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ABSTRACT

Background: Pediatric sedation in the emergency department (ED) is widely performed in 
Korea; thus exploring the trends of its use is necessary. This study aimed to investigate the 
characteristics of patients and sedatives use in the ED and verify their changes over recent years.
Methods: A nationwide population-based retrospective study was conducted including 
pediatric patients aged ≤ 15 years who received sedative medication in the ED and were 
discharged during 2007–2018, using the Korean Health Insurance Review and Assessment 
Service database. Patient characteristics (age, sex, level of ED, and diagnosis) and type of 
sedative used were analyzed.
Results: Sedation was performed in total 468,221 visits during 2007–2018 (399,320 visits, at 
least 3.8% of overall ED visits during 2009–2018). Among these, 71.0% were children aged 
1–3 years and 93.5% were sedated to support diagnosis of injury. An increase in total sedation 
was observed in patients aged 4–6 years during the study period (from 13.8% to 21.8%). A 
gradual decrease in the use of chloral hydrate (CH) compared with an increase in ketamine 
use was observed (CH, from 70.6% to 28.6%; ketamine, from 23.8% to 60.7%). Therefore, 
ketamine was the most used sedative since 2014. The most frequently used sedatives over the 
study period differed according to age groups (CH in <1 year and 1–3 years; ketamine in 4–6 
years and 7–10 years; and midazolam in 11–15 years).
Conclusions: The characteristics of patients related to sedatives use in the ED have changed 
over time. These changes should be considered in the development of future Korean 
guidelines regarding pediatric sedation in the ED.

Keywords: Child; Chloral Hydrate; Conscious Sedation; Emergency Service, Hospital; 
Ketamine

INTRODUCTION

Providing appropriate sedation to pediatric patients in the emergency department (ED) is 
essential but requires caution.1-3 Pediatric sedation, particularly in younger patients, can 
create difficulties in maintaining airways when compared with adults and poses a higher 
risk of adverse events related to sedative use.4,5 Moreover, sedation in the ED is performed 
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unexpectedly, associated with more painful procedures, and is more time-sensitive than 
scheduled sedation outside the ED.6 Accordingly, it is crucial to select sedatives with fewer 
adverse events while considering the purpose of sedation, patient age, and procedure 
duration in the ED.7,8

Chloral hydrate (CH) remains in use as a sedative for pediatric patients in Korea because of 
its convenient oral administration. However, it is no longer available in the United States 
because of safety concerns.9-12 Cases with serious adverse events, including mortalities, have 
been associated with medication errors or prolonged sedation up to 24 hours. Therefore, CH 
is thought to be inappropriate for ED use.13-15 Additionally, CH has no analgesic effects and 
frequently causes sedation failure among pediatric patients > 3 years of age.10,14 For these 
reasons, the Korean guidelines for pediatric procedural sedation and analgesia released by 
the Korean Society of Pediatric Emergency Medicine in 2012 recommended less primary use 
of CH and proactive use of ketamine for painful procedures performed in the ED.16

In this context, it is necessary to explore the trends in pediatric sedation in Korean EDs. 
This study aimed to investigate the characteristics of patients and sedatives used in the 
ED and their changes over 12 years. We used a nationwide population database to ensure 
comprehensive understanding and coverage of the wide variations in pediatric sedation in the 
ED across institutions and disparate physicians.10,17

METHODS

Study design
We conducted a nationwide population-based retrospective study among pediatric patients 
aged ≤ 15 years who received sedatives in the ED and were discharged during 2007–2018. 
Patients were identified using the Korean Health Insurance Review and Assessment Service 
(HIRA) database after an appropriate access approval. HIRA is a major organization 
involved in the Korean government-run national healthcare system that reviews and collects 
medical claims data generated from healthcare provider reimbursements.18 This healthcare 
system covers approximately 98% of the over 50 million population of Korea and contains 
patient information, diagnosis, healthcare provider information, and treatment details in 
a structured form (Supplementary Table 1).18 Data extracted from the HIRA database are 
available to researchers on appropriate requests for public research.

The main outcomes of this study were: 1) patient characteristics and type of sedatives used 
each year and 2) their changes throughout the study period. Two categories of variables, patient 
characteristics (age, sex, ED level, and diagnosis) and type of sedatives used, were analyzed. 
We divided patients into 5 age groups: < 1 year, 1–3 years, 4–6 years, 7–10 years, and 11–15 years. 
ED level was categorized as regional emergency center, local emergency center/specialized 
care center (including advanced pediatric emergency center), and local emergency facility 
via search codes (Supplementary Table 2). HIRA uses the Korean Standard Classification of 
Disease Version 6 (KCD6), which is based on the International Classification of Diseases 10th 
Revision (ICD-10), for diagnostic information. Diagnosis of injury was established for codes 
S00–T98 and illness for other codes.18 Patients who initially visited the ED but were admitted 
to the inpatient unit were excluded because HIRA data does not distinguish whether sedation 
was administered during the ED stay or after inpatient unit admission. The sedatives were 
recorded using the drug classification codes provided by the Ministry of Health and Welfare of 
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Korea (Supplementary Table 3). Opioids, such as morphine and fentanyl, were not included 
because they were predominantly used for analgesia, not sedation, in the ED. These data did 
not determine the number of times the same sedative was administered to a patient, and ≥ 2 
different sedatives used in a patient were regarded as multiple.

Statistical analysis
Descriptive statistics are presented as numbers and percentages. Trend tests were used to 
investigate the changes in pediatric sedation over the years during the study period or by 
increasing patient age. All statistical analysis were performed using SAS Enterprise Guide 
Software version 7.1 (SAS Institute, Inc., Cary, NC, USA).

Ethics statement
This study was approved by the Asan Medical Center Institutional Review Board (IRB No. 
2020-0229). No informed consent was required from patients due to the nature of public data 
from HIRA.

RESULTS

Patient characteristics
Patient demographic and sedation characteristics during the study period are summarized 
in Table 1. Sedation was performed in total 468,221 ED visits during 2007–2018. Proportion 
of sedation performed visits among annual ED visits of pediatric patients aged ≤ 15 years 
is provided. The number of annual ED visits could not be obtained during 2007–2008; 
therefore, we recorded 399,320 sedation performed visits, which were at least 3.81% of 
overall ED visits of pediatric patients during 2009–2018. The main features of the patients 
were 1–3 years of age (71.0%), male (64.0%), and underwent sedation at a local emergency 
center/specialized care center (65.2%) for diagnoses related to injury (93.5%). An increase 
in sedation use over time was observed in patients 4–6 years of age (from 13.8% to 21.8%) 
when compared with patients 1–3 years of age (from 71.0% to 66.4%). Additionally, sedation 
use increased in the regional emergency centers (from 32.2% to 40.9%) when compared with 
local emergency facilities (from 9.1% to 2.1%) during the study period.

Changes in sedative use
CH (51.6%), ketamine (40.0%), and midazolam (5.9%) were the most common sedatives 
used in the ED during the study period. Thiopental, etomidate, propofol, and pentobarbital 
(2.5%) were used infrequently. Changes in sedative use are shown in Fig. 1; their specific 
numbers and proportions are provided in Supplementary Table 4. CH use gradually 
decreased from 70.6% in 2007 to 28.6% in 2018, whereas ketamine use increased from 23.8% 
in 2007 to 60.7% in 2018. Use of midazolam slightly increased from 5.2% in 2007 to 8.4% 
in 2018. These changes made ketamine the most used sedative since 2014. Furthermore, 
ketamine use steadily increased in all ED settings in all age groups; the increase was most 
prominent in 1–3 years and 4–6 years of age groups (Table 2). The decreased use of CH was 
prominent in patients < 1 year, 1–3 years, and 4–6 years of age (Supplementary Table 5).

Sedation characteristics by patient age groups
Sedation characteristics, including the type of sedatives used according to patient age groups, 
are provided in Table 3. The proportion of sedation decreased among patients aged ≥ 1 year 
and with increasing patient age (1–3 years, 71.0%; 4–6 years, 16.2%; 7–10 years 2.3%; 11–15 
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Table 1. Changes in patient characteristics
Characteristics Total 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 P for 

trend
Annual ED visitsa NA NA NA 1,072,098 1,090,118 1,023,673 1,175,924 1,111,807 1,168,300 1,089,379 977,360 883,410 879,666 NA
ED sedationb 468,221 

(NA)
32,513 
(NA)

36,388 
(NA)

39,222 
(3.66)

42,528 
(3.90)

42,684 
(4.17)

45,625 
(3.88)

45,408 
(4.08)

43,704 
(3.74)

40,804 
(3.75)

35,763 
(3.66)

34,176 
(3.87)

29,406 
(3.34)

NA

Age, years < 0.001
< 1 45,400 

(9.7)
3,804 
(11.7)

4,439 
(12.2)

4,292 
(10.9)

4,491 
(10.6)

4,593 
(10.8)

4,762 
(10.4)

4,505 
(9.9)

3,620 
(8.3)

3,471 
(8.5)

2,845 
(8.0)

2,469 
(7.2)

2,109 
(7.2)

1–3 332,237 
(71.0)

23,352 
(71.8)

26,249 
(72.1)

29,197 
(74.4)

31,966 
(75.2)

31,636 
(74.1)

32,919 
(72.2)

32,536 
(71.7)

30,750 
(70.4)

27,677 
(67.8)

23,785 
(66.5)

22,659 
(66.3)

19,511 
(66.4)

4–6 75,803 
(16.2)

4,436 
(13.6)

4,707 
(12.9)

4,667 
(11.9)

5,064 
(11.9)

5,366 
(12.6)

6,829 
(15.0)

7,120 
(15.7)

7,885 
(18.0)

8,109 
(19.9)

7,620 
(21.3)

7,577 
(22.2)

6,423 
(21.8)

7–10 10,640 
(2.3)

628  
(1.9)

625  
(1.7)

675  
(1.7)

663  
(1.6)

705  
(1.7)

791  
(1.7)

858  
(1.9)

1,096 
(2.5)

1,197  
(2.9)

1,185  
(3.3)

1,149  
(3.4)

1,068 
(3.6)

11–15 4,141  
(0.9)

293  
(0.9)

368  
(1.0)

391  
(1.0)

344  
(0.8)

384  
(0.9)

324  
(0.7)

389  
(0.9)

353  
(0.8)

350  
(0.9)

328  
(0.9)

322  
(0.9)

295  
(1.0)

Male 299,743 
(64.0)

20,604 
(63.4)

23,050 
(63.3)

24,802 
(63.2)

27,100 
(63.7)

27,092 
(63.5)

29,368 
(64.4)

29,208 
(64.3)

28,152 
(64.4)

26,368 
(64.6)

23,134 
(64.7)

22,029 
(64.5)

18,836 
(64.1)

< 0.001

Level of ED < 0.001
Regional emergency 
center

131,905 
(28.2)

10,475 
(32.2)

11,345 
(31.2)

11,474 
(29.3)

12,016 
(28.3)

11,317 
(26.5)

11,139 
(24.4)

10,309 
(22.7)

9,521 
(21.8)

8,510 
(20.9)

10,034 
(28.1)

13,740 
(40.2)

12,025 
(40.9)

Local emergency center/
specialized care center

305,096 
(65.2)

19,088 
(58.7)

21,652 
(59.5)

24,703 
(63.0)

27,518 
(64.7)

29,028 
(68.0)

31,777 
(69.6)

31,814 
(70.1)

31,065 
(71.1)

29,595 
(72.5)

22,929 
(64.1)

19,161 
(56.1)

16,766 
(57.0)

Local emergency facility 31,220 
(6.7)

2,950 
(9.1)

3,391 
(9.3)

3,045 
(7.8)

2,994 
(7.0)

2,339 
(5.5)

2,709 
(5.9)

3,285 
(7.2)

3,118  
(7.1)

2,699 
(6.6)

2,800 
(7.8)

1,275  
(3.7)

615  
(2.1)

Diagnosis < 0.001
Illness 30,331 

(6.5)
2,430 
(7.5)

3,013 
(8.3)

2,831  
(7.2)

3,288 
(7.7)

3,118  
(7.3)

2,898 
(6.4)

2,862 
(6.3)

2,703 
(6.2)

2,292 
(5.6)

2,063 
(5.8)

1,355 
(4.0)

1,478 
(5.0)

Injury 437,890 
(93.5)

30,083 
(92.5)

33,375 
(91.7)

36,391 
(92.8)

39,240 
(92.3)

39,566 
(92.7)

42,727 
(93.6)

42,546 
(93.7)

41,001 
(93.8)

38,512 
(94.4)

33,700 
(94.2)

32,821 
(96.0)

27,928 
(95.0)

Values are presented as number (%).
ED = emergency department, NA = not applicable.
aNumber of annual ED visits of pediatric patients aged ≤ 15 years. Data in 2007 and 2008 could not be obtained; bNumber and proportion of sedation performed 
visits among annual ED visits.
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years, 0.9%). Patients aged < 1 year accounted for 9.7% of overall sedation and had a relatively 
considerable proportion of diagnoses related to illness (12.6%). The most used sedative over 
the study period was CH in patients aged ≤ 3 years (< 1 year, 74%; 1–3 years, 54.5%), ketamine 
in patients aged 4–10 years (4–6 years, 57.6%; 7–10 years, 67.0%), and midazolam in patients 
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Table 2. Changes in ketamine use
Characteristics Total 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 P for 

trend
Ketamine sedation 200,278 

(40.0)a
8,199 
(23.8)

8,716 
(22.5)

10,374 
(24.9)

12,373 
(27.3)

13,579 
(29.8)

16,360 
(33.8)

19,712 
(40.7)

22,529 
(48.4)

23,611 
(54.3)

22,342 
(57.1)

22,896 
(62.2)

19,587 
(60.7)

NA

Age, years < 0.001
< 1 8,122  

(4.1)
359  

(4.4)
458  
(5.3)

442  
(4.3)

508  
(4.1)

601  
(4.4)

707  
(4.3)

892  
(4.5)

862  
(3.8)

979  
(4.1)

851  
(3.8)

807  
(3.5)

656  
(3.3)

1–3 135,828 
(67.8)

5,792 
(70.6)

6,115 
(70.2)

7,449 
(71.8)

9,023 
(72.9)

9,678 
(71.3)

11,315 
(69.2)

13,774 
(69.9)

15,406 
(68.4)

15,628 
(66.2)

14,320 
(64.1)

14,696 
(64.2)

12,632 
(64.5)

4–6 46,977 
(23.5)

1,725 
(21.0)

1,765 
(20.3)

2,048 
(19.7)

2,382 
(19.3)

2,726 
(20.1)

3,657 
(22.4)

4,251 
(21.6)

5,250 
(23.3)

5,849 
(24.8)

5,906 
(26.4)

6,210 
(27.1)

5,208 
(26.6)

7–10 7,831 
 (3.9)

283  
(3.5)

303  
(3.5)

355  
(3.4)

382  
(3.1)

456  
(3.4)

555  
(3.4)

645  
(3.3)

861  
(3.8)

986  
(4.2)

1,054  
(4.7)

1,016  
(4.4)

935  
(4.8)

11–15 1,520 
 (0.8)

40  
(0.5)

75  
(0.9)

80  
(0.8)

78  
(0.6)

118  
(0.9)

126  
(0.8)

150  
(0.8)

150  
(0.7)

169  
(0.7)

211  
(0.9)

167  
(0.7)

156  
(0.8)

Male 131,622 
(65.7)

5,314 
(64.8)

5,722 
(65.6)

6,768 
(65.2)

8,025 
(64.9)

8,925 
(65.7)

10,889 
(66.6)

13,076 
(66.3)

14,913 
(66.2)

15,543 
(65.8)

14,753 
(66.0)

14,988 
(65.5)

12,706 
(64.9)

0.816

Level of ED < 0.001
Regional emergency 
center

68,151 
(34.0)

3,323 
(40.5)

3,717 
(42.6)

3,938 
(38.0)

4,933 
(39.9)

4,978 
(36.7)

4,875 
(29.8)

6,018 
(30.5)

6,271 
(27.8)

5,777 
(24.5)

7,239 
(32.4)

9,276 
(40.5)

7,806 
(39.9)

Local emergency center/
specialized care center

127,428 
(63.6)

4,575 
(55.8)

4,683 
(53.7)

6,057 
(58.4)

7,064 
(57.1)

8,338 
(61.4)

11,153 
(68.2)

13,386 
(67.9)

15,616 
(69.3)

17,471 
(74.0)

14,561 
(65.2)

13,007 
(56.8)

11,517 
(58.8)

Local emergency facility 4,699 
 (2.3)

301  
(3.7)

316  
(3.6)

379  
(3.7)

376  
(3.0)

263  
(1.9)

332  
(2.0)

308  
(1.6)

642  
(2.8)

363  
(1.5)

542  
(2.4)

613  
(2.7)

264  
(1.3)

Diagnosis 0.911
Illness 7,154 

 (3.6)
239  

(2.9)
426  

(4.9)
328  

(3.2)
399  
(3.2)

495  
(3.6)

614  
(3.8)

685  
(3.5)

784  
(3.5)

735  
(3.1)

1,098  
(4.9)

618  
(2.7)

733  
(3.7)

Injury 193,124 
(96.4)

7,960 
(97.1)

8,290 
(95.1)

10,046 
(96.8)

11,974 
(96.8)

13,084 
(96.4)

15,746 
(96.2)

19,027 
(96.5)

21,745 
(96.5)

22,876 
(96.9)

21,244 
(95.1)

22,278 
(97.3)

18,854 
(96.3)

Values are presented as number (%).
ED = emergency department, NA = not applicable.
aProportion of visits ketamine was used among total ED sedation.

Table 3. Sedation characteristics according to patient age groups
Characteristics Total < 1 year 1–3 years 4–6 years 7–10 years 11–15 years P for 

trend
ED sedation 468,221 (100) 45,400 (9.7) 332,237 (71.0) 75,803 (16.2) 10,640 (2.3) 4,141 (0.9) NA
Male 299,743 (64.0) 26,567 (58.5) 214,311 (64.5) 49,418 (65.2) 6,753 (63.5) 2,694 (65.1) < 0.001
Level of ED < 0.001

Regional emergency center 131,905 (28.2) 13,594 (29.9) 90,308 (27.2) 22,658 (29.9) 3,783 (35.6) 1,562 (37.7)
Local emergency center/
specialized care center

305,096 (65.2) 29,021 (63.9) 219,034 (65.9) 48,813 (64.4) 6,318 (59.4) 1,910 (46.1)

Local emergency facility 31,220 (6.7) 2,785 (6.1) 22,895 (6.9) 4,332 (5.7) 539 (5.1) 669 (16.2)
Diagnosis < 0.001

Illness 30,331 (6.5) 5,701 (12.6) 17,182 (5.2) 4,278 (5.6) 1,378 (13.0) 1,792 (43.3)
Injury 437,890 (93.5) 39,699 (87.4) 315,055 (94.8) 71,525 (94.4) 9,262 (87.0) 2,349 (56.7)

Sedatives used < 0.001
Chloral Hydrate 258,698 (51.6) 35,271 (74.0) 193,647 (54.5) 27,294 (33.5) 1,871 (16.0) 615 (12.9)
Ketamine 200,278 (40.0) 8,122 (17.0) 135,828 (38.2) 46,977 (57.6) 7,831 (67.0) 1,520 (31.8)
Midazolam 29,534 (5.9) 2,321 (4.9) 17,834 (5.0) 5,704 (7.0) 1,629 (13.9) 2,046 (42.8)

Type of sedative used < 0.001
Single 437,162 (93.4) 43,267 (95.3) 310,364 (93.4) 70,332 (92.8) 9,657 (90.8) 3,542 (85.5)
Multiplea 31,059 (6.6) 2,133 (4.7) 21,873 (6.6) 5,471 (7.2) 983 (9.3) 599 (14.5)

Values are presented as number (%).
ED = emergency department, NA = not applicable.
aTwo or more of different sedatives used was regarded as multiple.



aged 11–15 years (42.8%). Multiple types of sedatives were used in 6.6% of all patients who 
underwent sedation, and this proportion increased with increasing patient age (< 1 year, 4.7%; 
1–3 years, 6.6%; 4–6 years, 7.2%; 7–10 years 9.3%; 11–15 years, 0.9%; 11–15 years, 14.5%).

DISCUSSION

This nationwide population-based study explored approximately all cases of pediatric 
sedation performed at different levels of ED in Korea and demonstrated the characteristics 
of patients and changes in sedatives used during 2007–2018. The findings indicate that 
1) pediatric sedation in the ED was performed mainly among patients aged 1–3 years for 
diagnoses related to injury; 2) the most commonly used sedative was ketamine, replacing 
the use of CH; and 3) the frequency of specific sedative use was dependent on age group 
over the study period (CH was more common in patients aged 1–3 years versus ketamine in 
patients aged 4–6 years). Notably, a decrease in CH use and increase in ketamine use among 
patients aged 4–6 years are considered plausible in compliance with the Korean guidelines 
for pediatric procedural sedation and analgesia.16

Pediatric sedation in the ED is widely accepted as a standard practice and is actively 
performed in Korea,10,19 as evidenced by the many patients who underwent sedation during 
the study period. The proportion of pediatric sedation was at least 3.8% of overall ED visits 
during 2009–2018, which is comparable to the 1% reported by the Sedation Safety Study 
Group of Pediatric Emergency Research Canada.2 This previous study's data included 
sedation for painful procedures across 6 tertiary care pediatric EDs alone; therefore, our 
large-scale study, which included sedation for emergent diagnostic imaging, is more likely to 
reflect the overall proportion of pediatric sedation in the ED.20

Providing sedation for pediatric patients in the ED has become more systematic along with 
the development of pediatric emergency medicine over the last decade in Korea.21-24 This 
involves improvement in use of sedatives and changes in the level of ED which provide 
pediatric sedation. Most sedations were performed in the local emergency center/specialized 
care center or regional emergency center, whereas only 6.7% of sedation performed in the 
local emergency facility and this proportion has decreased (from 9.1% to 2.1%) during the 
study period. In addition, our results demonstrated increased use of ketamine and decreased 
use of CH. Ketamine was used most frequently among patients who were 4–6 years and 7–10 
years of age, which seems reasonable due to the safety and efficiency of pediatric sedation 
in the ED. Ketamine is an effective sedative with safer characteristics compared with 
other sedatives; it preserves cardiovascular and respiratory stability due to its dissociative 
mechanism and sympathomimetic effects.7,25 Furthermore, it has a rapid onset time, 
relatively short-acting duration and brings early recovery.2,25

The Korean guidelines for pediatric procedural sedation and analgesia recommend 
selecting sedatives according to the purpose of sedation, patient age, and duration of the 
procedure.16 Ketamine use is increasingly prominent; therefore, detailed guidelines, such 
as specific practical situations, levels of ED, or administration methods, should be updated. 
Additionally, most pediatric sedation guidelines do not describe the use of multiple types of 
sedatives.4,6,16 In several studies, the use of multiple types of sedatives has been reported to 
increase the risk for adverse events.2,13,26 This study showed that increasing patient age was 
associated with the use of multiple types of sedatives; the reason for multiple sedative use 
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or related adverse events in the older age groups could not be verified. Further research is 
required to stratify the risks associated with multiple sedative use among different age groups 
and this should be considered in the development of future guidelines.

This study has a few limitations owing to the characteristics of the HIRA database used. First, 
data for cases not covered by the national healthcare system, such as self-afflicted injuries 
or motor accidents, were excluded. Further, the use of emerging sedatives that were not 
eligible for reimbursement, such as dexmedetomidine, was not included. However, usage 
of such sedatives seems minimal among pediatric patients in Korean EDs. Second, only 
limited information could be accessed; the purpose of sedation, route of administration, 
and incidence of adverse events or sedation failure could not be identified. Moreover, it was 
indistinguishable how many times the same sedative was administered.

In conclusion, this first nationwide population-based study on pediatric sedation in Korean 
EDs demonstrated notable changes in the characteristics of patients and sedatives used. 
Advanced guidelines reflecting these changes are necessary. Furthermore, the establishment 
of a national pediatric sedation registry would be helpful to collect high-quality information 
to overcome the limitations of this study.
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