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Assessment of chloral hydrate-centered
pediatric sedation performed by
non-anesthesiologists

Young Sung Kim, Byung Gun Lim, Sung Wook Kang,
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Department of Anesthesiology and Pain Medicine, Guro Hospital,
Korea University College of Medicine, Seoul, Korea

Background: We aimed to evaluate the efficacy and safety of
chloral hydrate-based pediatric sedation conducted by non-
anesthesiologists.

Methods: The design and setting of this study was a single-center
retrospective study performed at a tertiary university hospital
between July 2012 and May 2013. A total of 519 children were
enrolled in this study. We investigated the sedation medication,
age of patients and type of diagnostic tests or procedures and
evaluated the success rate of sedation, sedation/recovery profiles
and adverse events.

Results: Most patients underwent moderate sedation for diag-
nostic tests. The most commonly used sedative drug was chloral
hydrate, which was solely used for 482 patients. A combination
of chloral hydrate/midazolam was used for 24 patients and
midazolam only was used for 13 patients. Use of chloral hydrate
resulted in a sedation success rate of 65.5% after the initial dose
and a success rate of 95.2% with additional doses. The sedation
failure rate in children > 6 years was significantly higher than that
in children under 6 years. In all patients, the overall onset time
and recovery time were too slow and long, respectively, and there
was no critical complication.
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Conclusions: This study demonstrated that chloral hydrate-based
pediatric sedation conducted by non-anesthesiologists was mostly
moderate, with a high success rate and a low complication rate.
However, the overall onset time and recovery time were too slow
and long, respectively. Especially, alternative sedation regimens
are required in children > 6 years considering the slower onset
time and higher failure rate of sedation. (Anesth Pain Med 2016;
11: 366-374)
Key Words: Child, Chloral hydrate, Midazolam, Non-anesthesio-
logists, Sedation.
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olg] Aol 9Js}H chloral hydrate TH5 Foioll 93t X173

ANEE  033%7HA WS cheksiA EaEo] gt
[4,6,12,13].
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Table 1A. Overall Patient Characteristics (n = 519)

Age
Overall age (yr) 38 + 38
< 05 50 (9.6)
> 0.5-1 65 (12.5
> 1-6 303 (58.4)
> 6-12 67 (12.9)
> 12 34 (6.6)
Sex
Male 304 (58.6)
Female 215 (41.4)
Sedation medication
Chloral hydrate only 482 (92.9)
Chloral hydrate + Midazolam 24 (46
Midazolam only 13 (2.5

Values are mean + SD or numbers of patients (%).

Table 1B. The Distribution of Clinical Departments by Age of Patients Underwent Sedation

Overall < 05 > 0.5-1 > 1-6 > 6-12 > 12 (yr)
PED 408 45 56 230 53 24
ENT 42 1 0 32 6 3
CA 30 1 6 23 0 0
0s 19 0 0 6 6 7
RM 5 1 2 2 0 0
PS 4 0 1 3 0 0
GU 4 0 0 4 0 0
Others 7 2 0 3 2 0

Values are numbers of patients. PED: pediatrics, ENT: ear, nose & throat, CA: cardiology, OS: orthopedic surgery, RM: rehabilitation medicine,
PS: plastic surgery, GU: genitourinary. Others include general surgery, neurosurgery, ophthalmology and dermatology.
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Table 1C. The Distribution of Diagnostic Tests or Minor Procedures by Age of Patients Underwent Sedation

Overall < 05 > 0.5-1 > 1-6 > 6-12 > 12 (yr)
EEG and EP 168 16 16 84 36 16
Echocardiography 116 8 22 86 0 0
Nuclear tests 86 14 20 49 0 0
Magnetic resonance imaging 77 8 3 36 18 12
Computed tomography 55 2 2 40 5 6
Others 17 2 2 8 5 0

Values are numbers of patients. EEG: electroencephalogram, EP: evoked potential. Nuclear tests include renal scan (99mTc-DMSA), kidney
SPECT (single photon emission computed tomography) and diuretic renal scan. Others included other non-invasive tests such as an

ultrasonography or minor procedures.

4 BRI 97 viOlAG BAGHIL BARY B
S s A0 Aol el B A,

R A AL gholo] FX99 AF ol o] Folxlo
w, °FA] &3 chloral hydrate %o} AT kg 50 mg
(B77°1), midazolam- $ko} AlF kg 0.1 mg (BFF0)
= %3] &%o g AAAG37. AAE A3 Al Fo
HAAEE RE 3lolEollA Ramsay sedation scale (Appendix
& ol&ste] ARATE Frbskich 23] &%F Fof 15-
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oFA| 2] Z3toll wlel chloral hydrate?t T A3k 710] 482

Ao g NHEES XA, chloral hydrate®} midazolam=
skl Aol 247, midazolam®t A-E-3F 7Ao] 13709 th(Table
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%] tH(Tables 1B and 1C). Chloral hydrate®} midazolam2S
3 AAeAE w 14T 23] Fofow F spA 9 FE
< & WHoll Agslgy YA 23719 7% chloral hydrate
5 A Fokelar o] % Z1Ao| gt Ho] midazolamg AF-&-3)
gtt. = chloral hydrate®] %3] Fol& Qo] A-F3t A
% 3BIACE I AFTEL 655% (331 ] [482 + 23] x 100)

9t} Chloral hydrate 7} Ago2 ZAo] Ayt A& £
3Fsl chloral hydrate®] X148 AFEL 952% ([331 + 128]
/ 482 x 100)1t}. HFH ol midazolam %3] Fof A] AA A
FEL 23.1% (3 / 13 x 100), midazolams 37} Folgt 7
$E Z3E midazolam®] A AFTELS 462% (6 / 13 x
100)Z chloral hydrate®} B]izslo] FoJslAl U2 AFHE W
EHP < 0.001; Table 2). Midazolam o ¥ A4 Asjgt
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Table 2. Sedation Success or Failure by Sedation Medication or Age

Sedation success
on initial medication

Sedation success but require

additional medication Sedation failure

Sedation medication, n (%)*

Chloral hydrate only 331 (68.7) 128 (26.6) 23 (4.8)
Chloral hydrate + Midazolam 1 4.2) 16 (66.7) 7 (29.2)
Midazolam only 3 (23.1) 3 (23.1) 7 (53.8)
Age (yr), n (%)
< 05 37 (74.0) 13 (26.0) 0 (0.0)
> 0.5 51 (78.5) 12 (18.5) 2 (3.1)
> 1-6 203 (67.0) 87 (28.7) 13 (4.3)
> 6-12 36 (53.7) 19 (28.4) 12 (17.9)
> 12 8 (23.5) 16 (47.1) 10 (29.4)
Overall, n (%) 335 (64.55) 147 (28.32) 37 (7.13)
*P < 0.001 for sedation medication (Fisher's exact test). TP < 0.001 for age (Monte Carlo Method).
Table 3. The Analysis of Characteristics of Sedation Failure Cases 1.0
after Use of Midazolam with/without Chloral Hydrate
Chloral hydrate + Midazolam 08
1-1, M/6 A normal patient. -
1-2, M0 A patient with epilepsy and mental retardation 3 0.61
1-3, F/11 A patient with epilepsy and pervasive developmental §
disorder $ 0.4
1-4, MI14 A patient with epilepsy and cerebral palsy AUC =0.732
1-5, F/17 A patient with epilepsy, mental retardation and 02-
scoliosis
1-6, FM7 A patient with epilepsy
1=7, FI17 A patient with congenital hearing impairment, mental 0-r i i ' ' n
) . . . 0 0.2 0.4 0.6 0.8 1.0
retardation and past history of sedation failure
Midazolam 1-Specificity
21, M3 A po§3|pll|ty of pain induced by a fine needle Fig. 1. The receiver operating characteristic (ROC) curve for predicting
asp|ra.t|<l>r.1 o ) the failure or success of sedation. This curve shows the area under the
272, M4 A possibility of pain induced by a fine needle curve (AUC) of 0.732 and the cut-off value of age of 4.79 years
aspiration (sensitivity 0.696, specificity 0.776) (P < 0.001).
2-3, M/4 A patient with Kniest dysplasia, kyphoscoliosis, cleft
palate, achondroplasia and past history of sedation
failure 64l ola} 3kztell wlsl RAFAsNEo] fosAl FRHP <
2-4, Fl6 A possibility of pain induced by a fine needle 0.001; Table 2). glolo] od&o] AAHANE of|Ze}= ngE
aspiration = - 5 w
2-5, M/10 A possibility of pain induced by a biopsy 9} Sol=E olgzhel T3 ROC curvedll4l AUCE 0732,
2-6, FI13 A patient with epilepsy, cerebral palsy, Achgh 4.794| vk (Fig. 1).
neuromuscular scoliosis and past history of Chloral hydrate®} midazolam< & Foldl Fof|A] ZAut
sedation failure. A7} 8] 5A)7F 25 chloral hydratel} midazolamRF ¢
2-7, F117 A patient with congenital hearing impairment, mental

retardation and past history of sedation failure.

The cases of 1-7 and 2-7 are sedation cases for a same patient.
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Table 4. Sedation and Recovery Time

Onset time Test or Procedure time Recovery time Total elapsed time

Sedation medication

Chloral hydrate only (n = 459) 223 + 135 354 + 14.1 162 + 8.7 739 + 213

Chloral hydrate + Midazolam (n = 17) 432 + 236 34.7 + 136 30.9 + 16.6* 108.8 + 36.9%

Midazolam only (n = 6) 250 + 2577 442 + 18.0 75 + 697 76.7 + 3477
Age (yr)

< 05 (n = 50) 196 + 14.4 404 + 196 189 + 13.3 789 £ 25.1

> 05-1 (n = 63) 181 + 91 348 + 127 162 + 6.9 69.0 + 165

> 1-6 (n = 290) 234 + 143 332 + 133 166 + 9.2 731 £ 222

> 6-12 (n = 55) 248 + 12878 410 = 110 165 + 95 82.2 + 228!

> 12 (n = 24) 358 + 24378 431 % 133" 133 + 84 92.3 + 326%'
Overall (n = 482) 231 + 147 355 + 14.2 166 + 95 752 + 231

Values are mean + SD and they indicate each measured time (min). The sedation failure cases (n = 37) are excluded in this table. A
Bonferroni-corrected significance level was considered in the post-hoc test (Mann-Whitney U test). *P < 0.017 compared with ‘Chloral hydrate
only’, TP < 0017 compared with ‘Chloral hydrate + Midazolam', TP < 0.005 compared with ‘< 0.5, P < 0.005 compared with ‘> 0.5-1,

'P < 0.005 compared with ‘> 1-6'.

Table 5. Adverse Events by Sedation Medication or Age

Chloral hydrate Chloral hydrate

Midazolam

Overall only "+ Midazolam only < 05 > 0.5-1 > 1-6 > 6-12 > 12 (yr)

(n = 519) (n = 482) (n = 24) (n = 13) (n=50 (hn=65 (n=2303) (n=67) (n=34)
Nausea/vomiting 15 14 1 0 4 2 7 1 1
Prolonged sedation 4 4 0 0 0 1 2 1 0
Hypoxia 3 1 0 0 1 0 0 1 1
Fever 2 2 0 0 0 0 1 0 1
Defecation 2 2 0 0 0 1 0 0 1
Rigidity of limbs 1 0 1 0 0 0 0 0 1
Cough 1 1 0 0 0 0 1 0 0
Nasal stuffiness 1 1 0 0 0 0 0 1 0
Overall 27 25 2 0 5 4 11 4 5

Values are numbers of patients. There were no significant differences in the incidence of overall adverse events by sedation medication or age.

(severe complication)= Pl tHE-E2] <A H
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gol A4 AANE 01]*3 "F UEA ‘%’17-}1-:—9} *-T°1J—:-z zt
Z+ Fslo] ROC curved 18 ZI(Fig. 1), ROC curve o}
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