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INTRODUCTION 

The Global Burden of Disease, Injuries, and Risk Factors Study (GBD) 2019 [1] reported stroke to 
be the third leading cause of death and disability combined (as measured by disability-adjusted 
life-years) and the second leading cause of death worldwide in 2019. As per GBD 2019 [1], isch-
emic stroke accounted for 62.4% of all strokes and had a high risk of long-term recurrence, 
whereas intracerebral hemorrhage and subarachnoid hemorrhage constituted 27.9% and 9.7% 
of all strokes, respectively, and showed larger reductions in age-standardized rates than ischemic 
stroke from 1990 to 2019. In addition, the global trend prediction using the GBD 2019 database 
[2] showed an increase in the incidence of ischemic stroke across all sexes, age groups, and so-
ciodemographic index quintiles from 2020 to 2030. In acute ischemic stroke, intravenous 
thrombolysis and mechanical thrombectomy for large vessel occlusion (LVO) within eligible ther-
apeutic time window may be performed to reduce long-term disability from acute ischemic 
stroke. Globally, patients undergoing LVO account for 10% to 20% of all patients with ischemic 
stroke, but only <5% of patients receive treatment within the eligible therapeutic time window 
[3]. Several factors were responsible for prehospital delay, such as lack of awareness of the 
symptoms of stroke, not summoning emergency medical services, lack of effective interactions 
between prehospital transfer step and hospital management, and neighborhood socioeconomic 
status [4,5]. Therefore, stroke must be properly recognized from the prehospital stage, and pa-
tients must be transferred to institutions capable of providing appropriate treatment [6,7]. In 
Korea, Stroke Statistics in Korea 2018 [8] has been published by the Korean Stroke Society in 
2018, but epidemiological studies based on the emergency room are insufficient. Therefore, in-
vestigating the epidemiology of ischemic and hemorrhagic stroke in patients visiting the emer-
gency department (ED) may be the first step towards creating an appropriate emergency medi-
cal system.  
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Ethics statement 
The study was approved by the Institutional Review Board of the 
National Medical Center (No. NMC-2023-08-094). The require-
ment for informed consent was waived due to the retrospective 
nature of the study. 

NEDIS DATABASE 

This commentary addresses stroke epidemiology in the ED using 
the National Emergency Department Information System (NEDIS) 
database in Korea. NEDIS is an emergency information network 
designated by the Ministry of Health and Welfare of Korea that 
has been used since 2003 and is operated by the National Emer-
gency Medical Center (NEMC; Seoul, Korea). The NEDIS database 
includes demographics (such as sex, age, and insurance), symp-
toms (chief complaints and onset), and prehospital (emergency 
medical services use and treatment and means of transportation) 
and ED hospital (level of consciousness at presentation, emergen-
cy operative procedures, critical care requirement, disposition, 

hospital stay after admission, and final clinical outcomes) infor-
mation of all patients who visited 402 EDs nationwide. For data 
quality management, NEDIS data should be approved annually by 
Statistics Korea (Daejeon, Korea). NEMC manages NEDIS data and 
uses it for emergency medical service quality measurement [9–12]. 

EPIDEMIOLOGY OF STROKE IN THE ED 

Between 2018 and 2022, 458,514 patients with acute stroke vis-
ited the ED. Of these, 330,275 (72.0%) had acute ischemic stroke, 
and 128,239 (28.0%) had acute hemorrhagic stroke. The age- 
and sex-standardized incidence rate per 100,000 population of 
acute ischemic stroke tended to decrease during the COVID-19 
pandemic period, after which it slightly increased after the 
COVID-19 pandemic period. However, the incidence of acute 
hemorrhagic stroke decreased annually (Fig. 1). The average age 
of patients with acute ischemic stroke (70.0±13.8 years) was 
higher than that of patients with acute hemorrhagic stroke 
(63.7±16.1 years). Overall, acute ischemic stroke and hemor-
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Fig. 1. Annual changes in the age- and sex-standardized incidence rates per 100,000 population of acute stroke visiting emergency department for 5 
years (2018–2022) in Korea. (A) Acute ischemic stroke. (B) Acute hemorrhagic stroke.
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Table 1. Patient demographics, ED visit characteristics, and outcomes of acute ischemic stroke by age group and type of institution 

Characteristic Total
Age group Type of ED

0–17 yr 18–64 yr ≥65 yr Level I Level II Level III
No. of patients 330,275 (100) 712 (0.2) 106,871 (32.4) 222,692 (67.4) 134,604 (40.8) 195,244 (59.1) 427 (0.1)
Age (mean±SD) (yr) 70.0±13.8 9.6±5.7 54.1±8.8 77.8±7.4 69.8±13.7 70.1±13.9 70.4±13.3
Sex
 Male 187,052 (56.6) 406 (57.0) 74,172 (69.4) 112,474 (50.5) 77,468 (57.6) 109,369 (56.0) 215 (50.4)
 Female 143,223 (43.4) 306 (43.0) 32,699 (30.6) 110,218 (49.5) 57,136 (42.4) 85,875 (44.0) 212 (49.6)
Time from onset to visit (median [IQR]) (min) 173 (61–480) 136 (60–407) 161 (60–479) 178 (64–480) 180 (69–483) 165 (60–479) 147 (49.5–440)
Type of ED
 Level I 134,604 (40.8) 368 (51.7) 43,590 (40.8) 90,646 (40.7) 134,604 (100) 0 (0) 0 (0)
 Level II 195,244 (59.1) 344 (48.3) 63,154 (59.1) 131,746 (59.2) 0 (0) 195,244 (100) 0 (0)
 Level III 427 (0.1) 0 (0) 127 (0.1) 300 (0.1) 0 (0) 0 (0) 427 (100)
Route of arrival
 Direct visit 261,004 (79.0) 540 (75.8) 86,557 (81.0) 173,907 (78.1) 99,641 (74.0) 161,004 (82.5) 359 (84.1)
 Transfer from other hospital 62,079 (18.8) 150 (21.1) 17,952 (16.8) 43,977 (19.7) 32,065 (23.8) 29,953 (15.3) 61 (14.3)
 Referred from outpatient clinic 7,120 (2.2) 22 (3.1) 2,349 (2.2) 4,749 (2.1) 2,871 (2.1) 4,242 (2.2) 7 (1.6)
 Other 65 (0.0) 0 (0) 11 (0.0) 54 (0.0) 23 (0.0) 42 (0.0) 0 (0)
 Unknown 7 (0.0) 0 (0) 2 (0.0) 5 (0.0) 4 (0.0) 3 (0.0) 0 (0)
Transport
 119 Ambulance 159,824 (48.4) 217 (30.5) 45,404 (42.5) 114,203 (51.3) 62,344 (46.3) 97,241 (49.8) 239 (56.0)
 Other medical institution ambulance 9,026 (2.7) 22 (3.1) 2,122 (2.0) 6,882 (3.1) 5,354 (4.0) 3,662 (1.9) 10 (2.3)
 Other ambulance 32,884 (10.0) 65 (9.1) 8,230 (7.7) 24,589 (11.0) 16,584 (12.3) 16,258 (8.3) 42 (9.8)
 Police or official transport 222 (0.1) 0 (0) 154 (0.1) 68 (0.0) 110 (0.1) 112 (0.1) 0 (0)
 Air transport 713 (0.2) 0 (0) 192 (0.2) 521 (0.2) 637 (0.5) 76 (0.0) 0 (0)
 Ambulatory 127,096 (38.5) 406 (57.0) 50,629 (47.4) 76,061 (34.1) 49,396 (36.7) 77,564 (39.8) 136 (31.8)
 Other or unknown 510 (0.2) 2 (0.3) 140 (0.1) 368 (0.2) 179 (0.1) 331 (0.2) 0 (0)
Length of ED stay
 Mean±SD (min) 366.5±438.7 343.3±308.0 337.1±403.0 380.6±454.5 407.3±476.0 338.6±409.1 251.7±240.8
 Median (IQR) (min) 234 (145–403) 247 (139–444) 218 (137–373) 242 (150–417) 267 (167–448) 213 (134–369) 180 (117.5–300)
 0–6 hr 233,316 (70.6) 475 (66.7) 78,724 (73.7) 154,117 (69.2) 88,354 (65.6) 144,599 (74.1) 363 (85.0)
 6–12 hr 61,282 (18.6) 164 (23.0) 18,182 (17.0) 42,936 (19.3) 29,582 (22.0) 31,656 (16.2) 44 (10.3)
 12–24 hr 26,299 (8.0) 62 (8.7) 7,666 (7.2) 18,571 (8.3) 11,973 (8.9) 14,310 (7.3) 16 (3.7)
 ≥24 hr 9,362 (2.8) 11 (1.5) 2,294 (2.1) 7,057 (3.2) 4,686 (3.5) 4,672 (2.4) 4 (0.9)
 Unknown 16 (0.0) 0 (0) 5 (0.0) 11 (0.0) 9 (0.0) 7 (0.0) 0 (0)
ED disposition
 Discharge 46,025 (13.9) 189 (26.5) 18,590 (17.4) 27,246 (12.2) 16,807 (12.5) 29,186 (14.9) 32 (7.5)
 Admissiona) 269,800 (81.7) 494 (69.4) 84,062 (78.7) 185,244 (83.2) 113,374 (84.2) 156,054 (79.9) 372 (87.1)
  General wardb) 175,870 (65.2) 359 (72.7) 56,428 (67.1) 119,083 (64.3) 68,274 (60.2) 107,353 (68.8) 243 (65.3)
  Intensive care unitb) 91,034 (33.7) 135 (27.3) 26,799 (31.9) 64,100 (34.6) 42,672 (37.6) 48,233 (30.9) 129 (34.7)
 Transfer 13,253 (4.0) 29 (4.1) 3,970 (3.7) 9,254 (4.2) 3,879 (2.9) 9,351 (4.8) 23 (5.4)
 Hopeless discharge 90 (0.0) 0 (0) 8 (0.0) 82 (0.0) 78 (0.1) 12 (0.0) 0 (0)
 Death 794 (0.2) 0 (0) 104 (0.1) 690 (0.3) 400 (0.3) 394 (0.2) 0 (0)
 Other or unknown 313 (0.1) 0 (0) 137 (0.1) 176 (0.1) 66 (0.0) 247 (0.1) 0 (0)
Hospital disposition
 Discharge 232,400 (70.4) 595 (83.6) 83,285 (77.9) 148,520 (66.7) 91,611 (68.1) 140,480 (72.0) 309 (72.4)
 Transfer 76,478 (23.2) 103 (14.5) 19,504 (18.3) 56,871 (25.5) 34,081 (25.3) 42,298 (21.7) 99 (23.2)
 Hopeless discharge 308 (0.1) 0 (0) 47 (0.0) 261 (0.1) 216 (0.2) 92 (0.0) 0 (0)
 Death 16,981 (5.1) 12 (1.7) 2,732 (2.6) 14,237 (6.4) 6,797 (5.0) 10,170 (5.2) 14 (3.3)
 Unknown 4,108 (1.2) 2 (0.3) 1,303 (1.2) 2,803 (1.3) 1,899 (1.4) 2,204 (1.1) 5 (1.2)

Values are presented as number (%), unless otherwise indicated. Percentages may not total 100 due to rounding. 
ED, emergency department; SD standard deviation; IQR, interquartile range
a)Data for the “other” category are not presented. b)Proportion among total admissions.

rhagic stroke had a high incidence in men. However, in acute 
hemorrhagic stroke, women aged ≥65 years showed a higher in-
cidence than men of the same age group. The time from stroke 

onset to ED visit was longer in patients with ischemic stroke (me-
dian, 173 minutes; interquartile range [IQR], 61–480 minutes) 
than in those with hemorrhagic stroke (median, 91 minutes; IQR, 
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Table 2. Patient demographics, ED visit characteristics, and outcomes of acute hemorrhagic stroke 

Characteristic Total
Age group Type of ED

0–17 yr 18–64 yr ≥65 yr Level I Level II Level III
No. of patients 128,239 (100) 1,307 (1.0) 63,581 (49.6) 63,351 (49.4) 52,522 (41.0) 75,510 (58.9) 207 (0.2)
Age (mean±SD) (yr) 63.7±16.1 8.5±5.9 51.7±9.6 76.8±7.4 63.5±16.1 63.7±16.1 62.6±14.6
Sex
 Male 66,840 (52.1) 745 (57.0) 38,124 (60.0) 27,971 (44.2) 27,146 (51.7) 39,586 (52.4) 108 (52.2)
 Female 61,399 (47.9) 562 (43.0) 25,457 (40.0) 35,380 (55.8) 25,376 (48.3) 35,924 (47.6) 99 (47.8)
Time from onset to visit (median [IQR]) (min) 91 (44–250) 103 (43–309) 79 (40–221) 104 (49–286) 104 (51–256) 81 (40–245) 75 (38–221.5)
Type of ED
 Level I 52,522 (41.0) 592 (45.3) 26,042 (41.0) 25,888 (40.9) 52,522 (100) 0 (0) 0 (0)
 Level II 75,510 (58.9) 714 (54.6) 37,421 (58.9) 37,375 (59.0) 0 (0) 75,510 (100) 0 (0)
 Level III 207 (0.2) 1 (0.1) 118 (0.2) 88 (0.1) 0 (0) 0 (0) 207 (100)
Route of arrival
 Direct visit 93,651 (73.0) 961 (73.5) 46,371 (72.9) 46,319 (73.1) 35,522 (67.6) 57,985 (76.8) 144 (69.6)
 Transfer from other hospital 33,057 (25.8) 334 (25.6) 16,487 (25.9) 16,236 (25.6) 16,377 (31.2) 16,620 (22.0) 60 (29.0)
 Referred from outpatient clinic 1,486 (1.2) 12 (0.9) 701 (1.1) 773 (1.2) 606 (1.2) 877 (1.2) 3 (1.4)
 Other 36 (0.0) 0 (0) 16 (0.0) 20 (0.0) 13 (0.0) 23 (0.0) 0 (0)
 Unknown 9 (0.0) 0 (0) 6 (0.0) 3 (0.0) 4 (0.0) 5 (0.0) 0 (0)
Transport
 119 Ambulance 74,222 (57.9) 489 (37.4) 35,892 (56.5) 37,841 (59.7) 29,238 (55.7) 44,873 (59.4) 111 (53.6)
 Other medical institution ambulance 5,573 (4.3) 48 (3.7) 2,673 (4.2) 2,852 (4.5) 3,075 (5.9) 2,490 (3.3) 8 (3.9)
 Other ambulance 22,644 (17.7) 181 (13.8) 11,309 (17.8) 11,154 (17.6) 10,599 (20.2) 11,992 (15.9) 53 (25.6)
 Police or official transport 142 (0.1) 2 (0.2) 112 (0.2) 28 (0.0) 62 (0.1) 80 (0.1) 0 (0)
 Air transport 613 (0.5) 1 (0.1) 294 (0.5) 318 (0.5) 561 (1.1) 52 (0.1) 0 (0)
 Ambulatory 24,846 (19.4) 582 (44.5) 13,214 (20.8) 11,050 (17.4) 8,913 (17.0) 15,898 (21.1) 35 (16.9)
 Other or unknown 199 (0.2) 4 (0.3) 87 (0.1) 108 (0.2) 74 (0.1) 125 (0.2) 0 (0)
Length of ED stay
 Mean±SD (min) 297.2±444.3 289.5±303.7 276.0±424.8 318.7±464.3 340.5±508.3 267.5±391.4 176.3±188.3
 Median (IQR) (min) 167 (107–296) 190 (111–349.5) 156 (102–270) 179 (113–323) 188 (121–335) 153 (98–271) 116 (78–184.5)
 0–6 hr 103,488 (80.7) 990 (75.7) 52,873 (83.2) 49,625 (78.3) 40,570 (77.2) 62,734 (83.1) 184 (88.9)
 6–12 hr 14,460 (11.3) 213 (16.3) 6,216 (9.8) 8,031 (12.7) 6,823 (13.0) 7,620 (10.1) 17 (8.2)
 12–24 hr 7,076 (5.5) 84 (6.4) 3,111 (4.9) 3,881 (6.1) 3,383 (6.4) 3,687 (4.9) 6 (2.9)
 ≥24 hr 3,208 (2.5) 20 (1.5) 1,379 (2.2) 1,809 (2.9) 1,744 (3.3) 1,464 (1.9) 0 (0)
 Unknown 7 (0.0) 0 (0) 2 (0.0) 5 (0.0) 2 (0.0) 5 (0.0) 0 (0)
ED disposition
 Discharge 6,263 (4.9) 198 (15.1) 2,929 (4.6) 3,136 (5.0) 2,351 (4.5) 3,908 (5.2) 4 (1.9)
 Admissiona) 105,077 (81.9) 973 (74.4) 52,641 (82.8) 51,463 (81.2) 44,815 (85.3) 60,088 (79.6) 174 (84.1)
  General wardb) 21,018 (20.0) 379 (39.0) 8,920 (16.9) 11,719 (22.8) 8,188 (18.3) 12,802 (21.3) 28 (16.1)
  Intensive care unitb) 83,930 (79.9) 594 (61.0) 43,660 (82.9) 39,676 (77.1) 36,522 (81.5) 47,262 (78.7) 146 (83.9)
 Transfer 14,588 (11.4) 128 (9.8) 7,201 (11.3) 7,259 (11.5) 3,988 (7.6) 10,572 (14.0) 28 (13.5)
 Hopeless discharge 352 (0.3) 0 (0) 84 (0.1) 268 (0.4) 336 (0.6) 16 (0.0) 0 (0)
 Death 1,914 (1.5) 7 (0.5) 705 (1.1) 1,202 (1.9) 1,024 (1.9) 889 (1.2) 1 (0.5)
 Other or unknown 45 (0.0) 1 (0.1) 21 (0.0) 23 (0.0) 8 (0.0) 37 (0.0) 0 (0)
Hospital disposition
 Discharge 55,772 (43.5) 882 (67.5) 30,483 (47.9) 24,407 (38.5) 21,850 (41.6) 33,840 (44.8) 82 (39.6)
 Transfer 49,815 (38.8) 291 (22.3) 23,735 (37.3) 25,789 (40.7) 20,654 (39.3) 29,064 (38.5) 97 (46.9)
 Hopeless discharge 522 (0.4) 1 (0.1) 161 (0.3) 360 (0.6) 458 (0.9) 63 (0.1) 1 (0.5)
 Death 19,898 (15.5) 117 (9.0) 8,142 (12.8) 11,639 (18.4) 8,314 (15.8) 11,562 (15.3) 22 (10.6)
 Unknown 2,232 (1.7) 16 (1.2) 1,060 (1.7) 1,156 (1.8) 1,246 (2.4) 981 (1.3) 5 (2.4)

Values are presented as number (%), unless otherwise indicated. Percentages may not total 100 due to rounding. 
ED, emergency department; SD standard deviation; IQR, interquartile range
a)Data for the “other” category are not presented. b)Proportion among total admissions.

44–250 minutes). This duration was longer in patients aged ≥65 
years than that in the other age groups. Almost all patients with 
stroke were transferred to institutions higher than level II centers. 

A total of 18.8% of the patients with acute ischemic stroke and 
25.8% of the patients with acute hemorrhagic stroke visited the 
ED through other medical institutions. A total of 61.1% of pa-
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tients with acute ischemic stroke and 79.9% of patients with 
acute hemorrhagic stroke were transferred by the ambulance 
system, of which transfers through the 119 ambulance accounted 
for the largest portion. Further, 81.7% of the patients with acute 
ischemic stroke and 81.9% of the patients with acute hemor-
rhagic stroke were admitted. Death in the ED occurred in 0.2% of 
the patients with acute ischemic stroke and 1.5% of the patients 
with acute hemorrhagic stroke (Tables 1, 2). 

PATIENT CHARACTERISTICS ACCORDING TO 
TYPE OF ED 

Sixty percent of patients with stroke visited level II centers and 
40% visited level I centers. Patients who were transferred from 
other hospital were more in level I centers than level II centers. 
The length of stay in the ED was longer in level I centers (acute 
ischemic stroke, 407.3±476.0 minutes; acute hemorrhagic stroke, 
340.5±508.3 minutes) than in level II centers (acute ischemic 
stroke, 338.6 ±409.1 minutes; acute hemorrhagic stroke, 
267.5±391.4 minutes). In the case of acute ischemic stroke, 
84.2% of patients who visited level I centers and 79.9% of pa-
tients who visited level II centers were hospitalized. Among the 
hospitalized patients, a greater proportion was admitted to the 
intensive care units of level I centers (37.6%) than those of level 
II centers (30.9%). In the case of patients with acute hemorrhagic 
stroke, 85.3% of the patients who visited level I centers were 
hospitalized, and 79.6% of the patients who visited level II cen-
ters were hospitalized. Among hospitalized patients, more were 
admitted to the intensive care unit at level I centers (81.5%) than 
level II centers (78.7%) (Tables 1, 2).  

OUTCOME OF STROKE AT HOSPITAL  
DISCHARGE 

The incidence of in-hospital death or hopeless discharge was 
5.4% in acute ischemic stroke and 17.7% in acute hemorrhagic 
stroke. The in-hospital mortality rate and mortality per 100,000 
ED visits increased since the COVID-19 pandemic period (Fig. 2). 
The mortality rate tended to increase with age. No significant 
differences were observed according to the type of emergency 
medical center (Tables 1, 2). 

INSIGHTS AND CHALLENGES 

On examining the 5-year trend, we observed that the incidence 
of acute ischemic stroke increased with age. However, the dura-

tion from symptom onset to ED visit increased with the increase 
in age. Earlier admission and early neurosurgical intervention 
were associated with favorable outcomes in acute ischemic 
stroke and spontaneous hemorrhagic stroke [13,14]. Several 
stroke recognition systems and educational programs have been 
developed and implemented in prehospital settings [15]. In the 
future, a tailored approach involving effective educational pro-
grams on stroke recognition and initial behavioral guidelines for 
laypersons, especially the older population, is needed. Second, the 
frequency of both ischemic and hemorrhagic stroke increased in 
women over 65 years of age. Stroke is a particularly important 
condition in women. There are female-specific risk factors, and 
the outcomes of stroke in women are worse than that in men 
[16]. Therefore, stroke prevention and risk factor management are 
necessary in older women. Third, the length of stay in regional 
emergency medical centers was longer than that in local emer-
gency medical centers. This may be associated with crowding 
disparities between the ED [9]. Delays in timely ED admission are 
associated with poor patient outcomes [17]. Therefore, an emer-
gency medical service system that can efficiently use limited 
medical resources by accurately triaging patients from a prehos-
pital setting and transferring them to appropriate institutions 
needs to be developed [6,10]. Stroke is an important disease enti-
ty that requires adequate treatment within an eligible therapeu-
tic time window. Analyzing the statistics of ED visits is a basic 
step in developing an appropriate emergency medical system for 
patients with stroke. In the future, it will be necessary to develop 
emergency medical policies based on this database. 

CONCLUSION 

The characteristics of patients with stroke visiting the ED were in-
vestigated through an analysis of the NEDIS database over the past 
5 years. In the future, based on these surveys, it will be necessary  
to establish an emergency medical system suitable for Korea. 
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