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Objective : Several studies have reported inconsistent findings among countries on whether off-hour hospital presentation is 
associated with worse outcome in patients with acute stroke. However, its association is yet not clear and has not been thoroughly 
studied in Korea. We assessed nationwide administrative data to verify off-hour effect in different subtypes of acute stroke in Korea.
Methods : We respectively analyzed the nationwide administrative data of National Emergency Department Information System in 
Korea; 7144 of ischemic stroke (IS), 2424 of intracerebral hemorrhage (ICH), and 1482 of subarachnoid hemorrhage (SAH), respectively. 
“Off-hour hospital presentation” was defined as weekends, holidays, and any times except 8:00 AM to 6:00 PM on weekdays. The primary 
outcome measure was in-hospital mortality in different subtypes of acute stroke. We adjusted for covariates to influence the primary 
outcome using binary logistic regression model and Cox's proportional hazard model.
Results : In subjects with IS, off-hour hospital presentation was associated with unfavorable outcome (24.6% off hours vs. 20.9% 
working hours, p<0.001) and in-hospital mortality (5.3% off hours vs. 3.9% working hours, p=0.004), even after adjustment for 
compounding variables (hazard ratio [HR], 1.244; 95% confidence interval [CI], 1.106–1.400; HR, 1.402; 95% CI, 1.124–1.747, respectively). 
Off-hours had significantly more elderly ≥65 years (35.4% off hours vs. 32.1% working hours, p=0.029) and significantly more frequent 
intensive care unit admission (32.5% off hours vs. 29.9% working hours, p=0.017) than working hours. However, off-hour hospital 
presentation was not related to poor short-term outcome in subjects with ICH and SAH.
Conclusion : This study indicates that off-hour hospital presentation may lead to poor short-term morbidity and mortality in patients 
with IS, but not in patients with ICH and SAH in Korea. Excessive death seems to be ascribed to old age or the higher severity of medical 
conditions apart from that of stroke during off hours.
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INTRODUCTION

Acute stroke is a medical and subsequent surgical emergen-

cy, which needs time-dependent evaluation and therapy by 

highly trained, skilled neurologists or neurosurgeons, nurses 

and other paramedics. Off-hour time may first lead to delay of 

http://crossmark.crossref.org/dialog/?doi=10.3340/jkns.2020.0127&domain=pdf&date_stamp=2021-01-01


J Korean Neurosurg Soc 64 | January 2021

52 https://doi.org/10.3340/jkns.2020.0127

hospital presentation after acute stroke. Off-hours may also 

increase time interval from computed tomography (CT) scan-

ning to interventional procedure17). Because specialists are 

usually at home during off hours, fast decision-making and 

subsequent intervention or operation may be delayed25). Off 

hours may decrease performance skills of interventionalist or 

neurosurgeon owing to change of normal biological rhythm 

and physical or mental fatigue11). As a result, off-hour hospital 

presentation may increase the probability of unexpected com-

plications1) or frequent medical errors3). This phenomenon is 

well known as “off-hour effect” which been believed to result 

in worse outcome in time-dependent critical conditions such 

as acute stroke4), acute myocardial infarction16).

There have been incoherent results among countries on im-

pact of off-hour admission on clinical outcome after acute str

oke4,5,10,13,15,18,19,22,24). Its relation has not yet been thoroughly 

studied in Korea. We analyzed nationwide administrative data 

to verify off-hour effect in different subtypes of acute stroke 

in Korea.

MATERIALS AND METHODS

Study population
This study was approved by the Institutional Review Board/

Ethics Committee of National Medical Center (IRB No. 

H-1902-099-003). We used the nationwide administrative 

data from the National Emergency Department Information 

System (NEDIS) between January 2010 and December 2011. 

This data is comprised of 26 hospitals that are qualified as 

wide regional or regional emergency medical center located 13 

regional states and five metropolitan cities in Korea excluding 

the metropolitan area of Seoul-Incheon-Gyeonggi districts. 

Subjects who visited emergency medical center within 24 

hours of symptom onset were the scope of this registration 

data. All patients were adequately treated after diagnosis by 

CT scan or magnetic resonance imaging scan. Inclusion crite-

ria were defined as ischemic stroke (IS), intracerebral hemor-

rhage (ICH), subarachnoid hemorrhage (SAH) coded as I63, 

I61, 160 grounded on the World Health Organization’s Inter-

national Classification of Diseases, 10th revision. Exclusion 

criteria were defined as subjects with less than 18 years of age, 

causes of stroke sequelae and death on arrival.

A total of 14783 eligible subjects with acute stroke were ini-

tially extracted in this database. According to exclusion crite-

ria, a total of 3436 subjects were excluded. Finally, 11347 sub-

jects were enrolled in this study. Fig. 1 showed f low chart 

describing exclusion and inclusion criteria for selection of 

data.

Fig. 1. Inclusion and exclusion criteria for selection of data. NEDIS : National Emergency Department Information System.
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Study designs
We respectively analyzed finally enrolled data of 11347 sub-

jects with acute stroke in Korea. “Working-hour hospital pre-

sentation”, “working-hour admission” or “working hours” 

were defined as the subjects presented to hospital emergency 

center between 8:00 AM to 6:00 PM on any weekday in regu-

lar working hours. “Off-hour hospital presentation”, “off-hour 

admission” or “off hours” were defined as the subjects admit-

ted at any other time before or after working hours. Weekends 

and public holidays were also included in off hours in this 

study. The primary outcome measure was in-hospital mortal-

ity of acute stroke. The secondary outcome measures were 

“not discharge to home”, unfavorable outcome, severe disabil-

ity, 7-day mortality and 30-day mortality. Glasgow coma scale 

(GCS) scores were used to evaluate neurological status of all 

subjects. “Not discharge to home” means transfer to other 

hospitals or death. “Unfavorable outcome” means transfer to 

other hospitals or hopeless discharge or death. “Severe disabil-

ity” means motor weakness, grade 1, 2 or death at discharge.

Statistical analysis
Statistical analysis was performed using SPSS ver. 15.0 (SPSS 

Inc., Chicago, IL, USA). Independent student t-test for contin-

uous variables, chi-square test or Fisher’s exact test for nomi-

nal variables and Mann-Whitney U test for non-parametric 

variables were used. Multivariate models were generated by bi-

nary logistic regression model or Cox’s proportional hazard 

model, which were adjusted for age, gender, GCS score, systolic 

blood pressure, pulse rate, craniotomy or craniectomy, throm-

bolysis (IS), extraventricular drainage (ICH, SAH), hematoma 

aspiration (ICH), endovascular coiling (SAH). Odds ratio 

(OR) for unfavorable outcome, hazard ratio (HR) for 7-day 

mortality, 30-day mortality and in-hospital mortality and 95% 

confidence interval (CI) were used. All p-values ≤0.05 were 

considered as “statistically significant”. 

RESULTS

Of the 11347 stroke subjects included, off-hour hospital pre-

sentation was more frequent than working hours (59.5% vs. 

40.5%); 4319 (58.0%) in IS, 1504 (62.0%) in ICH, and 933 

(63.0%) in SAH, respectively. Table 1 shows baseline data of 

11347 stroke subjects according to subtypes from 26 hospitals 

Table 1. Baseline data of 11347 stroke subjects from 26 hospitals of wide regional or regional emergency medical centers in Korea

IS ICH SAH

Off hours 
(n=4319)

Working 
hours 

(n=3122)
p-value

Off hours 
(n=1504)

Working 
hours 

(n=920)
p-value

Off hours 
(n=933)

Working 
hours 

(n=549)
p-value

Age (years) 68.0±12.4 68.6±12.0 0.032 62.6±13.7 62.9±13.6 0.602 56.7±13.2 58.2±13.7 0.059

Male 2399 (55.5) 1793 (57.3) 0.101 768 (51.1) 496 (53.9) 0.173 340 (36.4) 196 (35.7) 0.775

Female 1921 (44.5) 1329 (42.6) 736 (48.9) 424 (46.1) 593 (63.6) 353 (64.3)

Medical history

Hypertension 2518 (58.3) 1813 (58.1) 0.843 768 (51.1) 423 (46.0) 0.015 354 (37.9) 198 (36.1) 0.471

Diabetes 1050 (24.3) 814 (26.1) 0.083 235 (15.6) 140 (14.6) 0.594 64 (6.9) 40 (7.3) 0.756

Heart diseases 741 (17.2) 529 (16.9) 0.810 104 (6.9) 39 (4.2) 0.007 27 (2.9) 24 (4.4) 0.132

CVA 724 (16.8) 485 (15.5) 0.156 205 (13.6) 112 (12.2) 0.302 47 (5.0) 27 (4.9) 0.919

Admission routs

Direct ER 2917 (67.5) 1981 (63.5) <0.001 868 (57.7) 530 (57.6) 0.017 373 (40.0) 223 (40.6) 0.119

Transfer from other 
hospitals

1378 (31.9) 1019 (32.6) 633 (42.1) 381 (41.4) 557 (59.7) 320 (58.3)

Refer from OPD 20 (0.5) 118 (3.8) 2 (0.1) 9 (1.0) 2 (0.2) 6 (1.1)

Others 4 (0.1) 4 (0.1) 1 (0.1) 0 (0.0) 1 (0.1) 0 (0.0)

Values are presented as mean±standard deviation or number (%). IS : ischemic stroke, ICH : intracerebral hemorrhage, SAH : subarachnoid hemorrhage, 
CVA : cerebrovascular accident, ER : emergency department, OPD : outpatient department 
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of wide regional or regional emergency medical centers in Ko-

rea.

In patients with IS, off-hour hospital presentation had sig-

nificantly more elderly patients ≥65 years (35.4% off hours vs. 

32.1% working hours, p=0.029) and significantly more fre-

quent intensive care unit (ICU) admission (32.5% off hours 

vs. 29.9% working hours, p=0.017) than in working hours. 

However, we could not observe delay by time to emergency 

room (ER), inter-hospital transfer and ER stay in patients with 

off-hour admission. There were also no significant differences 

between off hours and working hours in other medications or 

treatments including anti-platelets (74.0% off hours vs. 73.2% 

working hours, p=0.443), anti-coagulants (28.7% off hours vs. 

27.1% working hours, p=0.132), vessel recanalization (14.5% 

off hours vs. 14.1% working hours, p=0.675) and decompres-

sive surgery. In patients with off-hour admission, we did not 

detect meaningful abandonment of treatment (2.5% off hours 

vs. 2.4% working hours, p=0.807) or significant contraindica-

tion of vessel recanalization including risk of hemorrhage 

(3.4% off hours vs. 3.3% working hours, p=0.822), bleeding 

tendency (2.2% off hours vs. 1.8% working hours, p=0.261) 

and uncontrolled hypertension (0.7% off hours vs. 0.5% 

working hours, p=0.240). In patients admitted with ICH, off-

hour hospital presentation had significantly lower GCS scores 

(13 off hours vs. 14 working hours, p=0.024) than those in 

working hours. However, we did not discover significant dif-

ferences between off hours and working hours in surgical pro-

cedures including hematoma aspiration (9.3% off hours vs. 

8.9% working-hours, p=0.743), extra-ventricular drainage 

(17.5% off hours vs. 16.1% working hours, p=0.373) and de-

compressive surgery. In subjects with SAH, off-hour admis-

sion had significantly longer ER stay (5.0 hours off hours vs. 

Table 2. Clinical characteristics of o�-hour hospital presentation in di�erent subtypes of acute stroke

IS ICH SAH

Off hours 
(n=4319)

Working 
hours 

(n=3122)
p-value

Off hours 
(n=1504)

Working 
hours 

(n=920)
p-value

Off hours 
(n=933)

Working 
hours 

(n=549)
p-value

Age, ≥65 years 1492 (35.4) 1003 (32.1) 0.029 789 (52.5) 478 (52.0) 0.810 657 (70.4) 373 (67.9) 0.317

Time to ER (hours) 1.0±1.0 2.7±0.9 0.218 3.6±5.0 4.2±6.0 0.003 1.0±39.0 2.0±43.5 0.637

Transfer from other 
hospitals

1378 (31.9) 1019 (32.6) 0.504 633 (42.1) 381 (41.4) 0.744 557 (59.7) 320 (58.3) 0.593

ER stay (hours) 5.8±17.7 6.0±7.0 0.672 5.4±8.1 4.9±9.1 0.124 557±59.7 320±58.3 0.593

Systolic BP (mmHg) 152.2±29.7 150.3±28.8 0.004 166.9±37.4 165.4±35.4 0.326 149.7±41.2 149.4±38.1 0.883

Pulse rate (beats/m) 79.9±20.4 79.2±21.7 0.186 81.9±18.2 82.1±17.2 0.803 79.8±20.4 79.6±19.3 0.862

Motor weakness 1726 (40.0) 1264 (40.5) 0.649 676 (44.9) 404 (43.9) 0.619 57 (6.1) 40 (7.3) 0.376

Consciousness levels 

Alert 3263 (75.5) 2374 (76.0) 0.442 653 (44.3) 427 (46.4) 0.184 485 (52.0) 296 (53.9) 0.414

Verbal response 689 (16.0) 499 (16.0) 369 (24.5) 333 (25.3) 156 (16.7) 100 (18.2)

Painful response 335 (7.8) 235 (7.5) 373 (24.8) 209 (22.7) 181 (19.4) 88 (16.0)

Unresponsive 32 (0.7) 14 (0.4) 109 (7.2) 51 (5.5) 111 (11.9) 65 (11.8)

GCS, median (Q1,Q3) 15 (14,15) 15 (14,15) 0.609 13 (8,15) 14 (9,15) 0.024 14 (8,15) 14 (9,15) 0.217

GCS ≤8 275 (6.4) 188 (6.0) 0.543 420 (27.9) 222 (24.1) 0.040 259 (27.8) 136 (24.8) 0.209

CT scan 3100 (71.8) 2174 (69.6) 0.045 1331 (88.5) 806 (87.6) 0.511 820 (87.9) 480 (87.4) 0.796

MRI scan 3633 (84.1) 2567 (82.2) 0.031 155 (10.3) 123 (13.4) 0.022 82 (8.8) 52 (9.5) 0.658

Admission to ICU 1403 (32.5) 933 (29.9) 0.017 559 (37.2) 380 (41.3) 0.042 867 (92.9) 501 (91.3) 0.244

Decompressive surgery 59 (1.4) 35 (1.1) 0.350 195 (13.0) 135 (13.7) 0.234 320 (34.3) 182 (33.2) 0.652

Values are presented as mean±standard deviation or number (%) unless otherwise indicated. IS : ischemic stroke, ICH : intracerebral hemorrhage, SAH : 
subarachnoid hemorrhage, ER : emergency room, BP : blood pressure, GCS : Glasgow coma scale score, CT : computed tomography, MRI : magnetic 
resonance imaging, ICU : intensive care unit 
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4.4 hours working hours, p=0.038) than that in working 

hours. However, there were no significant differences between 

off hours and working hours in endovascular coiling (42.8% 

off hours vs. 46.1% working hours, p=0.214), surgical clipping 

(34.3% off hours vs. 33.2% working hours, p=0.652), extra-

ventricular drainage (18.8% off hours vs. 15.5% working 

Table 3. Clinical outcomes of o�-hour hospital presentation in di�erent subtypes of acute stroke

IS ICH SAH

Off hours 
(n=4319)

Working 
hours 

(n=3122)
p-value

Off hours 
(n=1504)

Working 
hours 

(n=920)
p-value

Off hours 
(n=933)

Working 
hours 

(n=549)
p-value

Discharge outcomes 

Normal discharge 3127 (72.4) 2389 (76.5) 0.004 748 (49.7) 485 (52.7) 0.431 565 (60.6) 324 (59.0) 0.394

Transfer to other hospitals 828 (19.2) 529 (16.9) 438 (29.1) 257 (27.9) 135 (14.5) 100 (18.2)

Hopeless discharge 4 (0.1) 4 (0.1) 8 (0.5) 1 (0.1) 4 (0.4) 2 (0.4)

Self-discharge 97 (2.2) 59 (1.9) 34 (2.3) 19 (2.1) 18 (1.9) 12 (2.2)

In-hospital mortality 230 (5.3) 121 (3.9) 0.004 263 (17.5) 148 (16.1) 0.373 203 (21.8) 109 (19.9) 0.385

Hospital stay (days) 15.8±23.0 16.0±23.9 0.649 29.4±36.6 30.9±40.0 0.345 31.9±40.7 30.8±35.8 0.595

Not discharged to home* 1058 (24.5) 650 (20.8) <0.001 701 (46.6) 405 (44.6) 0.215 338 (36.2) 209 (38.1) 0.478

Unfavorable outcomes† 1062 (24.6) 654 (20.9) <0.001 709 (47.1) 406 (44.1) 0.149 342 (36.7) 211 (38.4) 0.494

Severe disability‡ 1203 (27.9) 808 (25.9) 0.059 809 (53.8) 481 (52.3) 0.470 418 (44.8) 229 (41.7) 0.247

7-day mortality 135 (3.1) 80 (2.6) 0.152 148 (9.8) 69 (7.5) 0.050 97 (10.4) 50 (9.1) 0.423

30-day mortality 208 (4.8) 111 (3.6) 0.008 245 (16.3) 134 (14.6) 0.257 194 (20.8) 98 (17.9) 0.169

Values are presented as mean±standard deviation or number (%). *Not discharge to home means transfer to other hospitals or death. †Unfavorable 
outcomes means transfer to other hospitals, hopeless discharge or death. ‡Severe disability means motor weakness, grade 1, 2 or death at discharge. IS : 
ischemic stroke, ICH : intracerebral hemorrhage, SAH : subarachnoid hemorrhage

Table 4. Unadjusted and adjusted odds ratios or hazard ratios of o�-hour admission in di�erent subtypes of acute stroke

IS ICH SAH

Unfavorable outcomes*

Unadjusted 1.230 (1.102–1.374)† 1.129 (0.957–1.331) 1.079 (0.868–1.341)

Adjusted 1.244 (1.106–1.400)† 1.070 (0.894–1.280) 1.199 (0.927–1.553)

7-day mortality

Unadjusted 1.246 (0.945–1.643) 1.326 (0.996–1.764) 1.142 (0.812–1.607)

Adjusted 1.210 (0.917–1.596) 1.128 (0.846–1.504) 1.094 (0.772–1.550)

30-day mortality

Unadjusted 1.365 (1.084–1.719)† 1.140 (0.923–1.407) 1.172 (0.918–1.493)

Adjusted 1.359 (1.079–1.712)† 1.504 (0.853–1.302) 1.200 (0.938–1.536)

In-hospital mortality

Unadjusted 1.391 (1.116–1.733)† 1.111 (0.908–1.359) 1.098 (0.870–1.386)

Adjusted 1.402 (1.124–1.747)† 1.042 (0.851–0.276) 1.133 (0.895–1.436)

Values are presented as odds ratio (or hazard ratio) (95% confidence interval). Multivariate models were generated by binary logistic regression model 
for unfavorable outcome and Cox proportional hazard model for 7-day mortality, 30-day mortality, in-hospital mortality and were adjusted for age, 
gender, Glasgow coma scale score, systolic blood pressure, pulse rate, craniotomy or craniectomy, intravenous or intra-arterial thrombolysis (IS), 
extraventricular drainage (ICH, SAH), hematoma aspiration (ICH), endovascular coiling (SAH). *Unfavorable outcomes means transfer to other hospitals, 
hopeless discharge and in-hospital mortality. †p-value <0.05. IS : ischemic stroke, ICH : intracerebral hemorrhage, SAH : subarachnoid hemorrhage
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hours, p=0.156) and decompressive surgery. Table 2 shows 

clinical characteristics of off-hour hospital presentation in dif-

ferent subtypes of acute stroke.

Overall in-hospital mortality of acute stroke was 1074 

(9.5%). Those of subtypes of stroke were 351 (4.7%) for IS, 448 

(17.6%) for ICH, and 370 (23.3%) for SAH. Overall in-hospital 

mortality of acute stroke in patients with off-hour admission 

was significantly higher than that in working hours (10.3% off 

hours vs. 8.2% working hours, p<0.001). In patients admitted 

with IS, off-hour hospital presentation resulted in significantly 

more frequent unfavorable outcome, not discharge to home, 

30-day mortality and in-hospital mortality than those in 

working hours, but not in subjects with ICH and SAH. Table 

3 shows clinical outcomes of off-hour hospital presentation in 

different subtypes of acute stroke.

In patients with IS, off-hour admission was associated with 

unfavorable outcome (OR, 1.244; 95% CI, 1.106–1.400), 30-

day mortality (HR, 1.359; 95% CI, 1.079–1.712) and in-hospi-

tal mortality (HR, 1.402; 95% CI, 1.124–1.747) even after ad-

justment for compounding risk factors. Off-hour hospital 

presentation increased death at discharge by about 40% in pa-

tients with IS. However, off-hour admission was not related to 

worse outcomes in subjects with ICH and SAH. Table 4 shows 

unadjusted and adjusted OR or HR of off-hour hospital pre-

sentation in different subtypes of acute stroke.

DISCUSSION

This study demonstrated that off-hour hospital presentation 

was associated with increased short-term morbidity and mor-

tality in patients with IS in Korea and death at discharge was 

increased by about 40% in off hours than in working hours, 

but that was not related to poor outcome in subjects with ICH 

and SAH. Also, off-hour admission had more elderly and 

more frequent ICU admission than working hours.

Several observational studies have assessed the ‘off-hour ef-

fect’ in patients with IS. Prior studies have reported incoherent 

results on whether off-hour admission is associated with 

worse outcome after IS5,22,24,28) or not4,10,13,15,19,27,29). In a retro-

spective study of 26676 IS subjects from the Hospital Morbid-

ity Database of 606 hospitals in Canada, Saposnik et al.25) re-

ported that weekend admission was associated with early 

mortality, which was similarly observed among subjects pre-

sented to urban versus rural medical centers or specialist ver-

sus a general practitioner. Similarly, in the analysis of the Get 

With The Guidelines (GWTG)-Stroke program data of 187669 

IS patients from 857 hospitals in America, Reeves et al.24) 

showed that off-hour hospital presentation was associated 

with increased mortality, but the effect was very small. Since 

then, a retrospective cohort study of 82219 IS patients from 

115 Dutch hospitals reported that weekend admission was re-

lated to an increase of 7-day mortality for IS patients, which is 

due to an underlying off-hour risk present during the week 

days22). A prospective database of Stroke Improvement Na-

tional Audit Programme of 45726 stroke subjects of 130 hos-

pitals in England, Campbell et al.4) reported that weekend 

hospital presentation was associated with higher 30-day mor-

tality. They suggested that unevenness in the use of stroke 

management during working hours as well as during off hours 

was common in contemporary England, but the impact on 

mortality is small and largely due to higher disease severity in 

patients presented during off hours. Recently, Korean nation-

wide claims data of 8957 IS subjects revealed that weekend ad-

mission was significantly associated with higher 30-day mor-

tality5).

On contrary, a retrospective cohort study of 51643 prospec-

tive data from 23 ICUs in the Paris metropolitan area dis-

closed that off-hour presentation was not related to higher 

death rate18). A study of the Nationwide Inpatient Sample 

(NIS) Database of 599087 IS patients showed that there is a 

slight off-hour effect on thrombolysis and length of stay, but 

no association with higher mortality10). A Korean study of 

7075 IS patients of tertiary hospitals from the Clinical Re-

search Center for Stroke registry-5 reported that off-hour ad-

mission was not associated with an unfavorable 3-month 

functional outcome and off-hour effect might be controlled 

with well-organized stroke management strategies15).

These discrepancies across previous studies might be result-

ed from differences in the health care system including the 

availability of specialized stroke units4,25), and the number of 

stroke physician28) during off-hour time. On the other hand, 

Nationwide Survey of Acute Stroke Care Capacity for Proper 

Designation of Comprehensive Stroke Center in Japan study 

of 35685 subjects from 262 hospitals for IS, ICH, or SAH re-

ported that the effects of off-hour presentation were disap-

peared after adjustment for consciousness level on admis-

sion13). They suggested that well-known off-hour effect might 
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be attributed to the severely ill patient population during off 

hours. However, in this study, off-hour hospital presentation 

had significant impact on short-term mortality in patients 

with IS even after adjusting for outcome co-variates including 

consciousness level. Like most previous studies2,9,14,31), we re-

vealed no significant differences on clinical outcomes of IS 

going through delay of hospital presentation and treatment 

delay for intravenous or intra-arterial thrombolysis or surgery 

during ER stay between off hours and working hours. Howev-

er, in this study, age ≥65 years and ICU admission after IS 

were even higher during off hours. This data implies that 

worse outcome might be attributed to old age or the severity of 

other medical illness apart from the severity of stroke during 

off hours in patients presented with IS.

Among the previous studies of ICH, early two studies of a 

retrospective cohort study of 13821 subjects of NIS7) and anal-

ysis of the GWTG-Stroke program data of 34845 acute hem-

orrhagic stroke24) showed the association between off-hour 

hospital presentation and higher short-term mortality, but 

most of studies have ever reported no off-hour effect in pa-

tients with ICH6,20,21,26,32). The Intensive Blood Pressure Reduc-

tion in Acute Cerebral Hemorrhage Trial of 2794 subjects dis-

closed off-hour hospital presentation was not related to higher 

mortality or morbidity in subjects with acute ICH26). Strict 

blood pressure control can give rise to similar therapeutic ef-

fect irrespective of admission hours26,30). Furthermore, a recent 

study from the Universitätsklinikum Erlangen Cohort of Pa-

tients With Spontaneous Intracerebral Hemorrhage registry 

of 1269 subjects suggested an off-hour effect in ICH is associ-

ated with functional outcome rather than death rate21). In this 

study, 7-day mortality was significantly higher in off hours 

than in working hours, but it disappeared after adjustment of 

compounding variables. Like most of prior studies, we could 

not detect an association between off-hour hospital presenta-

tion and clinical outcomes although the subjects admitted 

with ICH had even higher severe neurological deficit and 

more ICU admission during off hours.

The previous studies of SAH, the other constituents of hem-

orrhagic stroke, have yielded inconsistent findings on the im-

pact of off-hour hospital presentation on clinical outcomes. 

Most of early previous studies have reported no association 

between off-hour hospital presentation and worse outcome in 

patients with SAH6,23,32). However, recent two studies of SAH 

suggested a relationship between off-hour hospital presenta-

tion and worse outcome in patients with SAH. A prospective 

study of 285 aneurysmal SAH from 12 large regional hospitals 

of the northwest of England reported higher short-term mor-

tality of subjects with SAH, but there were no off-hour effects 

on long-term mortality8). Another retrospective cohort data of 

54703 SAH from NIS12) showed higher in-hospital mortality 

in SAH patients with weekend hospital presentation. In this 

study, there were no significant differences in clinical charac-

teristics, severity of disease and treatments of SAH between 

off hours and working hours. We did not find an association 

between off-hour hospital presentation and clinical outcomes 

in subjects with SAH. 

This study has several limitations. First, NEDIS data covers 

only non-capital area of Korea excluding a metropolitan area 

of Seoul-Incheon-Gyeonggi districts. Hence, the mortality of 

acute stroke could be overestimated due to greater quality lev-

el and accessibility of emergency medical centers of Seoul-

Incheon-Gyeonggi districts. Second, this NEDIS data is some-

what out of date and may be different from current medical 

conditions. Third, NEDIS database has some limited data on 

different diseases of acute stroke. It has no contents of Nation-

al Institutes of Health Stroke Scale, individual subjects’ treat-

ment, complications and causes of death. This limited infor-

mation made it difficult for us to find an accurate cause about 

why this results occur.

CONCLUSION

This study suggests that off-hour hospital presentation may 

be associated with poor short-term morbidity and mortality 

in patients with IS, but that is not likely to be related to poor 

outcome in subjects with ICH and SAH. Excessive death 

seems to be attributed to old age or the higher severity of 

medical illnesses apart from that of stroke of patients admit-

ted during off hours. Multidisciplinary management for el-

derly or frequent medical illnesses during off hours is impor-

tant to improve clinical outcome of acute stroke. Further 

multicenter prospective study is required to investigate a rela-

tionship between off-hour hospital presentation and long-

term outcome in patients with acute stroke.
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