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INTRODUCTION

The prevalence of acute myocardial infarction (AMI) is grad-
ually increasing, which contributes to a high proportion of 
socioeconomic problems. This condition is recognized as an 
emergent medical situation. In particular, ST-elevation myo-
cardial infarction (STEMI) is an emergency requiring primary 
percutaneous coronary intervention (PCI) of the infarct-re-
lated arteries [1]. Moreover, timely PCI is considered to be 
the cornerstone of the treatment strategy for AMI, including 
STEMI.

It is important to determine whether the efficacy of PCI in 
AMI during off-hours is comparable to that during on-hours. 
In a literature review, we found articles on the difference 
between on and off-duty PCI. Some studies reported that 
AMI had worse clinical outcomes when it occurred during 
off than on-hours [2,3]. In contrast, other reports showed 
no significant differences in the clinical outcomes between 
on-hours and off-hours [4-6]. In addition to clinical studies 
on the overall AMI population, controversial results have 
been reported in comparative studies among STEMI patients 
[7-10]. Hence, it is still contentious whether off-hours pre-
sentation is indeed different from on-hours presentation in 
terms of clinical outcomes among STEMI patients. Further-
more, there is a paucity of clinical studies concerning the 
outcomes in patients with STEMI undergoing primary PCI 

in relation to the time of visit to the hospital in the Republic 
of Korea.

Therefore, in this study, we aimed to investigate the rela-
tion between time of hospital visit and clinical outcomes in 
patients with STEMI undergoing primary PCI from the Re-
public of Korea.

METHODS

Study population
The clinical information on study population was extracted 
from the Korea Acute Myocardial Infarction Registry-Nation-
al Institutes of Health (KAMIR-NIH) registry, a nationwide, 
multicenter, and online-based observational cohort study. 
The KAMIR-NIH is also a prospective registry that gradually 
enrolled AMI patients from about 20 major cardiovascular 
centers eligible for primary PCI from 2011 to 2015. The reg-
istry contains data on characteristics and clinical outcomes 
of Korean patients with AMI, reflecting the prognostic and 
surveillance indexes. These data were collected by an at-
tending physician and trained clinical research coordinators 
using an online-based case report form in a clinical data 
management system. The study protocol for the KAMIR-NIH 
was previously published and approved by the ethics com-
mittee of each participating institution [11].

Background/Aims: Rapid percutaneous coronary intervention (PCI) is the cornerstone of treatment for ST-elevation myo-
cardial infarction (STEMI). However, there have been conflicting results regarding the differences in clinical outcomes be-
tween on-hours and off-hours presentation in STEMI patients. We aimed to examine the difference in long-term outcomes 
between off-hours and on-hours PCI in patients with STEMI.
Methods: The characteristics and clinical outcomes of 5,364 STEMI patients between November 2011 and June 2015 from 
the Korea Acute Myocardial Infarction Registry-National Institutes of Health (KAMIR-NIH) registry were analyzed. Patients 
were divided into two groups: the off-hours group (weekdays from 6:01 PM to 7:59 AM, weekends, and legal holidays) and 
the on-hours group (weekdays from 8:00 AM to 6:00 PM). Major adverse cardiac and cerebrovascular events (MACCEs) were 
defined as a composite of all-cause mortality, non-fatal myocardial infarction, any revascularization, cerebrovascular accident, 
and stent thrombosis. The primary endpoint was the occurrence of MACCEs, and all other clinical outcomes were analyzed.
Results: A total of 3,119 patients (58.1%) underwent primary PCI due to STEMI during off-hours and 2,245 patients (41.9%) 
during on-hours. At 36 months, the clinical outcomes of the off-hours group were similar to those of the on-hours group in 
both the unadjusted and propensity score weighting-adjusted analyses.
Conclusions: Our analysis revealed that the long-term outcomes in STEMI patients admitted to hospitals during off-hours 
were similar to outcomes of those admitted during on-hours.
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In this large-scale registry, 13,104 AMI patients were 
initially screened. Among them, 6,325 patients present-
ing with a final diagnosis of STEMI were selected and their 
data were extracted. We excluded the following patients: 
(1) those who had previous myocardial infarction; (2) those 
who died during the index hospitalization or were hope-
lessly discharged; (3) those who received no revasculariza-
tion strategy or a failed PCI; (4) those who were treated by 
thrombolysis; and (5) those with missing data. Finally, a total 
of 5,364 patients constituted the study population. These 
patients were divided into two groups according to the 
timing of hospital visit for PCI of the infarct-related artery 
(namely, the off-hours group versus the on-hours group). 
They were followed up by outpatient visits at regular inter-
vals. The study design is summarized in Fig. 1. 

This study was conducted in accordance with the ethical 
standards of the World Medical Association’s Declaration of 
Helsinki (revised in 2013) [12]. The study protocol of the 
KAMIR-NIH registry was also approved by the ethics com-
mittee of each participating center (IRB No. CNUH-2021-
372). Written informed consent was obtained from all the 
enrolled patients.

Definition and clinical endpoints
STEMI was diagnosed and treated according to the most 
contemporary guidelines [1] and was defined as a new-on-
set ST-segment elevation in at least two continuous leads, 
measuring > 0.2 mV in precordial leads V1–3 or 0.1 mV 
in all other leads on 12-lead electrocardiography, with a 
concomitant rise or fall in cardiac biomarker levels (name-
ly, troponin-I). First medical contact (FMC) was defined as 
the time at which the medical personnel arrived to support 
the AMI patient [1,13]. During FMC, there were two cases 
in which emergency medical service (EMS) was used and 
two in which it was not used. The patients with no EMS 
use were divided into two groups (first immediate visit to a 
PCI-capable center or to a PCI-incapable center). Total isch-
emic time (TIT) was defined as the time from the onset of 
angina to the first balloon inflation during the primary PCI.

All STEMI patients enrolled in our clinical study were di-
vided into the on-hours group and the off-hours group ac-
cording to the day and time of visit to the hospital. Based 
on the conventional working schedules of many hospitals 
in the Republic of Korea, regular hours (on-hours) were de-
fined as weekdays from 8:00 AM to 6:00 PM. Off-hours 
were defined as weekdays from 6:01 PM to 7:59 AM, all 
weekends (Saturday and Sunday), and all public holidays in 
the Republic of Korea.

All the demographic and clinical characteristics of the pa-
tients with STEMI were recorded. Left ventricular ejection 
fraction (LVEF) was evaluated using two-dimensional echo-
cardiography. Creatinine clearance (CrCl) was calculated us-
ing the Cockcroft-Gault formula [14]. Body mass index was 
measured using the patient’s weight and height. Angio-
graphic and procedural characteristics were also recorded. 

Image-guided PCI was defined as the use of optical co-
herence tomography or intravascular ultrasound during the 
primary PCI. Infarct-related artery referred to an epicardial 
coronary vessel that was blocked or stenosed by an ath-
eromatous or thrombotic pathologic process and was di-
rectly responsible for acute coronary syndrome. The degree 
of coronary flow was quantitatively classified according to 
Thrombolysis in Myocardial Infarction (TIMI) flow grade [15].

 Clinical follow-up was performed for 36 months after the 
commencement of the study. The primary outcome was the 
occurrence of major adverse cardiac and cerebrovascular 
events (MACCEs). MACCEs refer to a collection of all-cause 
mortality (cardiac and non-cardiac death), non-fatal myocar-
dial infarction (NFMI), any revascularization (any re-do PCI 

13,104 AMI patients from KAMIR-NIH registry
(November 2011 to Decomber 2015)

6,325 STEMI patients

5,364 Patients included

3,119 Off-hours admission 2,245 On-hours admission

961 Exclusion criteria
Prior myocardial infarction
In-hospital decease or hopeless discharge
No any revascularization, or failed PCI 
Thrombolysis
Missing data

Figure 1. Study population flow chart. Patients with ST-eleva-
tion myocardial infarction (STEMI) were enrolled and divided 
into two groups (an off-hours group and an on-hours group) in 
accordance with the time of hospital visit. AMI, acute myocar-
dial infarction; KAMIR-NIH, Korea Acute Myocardial Infarction 
Registry-National Institute of Health; PCI, percutaneous coro-
nary intervention. 
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or coronary artery bypass graft), cerebrovascular accident 
(CVA), and stent thrombosis (ST). The secondary outcomes 
were the occurrence of net adverse clinical events (NACEs), 
all-cause mortality, cardiac and non-cardiac death, NFMI, 
any revascularization, CVA, and ST. NACEs refer to a com-
posite of cardiac death, NFMI, and any revascularization.

Statistical analysis
Statistical analysis was performed to evaluate the differenc-
es in clinical outcomes between the two groups according 
to the time and date of hospital visit. Continuous variables 
are expressed as mean ± standard deviation and were ana-
lyzed using Student’s t test. Discrete (categorical) variables 
are described as percentages with numbers and were ana-
lyzed using Pearson’s chi-square test or Fisher’s two-by-two 
exact test. All results were statistically significant at a p value 
< 0.05. 

To reduce the effect of selection bias in this analysis of 
observational data, a propensity score weighting method 
known as the inverse probability of treatment weighting 
(IPTW) was used. The propensity score was constructed 
by a multiple logistic regression model using a total of 35 
covariates (sex, age ≥ 65 years, FMC [EMS, PCI-capable 
center, and PCI-incapable center], TIT ≥ 12 hours, onset-to-
door time [O2DT] ≥ 4 hours, door-to-balloon time [D2BT] ≥ 
90 minutes, pulse pressure ≥ 40 mmHg), previous history 
(hypertension, diabetes mellitus, dyslipidemia, prior angi-
na, prior heart failure, prior CVA), smoking (current smok-
er or ex-smoker, and non-smoker), family history of CAD, 
CrCl < 60 mL/min/1.73 m2, LVEF < 40%, discharge medi-
cations (aspirin, P2Y12 inhibitor, calcium channel blocker, 
beta-blocker, angiotensin converting enzyme inhibitor or 
angiotensin receptor blocker, and statin), and angiographic 
characteristics (use of transfemoral approach, glycoprotein 
IIb/IIIa inhibitor, thrombus aspiration, image-guided PCI [use 
of intravascular ultrasound or optical coherence tomogra-
phy], anatomical site of the infarct-related artery [culprit 
vessel], and preprocedural TIMI flow grade). Patients who 
had any missing data in these covariates or those with a 
follow-up period after hospital discharge of 0 days were ex-
cluded from the analysis with IPTW adjustment.

The analysis of cumulative events was performed using 
time-to-event data with the Kaplan-Meier method. Survival 
curves were compared using the log-rank test. Patients were 
censored at the time of the event or at the final follow-up. 
Kaplan-Meier curves were plotted for the time of occur-

rence of clinical outcomes. All analyses were performed us-
ing SPSS version 25.0 (IBM Co., Armonk, NY, USA).

RESULTS

Baseline clinical and procedural characteristics
In our study, 5,364 consecutive patients with confirmed 
STEMI diagnosis were included in the analysis. Among them, 
2,245 patients (41.9%) were admitted during on-hours, 
and 3,119 (58.1%) during off-hours (Fig. 1). In terms of 
baseline clinical characteristics (Table 1), the off-hours group 
had a higher proportion of male patients (79.5% [2,480] 
vs. 77.3% [1,735], p = 0.050), a lower proportion of older 
patients (40.6% [1,266] vs. 47.3% [1,063], p < 0.001) and 
a higher proportion of EMS use (21.8% [681] vs. 15.3% 
[343], p < 0.001) than the on-hours group. The off-hours 
group presented earlier with a lower proportion of TIT ≥ 12 
hours (13.4% [418] vs. 22.5% [505], p < 0.001) and O2DT 
≥ 4 hours (28.7% [895] vs. 39.6% [888], p < 0.001) than 
the on-hours group. The proportion of pulse pressure ≥ 40 
mmHg was higher in the on-hours group (81.1% [2,498] 
vs. 83.3% [1,842], p = 0.037), and it showed worse kidney 
function with higher proportion of CrCl < 60 mL/min/1.73 
m2 than the off-hours group (25.6% [777] vs. 30.3% [666], 
p < 0.001). In terms of procedural characteristics (Table 2), 
no significant differences were observed between the two 
groups. After IPTW adjustment, some differences in base-
line clinical and procedural characteristics were well bal-
anced between two groups (Tables 1 and 2).

Long-term follow-up clinical outcomes
The median follow-up period in the overall study popula-
tion was 1,092 days, and the median follow-up periods 
were 1,091 days in the off-hours group and 1,093 days in 
the on-hours group. We summarized the clinical outcomes 
during the 3-year follow-up. The clinical outcomes were 
determined, including MACCE, NACE, all-cause mortality, 
cardiac and non-cardiac death, NFMI, any revascularization, 
CVA, and ST (Table 3). Kaplan-Meier analysis was used to 
depict the unadjusted and IPTW-adjusted survival curves 
(Figs. 2 and 3). Before and after IPTW adjustment, there 
were no significant differences in any clinical outcomes be-
tween the on- and off-hours groups. 
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Table 1. Baseline characteristics of the patients 

Characteristic

Before propensity score weighting After propensity score weighting

Off-hours group
(n = 3,119)

On-hours group
(n = 2,245)

p value
Off-hours group

(n = 4,758)
On-hours group

(n = 4,773)
p value

Male patients 2,480 (79.5) 1,735 (77.3) 0.050 3,726 (78.3) 3,733 (78.2) 0.943

Age, yr 61.41 ± 12.64 63.19 ± 12.66 < 0.001 61.94 ± 12.70 62.12 ± 12.59 0.626

Age ≥ 65 years 1,266 (40.6) 1,063 (47.3) < 0.001 2,039 (42.9) 2,048 (42.9) 0.974

First medical contact < 0.001 0.975

Emergency medical service 681 (21.8) 343 (15.3) 889 (18.7) 885 (18.6)

No emergency medical 
 service

2,438 (78.2) 1,902 (84.7) 3,869 (81.3) 3,888 (81.4)

PCI-capable center 900 (28.9) 598 (29.6) 1,310 (27.5) 1,329 (27.8)

PCI-incapable center 1,538 (49.3) 1,304 (58.1) 2,559 (53.8) 2,559 (53.6)

Total ischemic time ≥ 12 hr 418 (13.4) 505 (22.5) < 0.001 799 (16.8) 802 (16.8) 0.983

Total ischemic time, hr 9.56 ± 32.70 16.50 ± 53.98 < 0.001 10.59 ± 31.68 13.06 ± 48.29 0.036

Onset-to-door time, min 444.79 ± 
1,723.64

835.97 ± 
2,554.58

< 0.001 506.80 ± 
1,648.81

638.12 ± 
2,166.64

0.017

Onset-to-door time ≥ 4 hr 895 (28.7) 888 (39.6 ) < 0.001 1,566 (32.9) 1,569 (32.9) 0.978

Door-to-balloon time, min 158.23 ± 752.62 182.89 ± 1709.53 0.522 157.66 ± 764.92 174.12 ± 1,655.81 0.658

Door-to-balloon time 
 ≥ 90 min

375 (12.0) 238 (10.6) 0.106 525 (11.0) 530 (11.1) 0.941

Pulse pressure, mmHg 49.70 ± 16.10 49.88 ± 16.39 0.688 49.67 ± 15.78 49.58 ± 16.41 0.848

Pulse pressure ≥ 40 mmHg 2,498 (81.1) 1,842 (83.3) 0.037 3,920 (82.4) 3,935 (82.4) 0.959

Killip functional classification 0.341 0.732

Killip functional class I 2,491 (79.9) 1,795 (80.0) 3,850 (80.9) 3,843 (80.5)

Killip functional class II 230 (7.4) 189 (8.4) 374 (7.9) 391 (8.2)

Killip functional class III 174 (5.6) 110 (4.9) 278 (5.8) 254 (5.3)

Killip functional class IV 224 (7.2) 151 (6.7) 256 (5.4) 284 (6.0)

Killip functional class III-IV 398 (12.8) 261 (11.6) 0.212 534 (11.2) 538 (11.3) 0.953

BMI, kg/m2 24.18 ± 3.20 24.04 ± 3.28 0.117 24.09 ± 3.22 24.12 ± 3.30 0.783

BMI ≥ 25 kg/m2 1,108 (36.5) 745 (34.0) 0.054 1,680 (35.3) 1,681 (35.2) 0.948

Previous history

Hypertension 1,411 (45.2) 1,034 (46.1) 0.552 2,165 (45.5) 2,180 (45.7) 0.906

Diabetes mellitus 706 (22.6) 552 (24.6) 0.096 1,106 (23.2) 1,106 (23.2) 0.958

Dyslipidemia 336 (10.8) 209 (9.3) 0.080 484 (10.2) 484 (10.1) 0.970

Prior angina 200 (6.4) 108 (4.8) 0.013 273 (5.7) 276 (5.8) 0.963

Prior heart failure 19 (0.6) 17 (0.8) 0.514 33 (0.7) 32 (0.7) 0.948

Prior CVA 151 (4.9) 108 (4.8) 0.954 228 (4.8) 229 (4.8) 0.990

Smoking 1,989 (65.6) 1,380 (63.0) 0.047 3,056 (64.2) 3,066 (64.2) 0.994

Family history of CAD 212 (7.0) 124 (5.7) 0.054 306 (6.4) 308 (6.5) 0.987

CrCl, mL/min/1.73 m2 82.79 ± 38.03 79.38 ± 39.61 0.002 81.86 ± 38.17 81.19 ± 39.15 0.558

CrCl < 60 mL/min/1.73 m2 777 (25.6) 666 (30.3) < 0.001 1,297 (27.3) 1,301 (27.3) 0.995

LVEF, % 50.88 ± 9.94 50.43 ± 10.22 0.109 50.87 ± 9.93 50.77 ± 10.11 0.733
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DISCUSSION

We conducted a comparative analysis of clinical outcomes 
among patients with STEMI depending on the time and 
date of hospital visit. We analyzed the data of 5,364 pa-
tients with STEMI, derived from the KAMIR-NIH registry. Our 

results showed that long-term outcomes of STEMI patients 
admitted to hospitals during off-hours were similar to those 
in patients admitted during on-hours. The off-hours group 
had a higher proportion of male patients and EMS utiliza-
tion, but a lower proportion of those aged ≥ 65 years than 
the on-hours group did.

Table 2. Procedural characteristics

Characteristic

Before propensity score weighting After propensity score weighting

Off-hours 
group

(n = 3,119)

On-hours 
group

(n = 2,245)
p value

Off-hours group
(n = 4,758)

On-hours group
(n = 4,773)

p value

Transfemoral approach 2,280 (73.1) 1,684 (75.0) 0.116 3,565 (74.9) 3,577 (75.0) 0.978 

Use of GPIIb/IIIa inhibitor 645 (20.7) 511 (22.8) 0.067 1,021 (21.5) 1,019 (21.4) 0.930

Use of thrombus aspiration 1157 (37.1) 831 (37.0) 0.952 1,768 (37.2) 1,776 (37.2) 0.971

Image-guided PCI (OCT or IVUS) 611 (19.6) 454 (20.2) 0.566 947 (19.9) 947 (19.8) 0.958

Preprocedural TIMI flow grade 0–I 2,326 (74.6) 1,662 (74.0) 0.653 3,544 (74.5) 3,557 (74.5) 0.975

Infarct-related artery (culprit vessel) 0.078 0.356

LMCA 28 (0.9) 29 (1.3) 42 (0.9) 68 (1.4)

LAD 1,640 (52.6) 1,120 (49.9) 2,503 (52.6) 2,464 (51.6)

LCX 298 (9.6) 203 (9.0) 428 (9.0) 435 (9.1)

RCA 1,153 (37.0) 893 (39.8) 1,786 (37.5) 1,806 (37.8)

Values are presented as number (%). 
GPIIb/IIIa, glycoprotein IIb/IIIa; PCI, percutaneous coronary intervention; OCT, optical coherence tomography; IVUS, intravascular ultra-
sound; TIMI, Thrombolysis in Myocardial Infarction; LMCA, left main coronary artery; LAD, left anterior descending coronary artery; LCX, 
left circumflex coronary artery; RCA, right coronary artery. 

Characteristic

Before propensity score weighting After propensity score weighting

Off-hours group
(n = 3,119)

On-hours group
(n = 2,245)

p value
Off-hours group

(n = 4,758)
On-hours group

(n = 4,773)
p value

LVEF < 40% 357 (11.7) 278 (12.7) 0.304 559 (11.8) 558 (11.7) 0.953

Discharge medications

Aspirin 3,117 (99.9) 2,245 (100.0) 0.513 4,758 (100.0) 4,773 (100.0) -

P2Y12 inhibitor 3,111 (99.7) 2,243 (99.9) 0.209 4,749 (99.8) 4,763 (99.8) 0.965

Calcium channel blocker 112 (3.6) 72 (3.2) 0.446 158 (3.3) 161 (3.4) 0.941

Beta-blocker 2,748 (88.1) 1,971 (87.8) 0.731 4,191 (88.1) 4,200 (88.0) 0.921

ACE inhibitor or ARB 2,542 (81.5) 1,848 (82.3) 0.445 3,931 (82.6) 3,946 (82.7) 0.969

Statin 2,969 (95.2) 2,151 (95.8) 0.281 4,550 (95.6) 4,563 (95.6) 0.976

Values are presented as number (%) or mean ± standard deviation. 
PCI, percutaneous coronary intervention; BMI, body-mass index; CVA, cerebrovascular accident; CAD, coronary artery disease; CrCl, cre-
atinine clearance; LVEF, left ventricular ejection fraction; ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker.

Table 1. Continued
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Although a longer revascularization time could be ex-
pected in the off-hours group, the patients admitted during 
off-hours had a significantly shorter TIT. This difference was 
mainly driven by O2DT, rather than D2BT, given that D2BT 
was similar in both groups, although the off-hours group 
had a lower proportion of patients with O2DT ≥ 4 hours. 
The similarity of proportions of D2BT ≥ 90 minutes in both 
groups indicated that each PCI-capable cardiovascular cen-
ter had a comparable performance during off- and on-hours. 
On the contrary, the difference in O2DT can be explained 
through some mechanisms. First, women often complain of 
atypical chest pain or anginal equivalents such as dyspnea, 
fatigue, general weakness, and indigestion [16]. For this 
reason, female STEMI patients are found to have significant 
pre-hospital delay with greater TIT and O2DT according to 
some published articles [17-20]. This trend may contribute 
to higher TIT in the on-hours group with higher proportion 
of female patients. Second, higher proportion of elderly pa-
tients in the on-hours group accounts for the increase in 
TIT and O2DT. Although chest pain is the most common 
presentation in AMI, elderly patients present with atypical 
chest pain or without chest pain [21], which may interfere 
with early diagnosis then contribute to facilitate pre-hospi-

tal delay. Third, this finding seems to be related to the dif-
ference in the utilization rate of EMS and transfer rates via 
other PCI-incapable centers. From a clinical study based on 
the KAMIR-NIH registry, Lee et al. [20] elucidated that EMS 
utilization was shown to be a factor that reduces O2DT. 
They also highlighted that female sex and old age (age ≥ 
65 years) were risk factors for delayed O2DT. In addition to 
that, female sex was shown to be one of predictors for EMS 
non-utilization. Thus, the on-hours group having higher 
proportion of patients aged ≥ 65 years and female patients 
demonstrated a lower EMS use with relatively higher rates 
of first immediate visit to PCI-incapable centers, thereby re-
sulting in greater TIT and O2DT. Similar trends regarding 
these disparities have been observed in some comparative 
studies from foreign countries. In a national cohort study 
in England, STEMI patients admitted during off-hours were 
younger and had higher proportion of male patients than 
those admitted during on-hours [22]. In a substudy from the 
Japanese Registry of Acute Myocardial Infarction Diagnosed 
by Universal Definition (J-MINUET) registry, patients in the 
AMI group admitted during off-hours tended to be young-
er, included more male patients, used more frequent EMS 
and showed lower O2DT but similar D2DT compared with 

Table 3. Three-year clinical outcomes in propensity score matched patients 

Outcome
Off-hours group

(n = 3,119)
On-hours group

(n = 2,245)

Unadjusted analysis IPTW-adjusted analysis

HR (95% CI)a p value HR (95% CI)b p value

MACCEc 503 (16.1) 365 (16.3) 0.985 (0.861–1.127) 0.825 1.024 (0.884–1.187) 0.749

NACE 389 (12.5) 280 (12.5) 0.995 (0.853–1.160) 0.945 1.025 (0.866–1.212) 0.777

All-cause mortality 117 (5.7) 142 (6.3) 0.888 (0.712–1.108) 0.293 1.044 (0.818–1.333) 0.730 

Cardiac death 108 (3.5) 82 (3.7) 0.941 (0.706–1.254) 0.678 1.151 (0.834–1.589) 0.393 

Non-cardiac death 69 (2.2) 60 (2.7) 0.817 (0.578–1.155) 0.252 0.916 (0.630–1.332) 0.646 

NFMI 91 (2.9) 55 (2.4) 1.184 (0.847–1.655) 0.323 1.221 (0.853–1.748) 0.275 

Any revascularization 268 (8.6) 195 (8.7) 0.982 (0.816–1.181) 0.845 0.951 (0.779–1.161) 0.621 

CVA 63 (2.0) 47 (2.1) 0.955 (0.655–1.393) 0.811 1.038 (0.678–1.592) 0.862 

ST 21 (0.7) 14 (0.6) 1.067 (0.542–2.098) 0.851 1.130 (0.549–2.327) 0.740 

Values are presented as number (%). 
IPTW, inverse probability of treatment weighting; HR, hazard ratio; CI, confidence interval; MACCE, major adverse cardiac and cerebrovas-
cular event; NACE, net adverse clinical event; NFMI, non-fatal myocardial infarction; CVA, cerebrovascular accident; ST, stent thrombosis.
aHR corresponds to the off-hours percutaneous coronary intervention (PCI) group compared with the on-hours PCI group. 
bAdjusted Cox hazard regression analysis included a variety of clinical variables, including age, sex, first medical contact, total ischemic time, 
body-mass index, prior medical history, smoking history, family history, creatinine clearance, discharge medications, transfemoral route, im-
age-guided PCI, culprit lesion, preprocedural Thrombolysis In Myocardial Infarction flow grade, and left ventricular ejection fraction. 
cMACCE is defined as a composite of all-cause mortality, non-fatal myocardial infarction, any revascularization, cerebrovascular accident, 
and stent thrombosis.
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those in the AMI group treated during on-hours [6], which 
was consistent with the respective findings in our study. 

A clinical study published in 2001 highlighted that pa-
tients presenting on weekends had worse clinical outcomes 
than those presenting on weekdays with respect to some 
serious medical disorders [23], drawing attention to the 
clinical impact of the timing of visit in case of acute med-
ical conditions such as AMI. Since then, some studies on 
the clinical impact of off-hours presentation in AMI have 
been conducted [4-6]. Several studies have underlined that 
the off-hours presentation of AMI patients was associated 
with high rates of in-hospital [2,24] and 1-month mortality 

[2,22]. This finding has also been supported by several pro-
posed assumptions, including lower possibility of timely re-
vascularization [25,26], variations in the healthcare delivery 
system between off-hours and on-hours [27,28], reduced 
hospital staff performance during off-hours [29,30], and 
unbalanced proportion of severe conditions, including car-
diac arrest or cardiogenic shock [2,25,31]. Especially, STEMI 
patients showed a longer D2BT, resulting in a low likelihood 
of timely performed PCI strategy (within 90 minutes after 
hospital admission) [2,22]. Nonetheless, because some stud-
ies on this subject have found opposite results [5,7], it has 
remained a contentious issue.
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Figure 2. Event rates of primary and secondary outcomes for all the patients after a 3-year follow-up (before inverse probability of treat-
ment weighting-adjusted analysis). The figure shows the Kaplan-Meier curves for cumulative event rates according to the timing of pri-
mary percutaneous revascularization. MACCE, major adverse cardiac and cerebrovascular event; NACE, net adverse clinical event; NFMI, 
non-fatal myocardial infarction; CVA, cerebrovascular accidents; ST, stent thrombosis.
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Traditionally, it has been believed that off-hours presenta-
tion may be associated with worse long-term results in AMI 
patients [29,31]. Nonetheless, recent studies found similar 
long-term outcomes in the off- and on-hours groups. Like-
wise, 1- or 2-year mortality rates have been reported to be 
similar in STEMI patients presenting during on-hours and 
off-hours [6-8]. Suwa et al. [6] reported that patients with 
STEMI presenting during off-hours had similar 3-year clinical 
outcomes compared with those presenting during regular 
hours. Furthermore, according to one meta-analysis, STEMI 

patients presenting during off-hours had similar short-, in-
termediate-, and long-term (at 3 to 4 years) outcomes as 
those who presented during regular hours [7].

Similar to the results of the aforementioned studies, our 
results implicate that STEMI patients admitted off-hours 
showed similar long-term outcomes to those admitted on-
hours. These clinical outcomes are presumably explained by 
multi-directional innovations in public healthcare practic-
es. After numerous studies have demonstrated the effec-
tiveness of PCI for reducing mortality in AMI patients [32], 
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Figure 3. Event rates of primary and secondary outcomes for all the patients after a 3-year follow-up (after inverse probability of treat-
ment weighting-adjusted analysis). The figure shows the Kaplan-Meier curves for cumulative event rates according to the timing of pri-
mary percutaneous revascularization. MACCE, major adverse cardiac and cerebrovascular event; NACE, net adverse clinical event; NFMI, 
non-fatal myocardial infarction; CVA, cerebrovascular accidents; ST, stent thrombosis.
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primary PCI has become the standard strategy for AMI, in-
cluding STEMI. The estimated PCI rate and the number of 
PCI-capable medical centers have increased in the last years 
in the Republic of Korea [33], with a marked increase in 
the proportion of centers capable of a PCI volume ≥ 500/
year [34]. The PCI procedure has gradually evolved from 
only balloon angioplasty through bare-metal stents to the 
use of drug-eluting stents, reducing the rate of cardiovas-
cular death [35]. Meanwhile, many randomized clinical trials 
have focused on optimization of the selection, dosage, and 
duration of antithrombotic agents. After dual antiplatelet 
therapy (DAPT) with aspirin and P2Y12 inhibitors became 
the mainstream option for the use of antithrombotic agents 
[36], ≥ 12 months of DAPT involving aspirin and clopidogrel 
was shown to be beneficial in the secondary prevention of 
ischemic events [37]. Later on, new-generation P2Y12 inhib-
itors such as ticagrelor and prasugrel were introduced, and 
novel contributions were made, including the development 
of risk-benefit scoring systems and the investigation of eth-
nic differences in terms of the safety and efficacy of these 
antithrombotic agents [38,39]. Additionally, the continuous 
implementation of veno-arterial extracorporeal membrane 
oxygenation has contributed to increase in the survival rate 
in STEMI patients [40]. These evolutionary changes may well 
explain the results of our study.

Besides our study focus on the long-term outcomes of 
STEMI patients admitted during on-hours versus off-hours, 
short-term outcomes containing in-hospital decease, hope-
less discharge, no any revascularization or failed PCI, throm-
bolysis, in-hospital complications, and supportive treatment 
are additionally investigated, which are summarized in 
Supplementary Table 1 (unlike all analyzes about long-term 
outcomes, this investigation contains all STEMI patients [n 
= 6,325] including patients excluded by the exclusion crite-
ria). The proportion of patients who underwent thromboly-
sis therapy was higher in the off-hours group (3.06% [114] 
vs. 0.58% [15], p < 0.001). The off-hours group experi-
enced higher rates of cardiogenic shock (13.74% [512] vs. 
11.96% [311], p = 0.038), ventricular tachycardia or fibril-
lation (8.27% [308] vs. 6.85% [178], p = 0.037), while the 
on-hours group had higher proportion of bleeding com-
plications (hemoglobin decrease by 5 g/dL or hematocrit 
decrease by 15 %) (1.29% [48] vs. 1.96% [51], p = 0.034). 
In terms of supportive treatment, cardiopulmonary resus-
citation was more frequent in the off-hours group (9.72% 
[362] vs. 7.81% [203], p = 0.009), whereas implantable 

cardiac defibrillator was more implanted in the on-hours 
group (0.02% [1] vs. 0.19% [5], p = 0.046). Nonetheless, 
there was no significant difference in terms of in-hospital 
decease or hopeless discharge, and no any revasculariza-
tion or failed PCI.

We examined the long-term effect of hospital presenta-
tion (off-hours vs. on-hours presentation) among STEMI pa-
tients from the KAMIR-NIH registry. As this is a well-known 
nationwide Korean prospective multicenter data collection 
registry, we were able to represent, for the first time, the 
clinical characteristics and outcomes in STEMI patients in the 
Korean population with respect to the time of hospital visit. 
Our results demonstrated that the time and date of hospital 
visit did not affect the long-term clinical course of STEMI.

However, our study has several limitations. First, the KA-
MIR-NIH registry mainly included tertiary medical centers 
that treat high volumes of STEMI patients. Therefore, it is 
difficult to generalize the clinical outcomes including mor-
tality rates and the treatment practice patterns with respect 
to all medical institutions with STEMI patients. Second, al-
though this study was based only on a prospective, obser-
vational registry, it was a non-randomized study. Moreover, 
STEMI is an emergent situation that requires a rapid revas-
cularization strategy, and hence it is difficult to conduct a 
randomized clinical study based on the time of hospital vis-
it in STEMI. For this reason, although the propensity score 
weighing method was conducted to minimize the selection 
bias, a multicenter randomized controlled trial is needed in 
the future.

Despite the well-known fact that timely and rapid reper-
fusion is the key point of STEMI management and the belief 
that on-hour hospital presentation ensures more favorable 
clinical outcomes for acute medical diseases such as STEMI, 
our results showed that there were no significant differenc-
es in the long-term outcomes in STEMI patients regardless 
of the time of presentation.

KEY MESSAGE
1. We found no significant differences in the long-

term outcomes of ST-elevation myocardial infarc-
tion (STEMI) patients undergoing percutaneous 
coronary intervention (PCI) regardless of the time 
of presentation.
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Supplementary Table 1. Short-term outcomes during index hospitalization, from 6,325 patients with a final diagnosis of 

ST-elevation myocardial infarction  

Characteristic
Off-hours group

(n = 3,725)
On-hours group

(n = 2,600)
p value

In-hospital decease or hopeless discharge 218 (5.85) 134 (5.15) 0.233

In-hospital decease 206 (5.53) 122 (4.69) 0.139

No any revascularization or failed PCI 141 (3.79) 108 (4.15) 0.458

Thrombolysis 114 (3.06) 15 (0.58) < 0.001

In-hospital complications

Cardiogenic shock 512 (13.74) 311 (11.96) 0.038

New-onset heart failure 165 (4.43) 102 (3.92) 0.324

Reoccur MI 21 (0.56) 15 (0.58) 0.945

ST 18 (0.48) 15 (0.57) 0.611

Any CVA 61 (1.64) 56 (2.15) 0.134

 Bleeding complications  
 (Hgb decrease by 5 g/dL or Hct decrease by 15%)

48 (1.29) 51 (1.96) 0.034

Atrioventricular block 138 (3.70) 102 (3.92) 0.655

Ventricular tachycardia or fibrillation 308 (8.27) 178 (6.85) 0.037

Atrial fibrillation 145 (3.89) 96 (3.69) 0.682

Acute kidney injury 36 (0.97) 27 (1.04) 0.777

Sepsis 25 (0.67) 12 (0.46) 0.282

Multi-organ failure 38 (1.02) 18 (0.69) 0.171

Supportive treatment

CPR 362 (9.72) 203 (7.81) 0.009

Percutaneous ventricular mechanical support devices

IABP 195 (5.23) 121 (4.65) 0.297

ECMO 68 (1.83) 41 (1.58) 0.455

Any defibrillation 259 (6.95) 149 (5.73) 0.052

Permanent pacemaker implantation 6 (0.16) 2 (0.08) 0.484

ICD 1 (0.02) 5 (0.19) 0.046

CABG 21 (0.56) 15 (0.58) 0.945

Values are presented as number (%).
PCI, percutaneous coronary intervention; MI, myocardial infarction; ST, stent thrombosis; CVA, cerebrovascular accident; Hgb, hemoglo-
bin; Hct, hematocrit; CPR, cardiopulmonary resuscitation; IABP, intra-aortic balloon pump; ECMO, extracorporeal membrane oxygenation; 
ICD, implantable cardiac defibrillator; CABG, coronary artery bypass graft.
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