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Objective: Chloral hydrate (CH), as a sedation agent, is widely used in children for diagnostic
or therapeutic procedures. However, it has not come into the market and is currently only used as
hospital preparation in China. This review aims to systematically evaluate the efficacy of CH in
children of all age groups for sedation before medical procedures.

Materials and methods: Seven electronic databases and three clinical trial registry plat-
forms were searched and the deadline was September 2018. Randomized controlled trials
(RCTs) evaluating the efficacy of CH for sedation in children were included by two
reviewers. The extracted information included success rate of sedation, sedation latency
and sedation duration. The Cochrane risk of bias tool was applied to assess the risk of bias.
The outcomes were analyzed by Review Manager 5.3 software and expressed as relative
risks (RR) or Mean Difference (MD) with 95% confidence interval (CI). Heterogeneity was
assessed with I-squared (I?) statistics.

Results: A total of 24 RCTs involving 3564 children of CH for sedation were included in
the meta-analysis. Compared to placebo group, CH group had a significant increase in
success rate of sedation when used for painless and painful procedure (RR=4.15, 95% CI
[1.21, 14.24], P=0.02; RR=1.28, 95% CI [1.17, 1.40], P<0.01), which included 22 and 455
children for this analysis, respectively. Compared to midazolam group, CH group had a
significant increase in success rate of sedation (RR=1.63, 95% CI [1.48, 1.79], 1>=0%,
P<0.00001), sedation latency (MD=13.29, 95% CI [11.42, 15.16], I*=0%, P<0.00001) and
sedation duration (MD=17.52, 95% CI [10.3, 24.71], I’=0%, P<0.05), which included
1052, 710 and 727 children for this analysis, respectively. Compared to diazepam, there
was no significant difference in success rate of sedation (RR=0.93, 95% CI [0.80, 1.08],
’=52%, P=0.32), which included 230 children for this analysis. Compared to dexmedeto-
midine, there was no significant difference in the success rate of sedation (RR=0.92, 95%
CI [0.80, 1.06], I>=48%, P=0.27) and sedation latency (RR=-1.09, 95% CI [-2.45, 0.26],
>=26%, P=0.11), which included 512 and 371 children for this analysis, respectively.
Compared to barbiturates, there was no significant difference in the success rate of sedation
(RR=1.03, 95% CI [0.94, 1.13], I>=50%, P=0.58) and sedation duration (MD=-0.72, 95%
CI [-1.78, 0.34], I>=38%, P=0.18), which included 749 and 210 children for this analysis,
respectively.

Conclusions: From the extrapolation of the existing literature, CH oral solution is an
appropriate effective alternative for sedation in pediatrics.
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Introduction
Sedation is defined as a drug-induced depression of consciousness, which is a
continuum from wakefulness to anesthesia.' It assists in reducing anxiety, providing
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pain control and reducing movement of the patient when
undergoing a procedure. Children can easily become
anxious during medical procedures. Pain and anxiety
sometimes make the procedure more difficult to perform
for the medical staff, due to movement or a lack of coop-
eration from the patient.” As a result, children frequently
require sedation to undergo examination or diagnostic
imaging.

Sedative medications are used to reduce pain and anxi-
ety. They can be injected directly into the bloodstream,
injected into muscle tissue, given as a nasal spray, or
swallowed as a tablet or solution. Chloral hydrate (CH)
is a central nervous system depressant and is one of the
oldest sedatives (discovered in 1832). It is well absorbed
orally as well as rectally and rapidly metabolized into the
active metabolite trichloroethyl alcohol, which is respon-
sible for its sedative and hypnotic effects.? It is one of the
most frequently used sedative agents in pediatric ophthal-
mology, dentistry, radiology and so on. NICE 2010 guide-
line recommends that CH is considered for children under
15 kg who are unable to tolerate a painless procedure (for
example, during diagnostic imaging), which have a wide
margin of safety.® American College of Emergency
Physicians 2008 guideline recommends that CH may be
used to provide effective procedural sedation in pediatric
patients undergoing painless diagnostic studies. However,
children receiving CH should be properly monitored and
managed by appropriately trained personnel due to the risk
of respiratory depression and hypoxia.’

Contemporarily, CH has entered the pharmaceutical
market in Japan, Australia, England and Switzerland, but
it is only widely used as a hospital preparation in China.
Meanwhile, there is no systematic review of the efficacy of
CH for sedation in pediatrics. Henceforth, this review aims
at systematically evaluating the efficacy of CH oral solu-
tion in pediatrics for sedation to provide evidence for
health professionals who prescribe CH, as well as pharma-
ceutical research and development.

Materials and methods

Search strategy

Our research comprises three English electronic databases
(PubMed, EMBase, Cochrane Library) and four Chinese
(China Knowledge
Infrastructure, WanFang Database, Chinese Biomedical
Literature Database, VIP Database for Chinese Technical

electronic  databases National

Periodicals). Three clinical trial registry platforms were
used to find additional studies, including ClinicalTrials.gov,
the World Health Organization Clinical Trials Registry
Platform and Cochrane Central Registry of Controlled Trials.

The search strategy was specific for each database and
included a combination of the medical subject headings
and free text terms for (“chloral hydrate” or “somnos” or
“nycton” or “dormal”) and (“child” or ‘“newborn” or
“infant” or “neonate” or “toddler” or “teenager” or “ado-
lescent” or “pediatric”). We looked for additional studies
in reference lists of selected articles and contacted with
authors for unclear information. The deadline of all retrie-
val was September 2018.

This protocol was registered with the international pro-
spective register of systematic review: CRD42018108967.

Inclusion criteria

The following studies were included: (1) Participants: pedia-
tric patients (0—18 years) needed sedation before diagnostic
procedures, which were classified according to the
International Conference on Harmonisation of Technical
Requirements for Registration of Pharmaceuticals for
Human Use Criteria: preterm newborn infants, term newborn
infants (birth to 27 days), infants and toddlers (28 days to 23
months), children (24 months to 11 years) and adolescents
(12-18 years)®. (2) Intervention: chloral hydrate oral solu-
tion. (3) Comparison: placebo, no intervention or other seda-
tive hypnotics.” (4) Outcomes: success rate of sedation,
sedation latency, sedation duration.® (5) Type of study: ran-
domized controlled trial (RCT).

Exclusion criteria

The following studies were excluded: (1) Studies with
incomplete or missing information. (2) Not Chinese or
English literature. (3) Comparative study of different
routes of administration of chloral hydrate.

Data extraction
Data were extracted from all included studies. Extracted
information included: study information (author, published
time of included studies, country), method (study design,
information of quality evaluation), intervention (sample
size, medicine, administration route, dose), outcomes (suc-
cess rate of sedations, sedation latency, sedation duration).
Two independent reviewers screened all the titles and
abstracts to determine potential eligible articles. They
independently applied the eligibility criteria to perform
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the final selection. When discrepancies occurred between
both reviewers regarding the inclusion of the articles, they
would discuss and identify the reasons to either include or
exclude the articles and then make the final decision. If
they could not reach an agreement, the final decision
would be based on a third reviewer.

Risk of bias assessment
We used the Cochrane risk of bias tool for RCT studies.

Data analysis

Meta-analysis was conducted with RevMan 5.3. The data
were pooled and expressed as relative risks (RR) or Mean
Difference (MD) with 95% confidence interval (CI).
Heterogeneity assessment was done by I-squared (I%)
statistics. A fixed effects model was initially conducted.
If significant heterogeneity existed among trials
(I*>50%), potential sources of heterogeneity were con-
sidered, and where appropriate a random effects model

was used.

Results

Characteristics of the included studies

A total of 2045 records were identified for initial screening
and 24 eligible studies published between 2000 and 2017
were included in this meta-analysis (Figure 1). A total of
3564 children were enrolled in this study. The dose range
of CH oral solution is 25-100 mg/kg (Table 1).

Quality assessment

According to Cochrane risk of bias estimation, the seven
items including random sequence generation, allocation
concealment, blinding of participants and personnel, blind-
ing of outcome assessment, incomplete outcome data,
selective reporting and other bias of these were evaluated.
54.2% of studies (13/24) used an adequate method of
random sequence generation, such as using a random
number table or a computer-generated random number
table. Only one study mentioned allocation concealment.
25% of studies (6/24) performed on blinding of partici-
pants and personnel, such as using computer distribution
in the center. 66.7% of studies (16/24) reported complete
outcomes. 62.5% of studies (15/24) reported no selective
reporting with checking protocols. Blinding of outcome
assessment and other bias were vague in the majority of
trials (Figure 2).

2045 potentially relevant
records collected

Exclusion
| (1) 794 duplicates citations

1251 potentially relevant
records after duplicates

Exclusion

removed (1) 880 irrelevant to the subject
% (2) 19 not children
(3) 7 review
345 full-text articles for
further assessment
Exclusion

J/—> (1) 116 full text unavailable

(2) 126 nonoral administration
24 eligible studies included (3) 62 no outcome reported
for meta-analysis (4) 17 cohort studies

Figure | Flow diagram of selecting study.

Outcomes

CH versus placebo

Success rate of sedation

Among the 24 RCT studies, 2 studies with 477 children
contributed to this analysis. Compared to placebo group,
the success rate of sedation increased significantly in CH
group when used for painless and painful procedure
[RR=4.15, 95% CI (1.21, 14.24), P=0.02; RR=1.28, 95%
CI (1.17, 1.40), P<0.01].">%®

CH versus midazolam

Success rate of sedation

Among the 24 RCT studies, 8 studies with 1052 children
contributed to this analysis.®%!%18:21-23-26 Before sensitivity
analysis, three studies had significant heterogeneity.’'®
After sensitivity analysis, compared to midazolam group,
the success rate of sedation increased significantly in CH
group with no heterogeneity [RR=1.63, 95% CI (1.48,

1.79), I’=0%, P<0.00001] (Figure 3).%'42!"3

Group

Sedation latency

Among the 24 RCT studies, 5 studies with 710 children con-
tributed to this analysis.*'*'®2!*° Before sensitivity analysis,
two subgroups had significant heterogeneity.®*° After sensi-
tivity analysis, the sedation latency in CH group was longer
than in midazolam group with no heterogeneity [MD=13.29,
95% CI (11.42, 15.16), I>=0%, P<0.00001] (Figure 4).'*'8!

Sedation duration
Among the 24 RCT studies, 4 studies with 727 children
contributed to this analysis.®'*2 Before sensitivity analysis,

Drug Design, Development and Therapy 2019:13

submit your manuscript

2645

Dove


http://www.dovepress.com
http://www.dovepress.com

Dove

Chen et al

(panunuo))
6'TFELTD %882 LI'€¥96'8D (§7=u) 313w g0 ‘elo ‘wejozepiw D 211002
— LPFSTL %EECE6L Ayde.3oip.ed0n123)3 6LTFITEL — (§1=u) B4/8w g/ ‘|e4o ‘21e4pAY [RIOlYD 1| (1]4 ‘e 39 $Q 491PYAA
%y ¥iD (11=u) 8w g ‘eo ‘wedazelp :D £1£00T
— — %p9°€9:1 uopjeUlWEXd [BIUd(] 9] 1—€ (6=U) 34/8w of ‘ledo ‘91eJpAY JedO|YD 1| 0T ‘e 19 Y Z3A0IURY
(5€=u) 3
Y1IF0VD %EY 16D /3w g—g ‘uondalur snouaAe.nul ‘[eligseqoruad 1D
€TFSHL — %b1°L6°L W — Tt (5€=u) B/8w g/ ‘eio ‘d3eIpAy [etolyd ;| 0L | 4,¥00T ‘& 32 S BAIARLY
0PFSPETD (zp=u) 331 ¢ ‘eso ‘suipioIPaWXAP TD
SEF6SEID (zp=u) 8/3r T ‘[edo ‘BuipiLIoIBpaWXAP 1| D
0YF6'8TTL (0b=u) 3/3w (0| ‘[elo ‘1vpAY [edOlYd 7L
— 9PFOPE L — Aydeaoip.ed0.19|3 LEFSEN 6~ (9€=u) 3>/3w 0g ‘[eto ‘vpAY [edOYd 1| L 091 | 5, S10T ‘[&39 H snwno
ETYFL601D %02 PEPFIOIID (0€=u) 3/3w 7:0 ‘dup [eseu ‘wejozepiw :D
— | 60SIFSLETL BLYILL 1D L'ST80TI:L 01-0 (0€=u) 33w 00| ‘|edo ‘@3epAY [edojyd 1| 09 | ,,€10T ‘&3 Y Ye|e4
%CCTTD (6=u) ogeded D
— — %1ET6L uoneUIWEXD [e3URQ — S0 (€1=u) 3/8w g/ ‘eio @1eIpAy [edolyd :| [44 ¢1£00T ‘832 1D @
SO'SEF86'85D | ¥6'OVFLIESD %L619°D ¥8'SF06'1 1D (Tr1=u) 38w g0 ‘[elo ‘wejozepiw D
LEBEFOSLL | 969IFEVTL %y reL '@ 1D 9LEFSIIIEL T1-0 (r1=u) 3i/8w G/ ‘|edo ‘1rpAY [edojyd 1| 987 | g¥10T ‘e 32 WO 'zeliH
(T11=u) 343w pL0FEY| ‘[elo DuizAx0IpAY D
SLOEF8IHED %6€'88D (L 1=v)
— | €89TFETEL %08'68:L Aydeaolp.aed0.1d9|3 — 81-0 BY/BW €/ F8E'9T ‘B0 ‘DTEIPAY [RIOIYD 1] 65T | £,¥10T ‘€39 O sewpg
%T6'58:D (z1-8) 01D (1£=u) 3/8 T ‘dup |eseu ‘auipiwolapawxap D
— — %6T ¥ L 3unsa1 oweyydo (Z1-56) S01°L €0 (1£=u) 3%/8w 0g ‘|e40 ‘21e4pAY [RIOlY 1| wl 11£10T ‘e 39 D oeD
9TFLEID %Y 118D PP PFO8'S1D (0£=u) 318w g ‘sisAp> ‘wnipos [eauadoiy 5 o102
8TF6TIL — %98'78'L 1D EEPTYSYIL 9-C (0£=u) 3/3w 0§ ‘elo ‘@1eIpAY [eIoly> | ov ‘232 Y ueppzIZY
%001:D (001=U) 8/3w g0 ‘eo ‘wejozepiw D (€10
— — %0011 Aydeu3olpaedoa1ds|3 — (86=U) 3w | ‘[eJo ‘91eapAY [edojyd 1| 861 ‘e 39 YN Yeaysy
(unw) (%)
uopeanp | (uiw) Aouaye| uopyepas jo (saeayp) azis
uoiepag uonepag | 9djed ssaddNng sad£3 uopeuiwexy (€ )EE{EYVN a8y suopuaAaau| | sjdweg aed) joyIny

S31pNIs papn[aul JO SoNSIISIdBIRYD) | d|qeL

Drug Design, Development and Therapy 2019:13

submit your manuscript

2646

Dove


http://www.dovepress.com
http://www.dovepress.com

Chen et al

Dove

(panunuo))
%IYTLD (zer=u) ogqeded
— — %S8T6L | uondslul snousaenul — | 2190 | (gTz=u) 33w 090 ‘et0 ‘@3edpAy [eiolyd :| SSy 2000T d 8ueyz
(TI1=u) 3
%9 61D /3w g ‘uondalur Jenosnwe.ul ‘eaqaeqousyd D
— %SL:L uoneUIWEXD [E3USQ — 9-1"0 | (0TI=u) 8w ('|-8°0 ‘|edo ‘@3rpAY [edojyd 1| (474 1700 ‘O 3uepA
(0g=u) 84/8w 7 "o ‘dup [eseu‘wejozepiw 7D
Y TIFP'8STD €€¥901:7D %L°98:TD sumpund (0g=u) 3
L'SFUSHID 9'7¥8'8:1D %E €8 1D Jequin| Ayde.golp /Bw 7 "0 ‘uondalul Jgnosnwe.nulwejozepiw 1| D
€6THSHL 976’171 BECELL ~1B20.1232 [y 1D — 0 (0€=u) 31/1W 9°0—0 ‘[edo ‘ePAY [edojyd 1| 06 | 4910T ‘32 DS NO
(05=v) 38w 70
‘uondaful sNouaAe.IU| ‘WEjOZEPIW (7D
(05=u) 84/8w 7 "0 ‘uondalul snousAe.Ul ‘We|
Adoasoyduouq -0ZEpIW + BjW G "0 ‘[edo ‘DIeIPAY [eUO|Yd :|D
— — — ondouaqy se—€l T (0§=u) 3w g °0 ‘|edo ‘@3vPAY [edojyd 1| 0S| | &910T ‘le 3@ AZ uayD
%LL 08D (8£=v) 3/8w g ‘uonalul ‘enqreqouayd :5
— — %1ET6L — — | 800 (8£=u) 31w §°0 ‘e40 ‘AeIPAY [RIOIYD (1 951 | ,¢110T ‘e 32 1D noyz
€79LD %BETSD 96F6 115D (zz=Y) 313w g0 ‘edo‘wejozepiw D £2000T
9TFS6'L — %001:L W LYF6TIL | 8-LI0 (1'1=u) 34/8w g/ ‘|e4o ‘21e4pAY [eaOlY> 1| €€ ‘e 33 [ ounsody,q
%TT 15D SEFSEI 1D (1=u) 34/8w g0 ‘dup [eseu ‘wejozepiw :D 2S10T
— — %T1'S6'L 3591 SuleaH T9EFIVTIL 9-1 (1=u) 34/8w 0§-§T ‘240 ‘21e4pAY [eIOlYd 1| 8 ‘le 32 DI uaydaag
Y6TFS0ED 9'8FEI'l "D %90'95:D 86D (ze1=u) 38w g0 Aen3uyqns ‘wejozepiw D 12800
8'9TFIPSL TOTFI'STL %81°€6°L Aydes3oip.ed0.13)3 8TFE6L $50 (ze1=u) 358w g ‘eto ‘a1eapAy [esojyd i) ¥9T ‘e 32 | |oo3ueke]
I'€F1%1:TD %8670 (0§=u) 85/311 | ‘duip [eseu ‘BuIpIWICIBPAWXIP 7D
TEFISIEID %¥6:1D TIFSSD (05=u) 8x/311 T “dip [eseu ‘BuIpIWIOIAPAWXIP 1| D
— EYFIPIIL %08:L W 9IFI'9:L §0-0 (0§=U) B/8w ST ‘[eio ‘S3edpAy [edolyd ;| 0S1 | z910T ‘I 32 A Bueyz
(0s1—vor) (£8=v)
9'9¥9'61:D %95 €LD 0TI (L€l B/31 ¢ ‘sheads [eseu ‘uIpIWIOIBPAWXAP D
— 8LFFTITL %0L'SLL 1D —001) 9'11:L €| (£01=u) 3i/3w g ‘[edo ‘@3vIPAY [edojyd 1| v6l | ¢ L10T ‘T8 39 WA Uk
(urw) (%)
uoneanp | (uiw) A>uaje| uonepas jo (saeayp) azis
uonepoas uonepas | 9jed ss9IINg sad/3 uoneujwexy (31)3ys1opa o8y suonuaAsgu] | adweg JAea) doyIny

"(ponunuod) | a1qeL

2647

submit your manuscript

Drug Design, Development and Therapy 2019:13

Dove


http://www.dovepress.com
http://www.dovepress.com

Dove

Chen et al

“3uiew adueuosad dndudew ‘Yl Aydeadowol paandwod 4| ‘s[eld PI||oJIUOCd PIZIWOPUE ‘| Y ‘paiiodad J0u YN {dnoud [o.nuod ‘) ‘dnoud Juswieaay ‘| :suoieIASIqqY

(19=u) 3y
%9 7§D UonBUIWEXS UsW /3w g ‘uonda|ul Jenasnwe.nul ‘[eagaeqouayd 1D
— — %8L°L6'L | -opqe pue asayd ‘ureug — | 800 (06=Y) B3/8w (g ‘240 ‘21e4pAY [RIOJYD 1| IS | |¢€00T ‘e 32 7 Bueyz
(P5=u) 3
%0€'96:D uoneuIWwexs /8w §'0—€°0 ‘uondalul snousAe.nul ‘wedazelp 1D
— — %EH08:L aundound JequinT — /[—ST0 (9p=u)Jeafw| ‘[ed0 ‘@1BIPAY |eJOJYD :| 001 0£200T 1 3uoi1d
(Lp=u) 33w
%L 'S6:D 9Je} 9y3 JO aJumns T0—1°0 ‘uondalur Jenasnwesu; ‘wedazelp 1D
— — %S9'€6L aAIseAUl Aj[ewiully — | LLS¥ (€9=u) 31w g0 ‘ledo ‘areIpAY [RIOIYD 11 ol 010C ‘[s Buoz
(unw) %)
uoneanp | (urw) A>uaye| uonepas jo (saeayp) azis
uonepag uonepag | 9jed ssaddNg sad£y uoneuiwexy ()R 1TEEYVY a8y suonuaAsu] | ajdweg JAea) doyany

"(panunuo)) | aqeL

Drug Design, Development and Therapy 2019:13

submit your manuscript

2648

Dove


http://www.dovepress.com
http://www.dovepress.com

Dove Chen et al

Random sequence generation (selection bias)
Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)

Allocation concealment (selection bias)
Incomplete outcome data (attrition bias)

@ | @ |Selective reporting (reporting bias)

%
2
s}
Ashrafi MR 2013
Azizkhani R 2014 | @ [ J
Bektas O 2014 -
CaoQ2017| @® @
D'Agostino J 2000 | & ®
Da CL 2007 ® @
Fallah R 2013| @ ® e e
Guangling Zhou 2011 | @ [ 1K J
Gumus H 2015 | @ @ [ J
Hijazi OM 2014 | @ | @ | & ® e e
kantovitz KR 2007
Lan zhang 2003 ®
Layangool T 2008 | @& ® S e e
Ping zhang 2000 ® e e
Qin wang 2004 ® e e
Qiong luo 2002 ® e
Shobha malviya 2004 | @ ®Oe
Shuangquan qu 2016 ® e
Shujan zong 2010 ® e e
Stephen MC 2015 | @ @ [ J
Wheeler DS 2001 | @ ®e
Yuen VM 2017 | @ ® @
Zhang W 2016 | @ ®
Zhuoyi chen 2016 [ JE JK J
. : Low risk of bias . : High risk of bias Blank grid: Unclear risk of bias
Figure 2 Quality assessment of included studies.
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Test for overall effect: Z=10.28 (P<0.00001) Favours [Chloral hydrate] Favours [midazolam

Figure 3 The success rate of sedation between chloral hydrate group and midazolam.

two subgroups had substantial heterogeneity.”'® After sensi- CH versus diazepam

tivity analysis, the sedation duration in CH group was longer  Success rate of sedation

than in midazolam group with no heterogeneity [MD=17.52, = Among the 24 RCT studies, 3 studies with 230 children
95% CI (10.3, 24.71), I>=0%, P<0.05] (Figure 5).5% contributed to this analysis.!2%° There was no significant

Drug Design, Development and Therapy 2019:13 submit your manuscript 2649

Dove


http://www.dovepress.com
http://www.dovepress.com

Chen et al Dove
Experimental Control Mean difference Mean difference
Study or subgroup Mean SD_Total Mean SD_Total Weight IV, random, 95% Cl 1V, random, 95% CI
Fallah R 2013 23.75 15.09 30 10.92 4.32 30 11.1%  12.83[7.21, 18.45] T
Hijazi OM 2014 243 1669 144 53.12 40.96 142 Not estimable
Layangool T 2008 251 202 132 1113 86 132 250% 13.97[10.22,17.72] -
Shuangquan Qu 2016 25 4.7 15 273 29 25 Not estimable
Wheeler DS 2001 219 6 30 88 26 30 63.9% 13.10[10.76, 15.44] =
Total (95% CI) 192 192 100.0% 13.29 [11.42, 15.16] *
Heterogeneity: Tau?=0.00; Chi?=0.18, df=2 (P=0.91); P=0% ’_50 25 B 2‘5 50’

Test for overall effect: Z=13.92 (P<0.00001)

Figure 4 The sedation latency between chloral hydrate group and midazolam group.

Favours [Chloral hydrate] Favours [Midazolam]

Experimental Control Mean difference Mean difference
Study or subgroup Mean SD__Total Mean SD_Total Weight IV, random, 95% CI 1V, random, 95% CI
D'Agostino J 2000 95 26 22 76 39 95 28.8%  19.00 [5.60, 32.40] -
Hijazi OM 2014 759 38.37 144 58.98 35.05 142 71.2%  16.92[8.40, 25.44) T
Layangool T 2008 546 268 132 305 294 132 Not estimable
Shuangquan Qu 2016 454 9.3 30 45.2 8.7 30 Not estimable
Total (95% CI) 166 237 100.0% 17.52[10.33, 24.71] -
Heterogeneity: Tau’=0.00; Ch=0.07, df=1 (P=0.80); ’=0% 50 25 0 25 50

Test for overall effect: Z=4.78 (P<0.00001)

Figure 5 The sedation duration between chloral hydrate group and midazolam group.

Favours [Chloral hydrate] Favours [midazolam]

Experimental Control Risk ratio Risk ratio
Study or subgroup Events _ Total Events Total Weight M-H, random, 95% CI M-H, random, 95% CI
Kantovitz KR 2007 7 1 4 9 2.9% 1.43 [0.61, 3.37] -1
Qiong Luo 2002 37 46 52 54 40.7% 0.84 [0.72, 0.97] L
Shujun Zong 2010 59 63 45 47 56.4% 0.98 [0.90, 1.07]
Total (95% CI) 120 110 100.0% 0.93 [0.80, 1.08]
Total events 103 101

Heterogeneity: Tau?=0.01; Ch?=4.13, df=2 (P=0.13); ’=52%
Test for overall effect: Z=0.99 (P=0.32)

002 0.1 1 10 50
Favours [Chloral hydrate] Favours [Diazepam]

Figure 6 The success rate of sedation between chloral hydrate group and diazepam group.

difference in success rate of sedation between CH group
and diazepam group [RR=0.93, 95% CI (0.80, 1.08),
2=52%, P=0.32] (Figure 6).

CH versus dexmedetomidine

Success rate of sedation

Among the 24 RCT studies, 4 studies with 512 children con-
tributed to this analysis.'""'>'*° Before sensitivity analysis,
one subgroup had significant heterogeneity.'' After sensitivity
analysis, there was no significant difference in success rate of
sedation between CH group and dexmedetomidine group
[RR=0.92, 95% CI (0.80, 1.06), I>=48%, P=0.27] (Figure 7).

Sedation latency

Among the 24 RCT studies, 3 studies with 371 children
contributed to this analysis.'>'**° Before sensitivity ana-
lysis, one subgroup had significant heterogeneity.'® After
sensitivity analysis, there was no significant difference in

sedation latency between CH group and dexmedetomidine
group [RR=-1.09, 95% CI (-2.45,0.26), 1>=26%, P=0.11]

with no heterogeneity (Figure 8).'>2°

CH versus barbiturates

Success rate of sedation

Among the 24 RCT studies, 5 studies with 749 children
contributed to this analysis.'®'®?**73! Before sensitivity
analysis, one subgroup had significant heterogeneity.”'
After sensitivity analysis, there was no significant differ-
ence in success rate of sedation between CH group and
barbiturates group [RR=1.03, 95% CI (0.94, 1.13),
1>=50%, P=0.58] (Figure 9).

Group

Sedation duration
Among the 24 RCT studies, 2 studies with 210 children
contributed to this analysis.'®'® There was no significant
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Experimental Control Risk ratio Risk ratio
_Study or subgroup __Events  Total Events Total Weight M-H, random, 95% Cl M-H, random, 95% CI
Cao Q2017 61 71 45 70 Not estimable
Gumus H 2015 28 36 35 42 25.5% 0.93[0.75, 1.16) ol
Yuen VM 2017 81 107 64 87 355% 1.03 [0.87, 1.21) —E
Zhang W 2016 40 50 47 49 39.0% 0.83[0.72, 0.97) o
Total (95% Cl) 193 178 100.0% 0.92 [0.80, 1.06]
Total events 149 146
i 0 01+ Chi= —o (P= . R=4go I + - + !
Heterogeneity: Tau?=0.01; Chi?=3.73, df=2 (P=0.15); ’=46% 02 08 3 2 5

Test for overall effect: Z=1.10 (P=0.27)

Favours [Chloral hydrate] Favours [dexmedetomidine]

Figure 7 The success rate of sedation between chloral hydrate group and dexmedetomidine group.

Control

Experimental

Mean difference

Mean difference

udy or subgro an D Tota ean a eigh andom, 95% ClI IV, r % ClI
Gumus H 2015 34 46 36 359 35 42 423% -1.90[-3.74,-0.06) =
Yuen VM 2017 224 78 107 196 66 87 Not estimable
Zhang W 2016 146 43 50 151 32 49 57.7% -0.50 [-1.99, 0.99]
Total (95% Cl) 86 91 100.0% -1.09 [-2.45, 0.26]

Heterogeneity: Tau?=0.25; Chi*=1.34, df=1 (P=0.25); ’=26%
Test for overall effect: Z=1.58 (P=0.11)
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Figure 8 The sedation latency between chloral hydrate group and dexmedetomidine group.

difference in sedation duration in CH group and barbiturates
group [MD=—0.72, 95% CI (~1.78, 0.34), ’=38%, P=0.18]
(Figure 10).

Discussion

Sedating children for diagnostic and therapeutic proce-
dures continues to pose challenges.® The methodology of
sedation is needed to decrease patients’ anxiety, movement
and radiation exposure, which ultimately elevate the qual-
ity of procedural outcomes. Commonly used sedative hyp-
notics including benzodiazepines (such as midazolam,
diazepam, triazolam), aldehydes (such as CH), barbiturates
(such as thiopental), imidazole pyridine derivatives (such
as zolpidem), benzene ring piperidine derivatives (keta-
mine) are prevalently prescribed in the current clinical
diagnostic and therapeutic procedures. Moreover, within

these categories of sedatives, CH, midazolam, dexmedeto-
midine are recommended for sedation in children in the
guideline.*’

The present study was a meta-analysis to evaluate the
efficacy of CH oral solution for sedation in pediatrics. Based
on the existing evidence from 24 RCTs, the analysis indicated
that the sedative effect of CH was better than midazolam,
which was consistent with the results of Wilson ME et al.!
Additionally, there was no significant difference between the
CH and diazepam, dexmedetomidine, barbiturates in the suc-
cess rate of sedation. Meanwhile, children aged 0-18 were
with a prospering success rate of sedation that ranges from
63.61% to 100% in this study. Consequently, the sedation
success rate of hearing test, electrocardiography, MRI, ophthal-
mic testing, lumbar puncture examination, CT and dental
examination with a significant expression were 95.12%,

Experimental Control Risk ratio Risk ratio
Study or subgrou Events Ev i -H, R m, 95% Cl M-H ndom, 95% CI
Azizkhani R 2014 58 70 61 70 23.2% 0.95[0.83, 1.09] - =
Guangling Zhou 2011 72 78 63 78 25.8% 1.14 [1.01, 1.30] — =
Lan Zhang 2003 88 90 32 61 Not estimable
Qin Wang 2004 90 120 89 112 23.2% 0.94 [0.82, 1.09] L
Shobha Malviya 2004 34 35 32 35 27.8% 1.06 [0.95, 1.19] T
Total (95% CI) 303 295 100.0% 1.03 [0.94, 1.13]
Total events 254 245 ) )

Heterogeneity: Tau?=0.00; Chi’=6.01, df=3 (P=0.11); ’=50%

0.7 15

0.5 1 2
Test for overall effect: 2=0.56 (P=0.58) Favours [Chloral hydrate] Favours [Barbiturates]
Figure 9 The success rate of sedation between chloral hydrate group versus barbiturates.
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Experimental

Mean difference

Mean difference

Study or subgroup Mean _SD Total Mean SD Total Weight |V, fixed, 95% Cl 1V, fixed, 95% CI

Azizkhani R 2014 129 28 70 137 36 70 986% -0.80[-1.87,0.27] L

Shobha Malviya 2004 45 23 35 40 14 35 1.4% 5.00[-3.92, 13.92]

Total (95% Cl) 105 105 100.0% -0.72[-1.78, 0.34] 4

Heterogeneity: Chi”=1.60, df=1 (P=0.21); ’=38% ‘_20 _1’0 0 1’0 20‘

Test for overall effect: Z=1.33 (P=0.18)

Figure 10 The sedation duration between chloral hydrate group versus barbiturates.

93.62%, 88.54%,
respectively.

85.92%, 80.43%, 78.26%, 76.05%,

From the existing secondary evidence, CH recom-
mended by the NICE 2010 guideline for children under
15 kg who are unable to tolerate a painless procedure had
a wide margin of safety.® The American College of
Emergency Physicians 2008 guideline suggested that CH
could be used to provide effective procedural sedation in
pediatric patients undergoing painless diagnostic studies
(level A recommendation).” Two experts’ consensus
recommended CH could be used for sedation before non-
invasive procedure and imaging examination in China.****
The systematic review of Asimina Mataftsi et al indicated
that despite the paucity of high-quality evidence, the exist-
ing literature suggested that the use of CH for procedural
sedation in children appears to be an effective alternative
to general anesthesia.”® This is due to its ability to be
safely administered in the hospital setting with appropriate
monitoring and vigilance for intervention.'® Therefore,
these above evidences suggested that CH oral solution
could be used for sedation in pediatrics.

We also recognized the limitations of this study. Firstly,
only 25% of studies (6/24) were performed on blinding of
participants and personnel assessment. Blinding of outcome
assessment, allocation concealment and other bias were
ambiguous in the majority of trials. These results indicated
the overall quality of the included literature was not satisfac-
tory. Due to only 6 studies being blinded, we did sensitivity
analysis of the main outcome indicator of success rate of
sedation and the results indicated no differences in the success
rate of sedation between CH and midazolam or dexmedeto-
midine. Furthermore, before sensitivity analysis, some studies
had compelling levels of heterogeneity, which might be caused
by the quality of the studies, the dose of the treatment and
control group, the sample size, the age of the child, the type of
examination, etc. Thirdly, this study only included Chinese or
English literature and there might be varying degrees of lan-
guage bias. Although this systematic review and meta-analysis
retrieved the mainstream databases, there might still be cases

Favours [Chloral hydrate] Favours [Barbiturates]

of missed detection. Additionally, this study only reported the
efficacy of CH oral solution for sedation in pediatrics; the
safety of CH oral solution for sedation in pediatrics would
be reported in another manuscript.

Conclusion

From the extrapolation of the existing literature, CH oral
solution is an appropriate effective alternative for sedation
in pediatrics.
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