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BACKGROUND A limitation of the current guidelines regarding the timing of invasive coronary angiography for

patients with non–ST-segment elevation acute coronary syndrome is the randomization time. To date, no study has

reported the clinical outcomes of invasive strategy timing on the basis of the time of symptom onset.

OBJECTIVES The aim of this study was to investigate the effect of invasive strategy timing from the time of symptom

onset on the 3-year clinical outcomes of patients with non–ST-segment elevation myocardial infarction (NSTEMI).

METHODS Among 13,104 patients from the Korea Acute Myocardial Infarction Registry–National Institutes of Health,

5,856 patients with NSTE myocardial infarction were evaluated. The patients were categorized according to symptom-to-

catheter (StC) time (<48 or $48 hours). The primary outcome was 3-year all-cause mortality.

RESULTS Overall, 3,919 patients (66.9%) were classified into the StC time <48 hours group. This group had lower all-

cause mortality than the group with StC time $48 hours (7.3% vs 13.4%; P < 0.001). The lower risk for all-cause

mortality in the group with StC time <48 hours group was consistent in all subgroups. Notably, emergency medical

service use (HR: 0.31; 95% CI: 0.19-0.52) showed a lower risk for all-cause mortality than no emergency medical service

use (HR: 0.54; 95% CI: 0.46-0.65; P value for interaction ¼ 0.008).

CONCLUSIONS An early invasive strategy on the basis of StC time was associated with a decreased risk for all-cause

mortality in patients with NSTEMI. Because the study was based on a prospective registry, the results should be

considered hypothesis generating, highlighting the need for further research. (iCReaT Study No. C110016)
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AB BR E V I A T I O N S

AND ACRONYM S

CKD = chronic kidney disease

DtC = door-to-catheter

EMS = emergency medical

services

HF = heart failure

ICA = invasive coronary

angiography

MI = myocardial infarction

NSTE-ACS = non–ST-segment

elevation acute coronary

syndrome

NSTEMI = non–ST-segment

elevation myocardial infarction

PCI = percutaneous coronary

intervention

StC = symptom-to-catheter
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T he clinical outcomes of patients with non–
ST-segment elevation acute coronary syn-
drome (NSTE-ACS) have rapidly improved

over the past 2 decades.1 Such improvements are
attributed to advancements in medical facilities, the
development of new devices, and the rapid initiation
of invasive procedures, particularly in patients with
non–ST-segment elevation myocardial infarction
(NSTEMI). Among patients with NSTEMI, those who
underwent percutaneous coronary intervention
(PCI) within 72 hours were shown to have an approx-
imately 3-fold lower 6-month mortality rate than pa-
tients who did not.1

The optimal timing of invasive coronary angiog-
raphy (ICA) and revascularization in patients with
NSTE-ACS has received increasing interest. Several
randomized clinical trials and meta-analyses have
demonstrated that an early invasive strategy does not
reduce adverse clinical outcomes compared with a
delayed invasive strategy in all patients with NSTE-
ACS.2-5 However, a limitation of the interpretation of
such studies is that the calculated time to ICA is based
on the randomization time. That is, few studies have
reported the effect of optimal timing of an invasive
strategy on the basis of symptom onset on the clinical
outcomes of patients with NSTEMI.2-6 In addition, no
large-scale study has addressed long-term clinical
outcomes according to the timing of an invasive
strategy on the basis of the time of symptom onset in
patients with NSTEMI. Thus, the current recommen-
dation may not completely reflect real-world practice
in patients with NSTEMI. However, real-world evi-
dence of the highest quality can provide insightful
clues regarding the uncertain gaps between random-
ized clinical trials and real-world practice.7

We aimed to investigate the effect of invasive
strategy timing on the basis of the time of symptom
onset on the 3-year clinical outcomes of patients with
NSTEMI using an all-comers, nationwide, multicenter,
prospective myocardial infarction (MI) registry.

METHODS

STUDY PROTOCOLS. The data used in this study
were obtained from the nationwide, multicenter,
prospective KAMIR-NIH (Korea Acute Myocardial
Infarction Registry–National Institutes of Health)
registry. The KAMIR-NIH registry included multiple
centers in South Korea and was supported by a grant
from the Korea Centers for Disease Control and Pre-
vention from November 2011 to December 2015 and
did not feature any exclusion criteria. Detailed study
protocols have been published previously.8 The pro-
tocol of the KAMIR-NIH registry was approved by the
ethics committee at each participating center
and was conducted in accordance with the
principles of the Declaration of Helsinki. All
patients provided written informed consent
upon enrollment. All data were collected by
independent clinical research coordinators,
using a web-based case report form in the
Internet-Based Clinical Research and Trial
Management System, a data management
system established by the Centers for Disease
Control and Prevention, Ministry of Health
and Welfare, Republic of Korea (Internet-
Based Clinical Research and Trial Manage-
ment System Study No. C110016; cris.nih.-
go.kr identifier KCT0000863).

STUDY POPULATION AND DEFINITION. The
KAMIR-NIH registry enrolled 13,104 patients
between November 2011 and December 2015

and analyzed 3-year clinical outcomes. After
excluding 6,326 patients who were diagnosed with
ST-segment elevation MI, 169 who did not undergo
coronary angiography, 698 who had very high risk
(cardiogenic shock, acute heart failure [HF], life-
threatening arrhythmia, or ST-segment depression
>1 mm in 6 leads plus ST-segment elevation in leads
aVR and/or V1),9 and 55 who were lost to follow-up,
we ultimately investigated 5,856 patients with
NSTEMI (Figure 1).

The study population was categorized according to
the time between symptom onset and ICA as those
with a symptom-to-catheter (StC) time of <48 hours
and those with an StC time of $48 hours
(Supplemental Figure S1). Symptom onset time was
defined as an index time of onset of the last sustained
chest pain.

The diagnosis of NSTEMI was based on the criteria
of the fourth universal definition of MI.10 The pa-
tients’ GRACE (Global Registry of Acute Coronary
Events) risk scores (on a scale of 1-372, with higher
scores indicating greater risk) were derived from
readily available hospital admission records.11 Defi-
nitions of other baseline covariates have been
described in detail previously.8

Patients were managed according to current
guidelines.12 The selection of the mode of revascu-
larization (PCI or coronary artery bypass surgery) was
based on patient characteristics and preferences, the
extent of disease, the presence or absence of coex-
isting illnesses, and the level of left ventricular
function.

CLINICAL OUTCOMES. An extended description of
the statistical analysis is presented in the
Supplemental Appendix. The primary endpoint of the
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FIGURE 1 Study Flowchart

The data used in this study were derived from the nationwide, multicenter, prospective KAMIR-NIH (Korea Acute Myocardial Infarction

Registry–National Institutes of Health) registry. AMI ¼ acute myocardial infarction; CAG ¼ coronary angiography; StC ¼ symptom-to-

catheter; STEMI ¼ ST-segment elevation myocardial infarction.
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present study was 3-year all-cause mortality. The
secondary endpoint was 3-year composite outcomes,
which included all-cause mortality, recurrent MI, or
hospitalization for HF. All deaths were considered
cardiac deaths unless an undisputed noncardiac
cause was present. Recurrent MI was defined as the
occurrence of cardiogenic chest pain accompanied by
changes on 12-lead electrocardiography (new ST-
segment elevation or newly developed left bundle
branch block) or an increase in cardiac marker levels
(cardiac troponin) above the upper limit of normal,
and periprocedural MI was not included as a clinical
outcome. Hospitalization for HF was defined as
rehospitalization with New York Heart Association
functional class III or IV symptoms with reduced left
ventricular ejection fraction on echocardiography.
According to the Academic Research Consortium
definitions,13 repeated revascularizations were
defined as the need for clinically driven revasculari-
zation that occurred after discharge.

STATISTICAL ANALYSES

An extended description of the statistical analysis is
presented in the Supplemental Appendix.
Continuous variables were analyzed using
descriptive methods depending on their distribution,
corroborated using the Shapiro-Wilk test. Variables
with normal distributions are expressed as mean �
SD. Otherwise, median (IQR) are used. Considering
the normality of each quantitative variable, an anal-
ysis with independent 2-sample Student’s t-tests or
Mann-Whitney U tests was performed. Discrete vari-
ables are expressed as frequencies and percentages.
We measured the Kaplan-Meier curves of the primary
and secondary outcomes according to an StC time
of <48 hours and an StC time of $48 hours.

As differences in baseline characteristics could
significantly affect outcomes, sensitivity analyses
were performed to adjust for confounding factors as
much as possible. First, we used a Cox proportional
hazards regression model (with adjustment for cova-
riates) to assess clinical outcomes. Variables in the
multivariate analysis were selected if they were
significantly different between the 2 groups (P < 0.05)
or had predictive values (Supplemental Appendix).
Second, we performed propensity score matching
between groups. Propensity scores were obtained
from logistic regression with covariates of de-
mographics, procedural characteristics, and
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TABLE 1 Baseline Clinical Characteristics

Total
(N ¼ 5,856)

StC Time <48 h
(n ¼ 3,919)

StC Time $48 h
(n ¼ 1,937) P Value

Demographics

Age, y 64.2 � 12.2 63.1 � 12.1 66.4 � 12.2 <0.001

Male 4,216 (72.0) 2,892 (73.8) 1,324 (68.4) <0.001

Body mass index, kg/m2 24.0 (22.0-26.0) 24.1 (22.1-26.1) 23.8 (21.8-26.0) 0.006

On admission

Typical chest pain 4,962 (84.7) 3,451 (88.1) 1,511 (78.0) <0.001

Previous chest paina 1,760 (30.1) 1,217 (31.1) 543 (28.0) 0.019

Dyspnea 1,372 (23.4) 754 (19.2) 618 (31.9) <0.001

Killip class 3 412 (7.0) 207 (5.3) 205 (10.6) <0.001

Initial Q wave on ECG 452 (7.7) 280 (7.1) 172 (8.9) 0.022

ST-segment deviation 1,702 (29.1) 1,137 (29.0) 565 (29.2) 0.926

GRACE score 119 (97-143) 116 (94-139) 128 (103-151) <0.001

First medical contact <0.001

EMS 603 (10.3) 471 (12.0) 132 (6.8)

Non-PCI center 3,038 (51.9) 2,023 (51.6) 1,015 (52.4)

PCI center 2,215 (37.8) 1,425 (36.4) 790 (40.8)

Process of care index

Symptom-to-door time, h 7.0 (2.4-24.0) 4.4 (1.9-10.1) 48.0 (11.9-98.0) <0.001

Door-to-catheter time, h 13.7 (4.1-24.9) 9.6 (3.2-17.6) 28.8 (11.1-60.3) <0.001

Symptom-to-catheter time, h 26.9 (13.7-63.2) 17.5 (9.5-27.0) 90.8 (63.5-157.1) <0.001

Cardiovascular risk factors

Hypertension 3,171 (54.1) 2,052 (52.4) 1,119 (57.8) <0.001

Diabetes mellitus 1,762 (30.1) 1,104 (28.2) 658 (34.0) <0.001

Dyslipidemia 724 (12.4) 492 (12.6) 232 (12.0) 0.556

Chronic kidney disease 1,060 (18.1) 585 (14.9) 475 (24.5) <0.001

History of MI 519 (8.9) 338 (8.6) 181 (9.3) 0.388

History of PCI 375 (6.4) 257 (6.6) 118 (6.1) 0.530

History of CVA 452 (7.7) 282 (7.2) 170 (8.8) 0.037

Familial history 405 (6.9) 301 (7.7) 104 (5.4) 0.001

LVEF 56.0 (49.0-62.0) 56.0 (50.0-62.0) 55.0 (47.0-61.0) <0.001

Values are mean � SD, n (%), or median (interquartile range). aPrevious chest pain before the index time of
symptom onset.

CVA ¼ cerebrovascular accident; ECG ¼ electrocardiography; EMS ¼ emergency medical services;
GRACE ¼ Global Registry of Acute Coronary Events; LVEF ¼ left ventricular ejection fraction; MI ¼ myocardial
infarction; PCI ¼ percutaneous coronary intervention; StC ¼ symptom-to-catheter.

J A C C : C A R D I O V A S C U L A R I N T E R V E N T I O N S V O L . 1 6 , N O . 1 , 2 0 2 3 Bae et al
J A N U A R Y 9 , 2 0 2 3 : 6 4 – 7 5 Effect of Symptom-to-Catheter Time in NSTEMI

67
medication at discharge. Missing values of the cova-
riates were imputed using multiple imputations to
ensure that propensity scores could be calculated for
all patients. We used nearest neighbor matching with
a caliper size of 0.1 multiplied by the SD for linearly
transformed propensity scores (logit trans-
formation).14 Propensity score matching yielding
1,846 patients in the group with StC time <48 hours
matched with 1,846 control subjects in the group with
StC time $48 hours. The standardized mean differ-
ence after propensity score matching was #10%
across all matched covariates. This finding demon-
strates successful balance achievement between the
comparison groups (Supplemental Table S1). Third,
we performed inverse probability weighting adjust-
ment. The inverse of the propensity score of all var-
iables was assessed using the proportional hazards
regression model.

To determine the continuous association between
StC time and clinical outcomes, we used a restrictive
cubic spline model to graphically display the HRs
representing the association of StC time and
response. Shaded areas around the curves depict
95% CIs, and solid lines represent HRs for estimates
obtained from a regression of restricted cubic splines
(6 knots: 0, 24, 48, 72, 96, and 120 hours). The
multivariate Cox proportional hazards model for
adjusted variables was used as described earlier.

To identify predictors of delayed ICA (StC time $48
hours), we performed univariate and multivariate
logistic regression analyses. The multivariable Cox
regression model was performed on the basis of
24-hour door-to-catheter (DtC) time to investigate the
difference in clinical outcomes by DtC time.

All analyses were 2 tailed, and a P value of <0.05
was considered to indicate statistical significance. All
statistical analyses were performed using the R
version 3.6.0 (R Foundation for Statistical
Computing).

RESULTS

BASELINE CHARACTERISTICS. Among 13,104 pa-
tients with acute MI, 5,856 patients with NSTEMI (StC
time <48 hours, n ¼ 3,919 [66.9%]; StC time $48
hours, n ¼ 1,937 [33.1%]) were analyzed in this study
(Figure 1, Table 1). The mean age of the patients was
64.2 � 12.2 years, and 72% were male. The group with
StC time <48 hours had a higher prevalence of typical
chest pain (88.1% vs 78.0%; P < 0.001), a higher
prevalence of previous chest pain before the index
time of symptom onset (31.1% vs 28.0%; P ¼ 0.019), a
lower rate of Killip class 3 (5.3% vs 10.6%; P < 0.001),
and lower GRACE risk scores (median 116 [IQR: 94-
139] vs 128 [IQR: 103-151]; P < 0.001) than the group
with StC time $48 hours. Regarding comorbidities,
the group with StC time <48 hours had lower preva-
lence of hypertension, diabetes, chronic kidney dis-
ease (CKD), history of MI, and cardiovascular accident
but had higher left ventricular ejection fractions than
the group with StC time $48 hours. Regarding the
extent of coronary disease, 5.6% of patients had left
main coronary artery disease. No differences were
found in revascularization strategy (PCI or coronary
artery bypass surgery) between the 2 groups. In per-
iprocedural outcomes, acute kidney injury did not
differ between the 2 groups, and a higher prevalence
of new HF (0% vs 0.7%; P < 0.001) was reported in the
group with StC time <48 hours. With regard to
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FIGURE 2 Cumulative Incidence of Primary and Secondary Endpoints

Kaplan-Meier curves show the rates of (A) 3-year all-cause mortality and (B) the 3-year composite of all-cause death, myocardial infarction (MI), or hospitalization for

heart failure (HF) between the group with symptom-to-catheter (StC) time <48 hours and the group with StC time $48 hours among patients with non–ST-segment

elevation MI.
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discharge medications, patients were treated with fair
compliance to contemporary guidelines for medical
treatment, including dual antiplatelet therapy
(92.4%), beta-blockers (81.6%), renin-angiotensin-
aldosterone system inhibitors (79.0%), and sta-
tins (93.1%).

CLINICAL OUTCOMES. The median follow-up dura-
tion was 1,099 days (IQR: 1,057-1,130 days). The pri-
mary endpoint (all-cause mortality) occurred in 7.3%
of patients in the group with StC time <48 hours
compared with 13.4% of those in the group with StC
time $48 hours (3-year adjusted HR: 0.76; 95% CI:
0.64-0.91; P ¼ 0.002) (Figure 2A, Table 2). The sec-
ondary endpoint (a composite of all-cause mortality,
recurrent MI, or hospitalization for HF) occurred in
12.2% of patients in the group with StC time <48 hours
group compared with 19.6% of those in the group with
StC time $48 hours (3-year adjusted HR: 0.84; 95% CI:
0.73-0.96; P ¼ 0.015) (Figure 2B, Table 3).

In the individual clinical outcomes, the group with
StC time <48 hours had better clinical outcomes of
cardiac death and hospitalization for HF. No differ-
ences were found in recurrent MI and any revascu-
larization between the 2 groups. These results were
consistently observed in divided groups according to
the StC median time as well as both propensity score
matching and inverse probability weight adjustment
for baseline characteristics and confounding factors
(Supplemental Tables S1 to S7, Supplemental Figures
S2 to S4).

The continuous association of StC time and risk for
the primary and secondary endpoints showed a
shorter StC time (reference 48 hours), and lower
adjusted HR reduction was observed (Figure 3). No
differences were observed in primary and secondary
endpoints in patients regarding invasive strategy
timing within 24 hours on the basis of DtC time (all-
cause death: 3-year adjusted HR: 0.98; 95% CI: 0.82-
1.18; P ¼ 0.846) (Supplemental Table S8).

ALL-CAUSE MORTALITY ACCORDING TO SUBGROUP

ANALYSIS. Subgroup analysis was performed for age,
sex, typical chest pain, dyspnea, ST-segment devia-
tion, use of emergency medical services (EMS),
hypertension, diabetes mellitus, CKD, left ventricular
dysfunction, GRACE risk score, and PCI (Figure 4).
The lower risk for all-cause mortality in the group with
StC time <48 hours was consistent in all subgroups.
Notably, EMS use (HR: 0.31; 95% CI: 0.19-0.52)
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TABLE 2 Baseline Procedure and Discharge Medication Characteristics

Total
(N ¼ 5,856)

StC Time <48 h
(n ¼ 3,919)

StC Time $48 h
(n ¼ 1,937) P Value

Extent of coronary disease
Left main coronary artery 330 (5.6) 185 (4.7) 145 (7.5) <0.001
Number of vessels involved <0.001

0 409 (7.0) 301 (7.7) 108 (5.6)
1 2,622 (44.8) 1,825 (46.6) 797 (41.1)
2 1,684 (28.8) 1,105 (28.2) 579 (29.9)
3 1,141 (19.5) 688 (17.6) 453 (23.4)

ACC/AHA type B2/C lesion 4,212 (71.9) 2,827 (72.1) 1,385 (71.5) 0.634
Pre-PCI TIMI flow grade 0 1,422 (24.3) 1,030 (26.3) 392 (20.2) <0.001

Procedural characteristics
Transradial approach 2,632 (44.9) 1,759 (44.9) 873 (45.1) 0.915
CAG result 0.706

PCI 5,024 (85.8) 3,358 (85.7) 1,666 (86.0)
No PCI 832 (14.2) 561 (14.3) 271 (14.0)

Periprocedural outcomes
Acute kidney injury 21 (0.4) 11 (0.3) 10 (0.5) 0.240
New heart failure 14 (0.2) 1 (0) 13 (0.7) <0.001

CABG 90 (1.5) 53 (1.4) 37 (1.9) 0.129

Medication at discharge
Dual antiplatelet agent 5,413 (92.4) 3,604 (92.0) 1,809 (93.4) 0.058

Aspirin 5,685 (97.1) 3,804 (97.1) 1,881 (97.1) 0.992
P2Y12 inhibitor 5,484 (93.6) 3,652 (93.2) 1,832 (94.6) 0.046

RAAS inhibitor 4,624 (79.0) 3,127 (79.8) 1,497 (77.3) 0.029
Beta-blocker 4,781 (81.6) 3,218 (82.1) 1,563 (80.7) 0.199
Statin 5,454 (93.1) 3,669 (93.6) 1,785 (92.2) 0.042

Values are n (%).

ACC ¼ American College of Cardiology; AHA ¼ American Heart Association; CABG ¼ coronary artery bypass
graft; CAG ¼ coronary angiography; RAAS ¼ renin-angiotensin-aldosterone system; TIMI ¼ Thrombolysis In
Myocardial Infarction; other abbreviations as in Table 1.
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showed a lower risk for all-cause mortality than
no EMS use (HR: 0.54; 95% CI: 0.46-0.65; P for
interaction ¼ 0.008). Patients without CKD (HR: 0.56;
95% CI: 0.44-0.72) had a lower risk for all-cause
mortality than those with CKD (HR: 0.70; 95% CI:
0.55-0.88; P for interaction ¼ 0.027).

INDEPENDENT PREDICTORS OF DELAYED ICA IN

PATIENTS WITH NSTEMI. Multivariate logistic
regression analysis on the basis of baseline charac-
teristics revealed that older age (75 years or older),
symptom presentation with atypical chest pain, dys-
pnea, no use of EMS, no ST-segment deviation, CKD,
and GRACE score >140 were associated with delayed
ICA (Supplemental Table S9).

DISCUSSION

In this study we investigated 3-year clinical outcomes
among patients with NSTEMI regarding invasive
strategy timing on the basis of the time of symptom
onset. The main findings of the present study are as
follows. First, to the best of our knowledge, the pre-
sent study is the first observation of long-term clinical
outcomes according to early invasive strategy on the
basis of symptom onset among patients with NSTEMI.
Regarding StC time, the group with StC time <48
hours had lower 3-year all-cause mortality than the
group with StC time $48 hours (Central Illustration).
Second, in the subgroup analysis, the lower mortality
rate of the group with StC time <48 hours was
consistent regardless of the subcategory variables.
Notably, EMS use and no CKD were associated with a
lower risk for all-cause mortality than no EMS use and
CKD, respectively.

The patients enrolled in this study were diagnosed
with NSTEMI. Thus, an early invasive strategy is
recommended according to the NSTE-ACS guideline.9

However, similar to the findings of previous studies,
no difference was found in all-cause mortality in pa-
tients regarding invasive strategy timing within 24
hours on the basis of DtC time.2-5 In the present
study, we observed that the group with StC time
<48 hours had lower 3-year all-cause mortality than
the group with StC time $48 hours. This suggests
that total ischemic time should be considered an
important factor in reducing all-cause mortality in
patients with NSTEMI. This hypothesis could be
supported by the results of the SWEDEHEART
(Swedish Web-System for Enhancement and Devel-
opment of Evidence-Based Care in Heart Disease
Evaluated According to Recommended Therapies)
study, which registered all comers with NSTEMI
among 40,494 consecutive PCI-treated patients.15 In
the SWEDEHEART study, despite an unclear method
of time calculation, early PCI was associated with a
lower risk for 1-year all-cause mortality.

Recent guidelines recommend that an early inva-
sive strategy is not superior to a delayed invasive
strategy concerning composite clinical outcomes in
patients with NSTE-ACS according to various ran-
domized clinical trials that investigated the optimal
timing of ICA and revascularization in patients with
NSTE-ACS.16-18 According to the TIMACS (Early
Versus Delayed Timing of Intervention in Patients
With Acute Coronary Syndromes) trial, VERDICT
(Very Early Versus Deferred Invasive Evaluation Us-
ing Computerized Tomography) trial, and some meta-
analyses, patients with NSTE-ACS with GRACE risk
scores of >140 benefited from the early invasive
strategy, in terms of clinical outcomes, compared
with those with GRACE risk scores of #140.2,4,5 Thus,
current guidelines recommend an early invasive
strategy in patients with NSTE-ACS with at least 1 of
the high-risk criteria: GRACE risk score > 140, estab-
lished NSTEMI, and dynamic ST/T change (Class 1,
Level of Evidence: A).18 However, even with the early
invasive strategy in patients with high-risk NSTE-
ACS, no difference was shown in all-cause
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TABLE 3 Comparison of 3-Year Clinical Outcomes According to StC Time

Total
(N ¼ 5,856)

StC Time <48 h
(n ¼ 3,919)

StC Time $48 h
(n ¼ 1,937)

Unadjusted Multivariable Adjusteda Propensity Score Matched

HR (95% CI) P Value HR (95% CI) P Value HR (95% CI) P Value

All-cause mortality 544 (9.3) 285 (7.3) 259 (13.4) 0.52 (0.44-0.61) <0.001 0.76 (0.64-0.91) 0.002 0.72 (0.59-0.87) 0.001

CV mortality 320 (5.5) 166 (4.2) 154 (8.0) 0.51 (0.41-0.64) <0.001 0.77 (0.62-0.97) 0.026 0.74 (0.58-0.94) 0.014

Recurrent MI 242 (4.1) 147 (3.8) 95 (4.9) 0.73 (0.56-0.94) 0.016 0.91 (0.70-1.18) 0.474 0.93 (0.70-1.25) 0.651

Hospitalization for HF 236 (4.0) 115 (2.9) 121 (6.2) 0.45 (0.35-0.58) <0.001 0.70 (0.54-0.91) 0.008 0.69 (0.52-0.92) 0.013

Any revascularization 523 (8.9) 338 (8.6) 185 (9.6) 0.87 (0.72-1.04) 0.114 0.91 (0.76-1.09) 0.311 0.93 (0.75-1.14) 0.482

Definite/probable ST 29 (0.5) 15 (0.4) 14 (0.7) 0.51 (0.24-1.05) 0.066 0.58 (0.27-1.23) 0.152 0.70 (0.31-1.57) 0.384

All-cause mortality, recurrent MI,
or hospitalization for HF

859 (14.7) 479 (12.2) 380 (19.6) 0.59 (0.52-0.68) <0.001 0.84 (0.73-0.96) 0.015 0.83 (0.71-0.97) 0.020

Values are n (%, cumulative incidence). aAdjusted variables: age $75 years, sex, body mass index, Killip class 3, initial Q wave, ST-segment deviation, GRACE (Global Registry of Acute Coronary Events) risk
score >140, hypertension, diabetes mellitus, chronic kidney disease, previous history of MI, cerebrovascular disease, LVEF <50%, left main or multivessel disease, and discharge medication comprising renin-
angiotensin-aldosterone system inhibitors and statins.

CV ¼ cardiovascular; ST ¼ stent thrombosis; other abbreviations as in Table 1.
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mortality.2,4,5,16,17,19 Only 1 meta-analysis demon-
strated that an early invasive strategy had a beneficial
trend for all-cause mortality and significantly
reduced the composite endpoint in patients with
NSTE-ACS but increased the rate of revasculariza-
tion.20 Moreover, in the RIDDLE-NSTEMI (Random-
ized Study of Immediate Versus Delayed Invasive
Intervention in Patients With Non ST-Segment
Elevation Myocardial Infarction) trial, which re-
ported clinical outcomes according to ICA timing
among patients with NSTEMI, the median time of ICA
in the delayed group was 61 hours.21 Despite the
violation of current guidelines that permit ICA after
24 hours for the delayed group, no difference was
noted in 3-year mortality between the immediate
intervention and delayed intervention groups.15

These discrepancies in clinical outcomes among
patients with NSTE-ACS classified as high risk could
be explained as a limitation of the randomized clin-
ical trials, that is, the definition of an early invasive
strategy that ICA within 24 hours is not from the time
of symptom onset but from the hospitalization time
or randomization time. To reduce confounding, most
studies, including the TIMACS trial, enrolled patients
who had symptoms within 24 hours.2,4 However, in
real-world practice, a considerable number of pa-
tients had delayed hospitalization after symptom
onset. Compared with previous randomized
controlled trials among patients with NSTE-ACS, the
difference in mortality between the previous trials
and the present study may be explained by the fact
that the previous trials did not consider an important
factor, symptom duration. Recently, Cha et al22 re-
ported association between delayed hospitalization
and clinical outcomes in patients with NSTEMI. In a
3-year follow-up study, the proportion of patients
with NSTEMI with delayed hospitalization (arrived at
the hospital 24 hours after symptom onset) was
27.9%. A 1.6-fold increase in mortality was observed
in the delayed hospitalization group compared with
patients who arrived at the hospital within 24 hours.
In this context, similar to patients with ST-segment
elevation MI,23 StC time may be suggested as a pre-
dictor of clinical outcomes among patients with
NSTEMI rather than DtC time. This study suggests the
necessity of reducing myocardial ischemic time by
minimizing symptom duration to improve clinical
outcomes for patients with NSTEMI, as for those with
ST-segment elevation MI. However, the present study
was not randomized; therefore, the results should be
considered hypothesis generating, highlighting the
need for further research.

In a subgroup analysis, this study consistently
showed that all-cause mortality was lower in the
group with StC time <48 hours than in the group with
StC time $48 hours. Notably, these results were
based on the all-comers registry, except for patients
with very high risk. To the best of our knowledge, this
study is the first large-scale observation to show an
association between an early invasive strategy on the
basis of the symptom onset time and all-cause mor-
tality in patients with NSTEMI. In particular, the
group with StC time <48 hours had a relatively lower
risk for mortality among those without CKD than
those with CKD (P for interaction ¼ 0.027). This sug-
gests that patients with NSTEMI with CKD may have
an increased possibility of delayed ICA because of the
effect of comorbidities. Moreover, group with StC
time <48 hours had a relatively lower risk for mor-
tality among patients who used EMS than those who



FIGURE 3 Continuous Association of StC Time and Primary and Secondary Endpoints

The continuous association of StC time and risk for the (A) the primary and (B) secondary endpoints showed shorter StC time (reference 48 hours) and a lower adjusted

HR reduction. Shaded areas around the curves depict 95% CIs, and solid lines represents HRs for estimates obtained from a regression of restricted cubic splines (6

knots: 0, 24, 48, 72, 96, and 120 hours). Abbreviations as in Figure 2.
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did not use EMS (P for interaction ¼ 0.008), which
may emphasize the importance of using EMS for
NSTEMI. Meanwhile, concerning the GRACE risk
score, both high-risk and low- to intermediate-risk
groups showed a reduced risk for mortality in the
group with StC time <48 hours with borderline sig-
nificant interaction (P for interaction ¼ 0.087).

We investigated the predictors that affect delayed
ICA in terms of patient characteristics. In multivari-
able logistic analysis, older age, the presence of
nonspecific symptoms such as atypical chest pain and
dyspnea, no use of EMS, no ST-segment deviation,
CKD, and GRACE risk score >140 were independent
predictors of delayed ICA. Consistent with previous
studies,18,22 patients with nonspecific symptoms,
older age, or not using EMS may tend to underesti-
mate their symptoms; that is, StC time may be pro-
longed in these patients. No ST-segment deviation on
electrocardiography and CKD were predictors of
delayed ICA. These observations may explain the fact
that relatively stable signs on electrocardiography
and the need for prehydration before using contrast
agent may affect physicians’ decisions regarding ICA
in real-world practice. Moreover, GRACE risk score
>140 conferred a higher risk for delayed ICA. In other
words, this observation showed the need for an early
invasive strategy for patients with NSTEMI to reduce
adverse clinical outcomes, which was consistent with
recent guidelines.16-18

STUDY LIMITATIONS. First, this study had an
inherent limitation because nonrandomized, pro-
spective, observational registry data were used in the
analysis. Despite the adjustments made to minimize
bias with extensive sensitivity analyses for different
baseline characteristics and measured or unmeasured
confounders, the possibility of physician-generated
selection bias in the treatment strategy is inevitable.

Second, ICA timing for the patients in this multi-
center registry was at the operator’s discretion in the
individual institutions. Thus, our registry had a
probability of healthy candidate bias regarding ICA
timing, which should be clarified in a randomized
controlled trial to support the hypothesis. However,
the KAMIR-NIH registry used standardized defini-
tions for all collected variables and is regulated and
monitored by the National Institutes of Health.8

Third, compared with the group with StC time <48
hours, the DtC time of the group with StC time >48
hours was longer, which may have affected clinical
outcomes. There was little evidence of optimal timing



FIGURE 4 Exploratory Subgroup Analysis

Values are event n/N (%) unless otherwise indicated. CKD ¼ chronic kidney disease; EF ¼ ejection fraction; EMS ¼ emergency medical services; GRACE ¼ Global

Registry of Acute Coronary Events; LV ¼ left ventricular; PCI ¼ percutaneous coronary intervention; StC ¼ symptom-to-catheter.
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of invasive strategy in patients with delayed hospi-
talization. The current guidelines recommend that
PCI not be performed in patients who have totally
occluded infarct arteries >24 hours after symptom
onset.18,19,24 However, there is no study on optimal
invasive strategy timing for patients with suspected
recent MI, such as initial Q-wave MI in patients with
NSTE-ACS. Expert consensus recommends imple-
menting ICA for those patients at an appropriate time
on the basis of individual risk.25 In context, the pre-
sent study suggests the necessity of education about
rapid contact with medical services on the basis of
symptom onset time for patients suspected of having
NSTE-ACS to prevent poor clinical outcomes.

Fourth, as the present registry data did not collect
bleeding events, which might affect worse clinical
outcomes, the results should be interpreted with
caution.



CENTRAL ILLUSTRATION The 3-Year Outcomes in Patients With NSTEMI According to Symptom to Catheter
Time From the KAMIR-NIH (Korea Acute Myocardial Infarction Registry–National Institutes of Health)
Registry (N ¼ 5,856)
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(Top left) Schema for the time frame from symptom onset to invasive coronary angiography. (Top right) The continuous association of symptom to catheter (StC) time

and risk for mortality showed that shorter StC time (reference 48 hours) was associated with lower adjusted HR reduction. (Bottom) The 3-year clinical outcomes

between StC times of <48 and $48 hours.
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Finally, in the present study, an StC time of 48
hours was established as the cutoff. The current
guideline defines an early invasive strategy for high-
risk patients with NSTE-ACS as conducting ICA
within 24 hours after hospitalization. And most sup-
porting randomized controlled trials for an early
invasive strategy enrolled only patients who had
symptoms within 24 hours. As there was no study of



PERSPECTIVES

WHAT IS KNOWN? The current guideline defines an

early invasive strategy for high-risk patients with

NSTE-ACS as conducting ICA within 24 hours after

hospitalization. And most supporting randomized

controlled trials for an early invasive strategy enrolled

only patients who had symptoms within 24 hours. To

date, no study has reported the clinical outcomes of

invasive strategy timing on the basis of the time of

symptom onset.

WHAT IS NEW? In a prospective nationwide Korean

registry, an early invasive strategy based on StC time

improved all-cause mortality in patients with NSTEMI.

These results were consistent regardless of subcate-

gory variables.

WHAT IS NEXT? As there are currently no large-

scale studies or in-progress randomized clinical trials

on clinical outcomes according to invasive strategy

timing for patients with NSTEMI, the present study

provides a clue regarding the optimal timing of ICA for

patients with NSTEMI.
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patients with NSTE-ACS regarding StC time, the pre-
sent study set an StC time of 48 hours defined as an
early invasive strategy on the basis of the summation
of the symptom-to-door time 24 h and DtC time 24 h.
The optimal timing from symptoms to ICA was not
completely elucidated in patients with NSTEMI,
stressing the importance of rapid recourse to health
services in case of suspected symptoms of acute cor-
onary syndrome. In context, although our result
should be interpreted with caution, the present study
emphasizes that reducing both the patient factor
(symptom-to-door time) and the intervention factor
(DtC time) in an early invasive strategy in patients
with NSTEMI may have a better mortality benefit.
And this study provides a clue to the optimal timing
of ICA for patients with NSTEMI in real-world prac-
tice. The results should be considered hypothesis
generating, highlighting the need for further ran-
domized clinical trials.

CONCLUSIONS

In this nationwide, multicenter, prospective registry,
an early invasive strategy on the basis of StC time was
associated with a decreased risk for all-cause mor-
tality in patients with NSTEMI. Because the study was
based on a prospective registry, the results should be
considered hypothesis generating, highlighting the
need for further research.

ACKNOWLEDGMENT The authors thank Medical
Illustration & Design, part of the Medical Research
Support Services of Yonsei University College of
Medicine, for all artistic support related to this work.

FUNDING SUPPORT AND AUTHOR DISCLOSURES

The authors have reported that they have no relationships relevant to

the contents of this paper to disclose.
ADDRESSES FOR CORRESPONDENCE: Dr Tae Hoon
Ahn, Department of Cardiology, Heart and Brain
Hospital, Chung-Ang University Gwang-Myeong
Hospital, 110 Deokan-ro, Gwangmyeong-si,
Gyeonggi-do 14353, Republic of Korea. E-mail:
ath3869@naver.com. OR Dr Myung Ho Jeong,
Department of Cardiology, Chonnam National Uni-
versity Hospital, 42 Jebong-ro, Dong-gu, Gwangju
61469, Republic of Korea. E-mail: myungho@
chollian.net.
RE F E RENCE S
1. Puymirat E, Simon T, Cayla G, et al. Acute
Myocardial Infarction: Changes in Patient Charac-
teristics, Management, and 6-Month Outcomes
Over a Period of 20 Years in the FAST-MI Program
(French Registry of Acute ST-Elevation or Non-ST-
Elevation Myocardial Infarction) 1995 to 2015.
Circulation. 2017;136:1908–1919.

2. Mehta SR, Granger CB, Boden WE, et al. Early
versus delayed invasive intervention in acute coro-
narysyndromes.NEngl JMed. 2009;360:2165–2175.

3. Navarese EP, Gurbel PA, Andreotti F, et al.
Optimal timing of coronary invasive strategy in
non-ST-segment elevation acute coronary
syndromes: a systematic review and meta-anal-
ysis. Ann Intern Med. 2013;158:261–270.
4. Jobs A, Mehta SR, Montalescot G, et al. Optimal
timing of an invasive strategy in patients with non-
ST-elevation acute coronary syndrome: a meta-
analysis of randomised trials. Lancet. 2017;390:
737–746.

5. Kofoed KF, Kelbæk H, Hansen PR, et al. Early
versus standard care invasive examination and
treatment of patients with non-ST-segment
elevation acute coronary syndrome. Circulation.
2018;138:2741–2750.

6. Bonello L, Laine M, Puymirat E, et al. Timing of
Coronary Invasive Strategy in Non-ST-Segment
Elevation Acute Coronary Syndromes and Clinical
Outcomes: An Updated Meta-Analysis. J Am Coll
Cardiol Intv. 2016;9:2267–2276.
7. Booth CM, Tannock IF. Randomised controlled
trials and population-based observational
research: partners in the evolution of medical ev-
idence. Br J Cancer. 2014;110:551–555.

8. Kim JH, Chae SC, Oh DJ, et al. Multicenter
Cohort Study of Acute Myocardial Infarction in
Korea - Interim Analysis of the Korea Acute
Myocardial Infarction Registry-National Institutes
of Health Registry. Circ J. 2016;80:1427–1436.

9. Collet J-P, Thiele H, Barbato E, et al. 2020 ESC
Guidelines for the management of acute coronary
syndromes in patients presenting without persis-
tent ST-segment elevation: The Task Force for the
management of acute coronary syndromes in pa-
tients presenting without persistent ST-segment

mailto:ath3869@naver.com
mailto:myungho@chollian.net
mailto:myungho@chollian.net
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref1
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref1
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref1
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref1
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref1
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref1
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref1
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref2
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref2
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref2
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref3
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref3
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref3
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref3
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref3
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref4
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref4
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref4
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref4
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref4
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref5
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref5
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref5
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref5
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref5
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref6
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref6
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref6
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref6
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref6
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref7
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref7
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref7
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref7
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref8
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref8
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref8
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref8
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref8
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref9
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref9
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref9
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref9
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref9
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref9


J A C C : C A R D I O V A S C U L A R I N T E R V E N T I O N S V O L . 1 6 , N O . 1 , 2 0 2 3 Bae et al
J A N U A R Y 9 , 2 0 2 3 : 6 4 – 7 5 Effect of Symptom-to-Catheter Time in NSTEMI

75
elevation of the European Society of Cardiology
(ESC). Eur Heart J. 2021;42(14):1289–1367.

10. Thygesen K, Alpert JS, Jaffe AS, et al. Fourth
Universal Definition of Myocardial Infarction
(2018). J Am Coll Cardiol. 2018;72:2231–2264.

11. Fox KA, Dabbous OH, Goldberg RJ, et al. Pre-
diction of risk of death and myocardial infarction in
the six months after presentation with acute cor-
onary syndrome: prospective multinational
observational study (GRACE). BMJ. 2006;333:
1091.

12. Neumann FJ, Sousa-Uva M, Ahlsson A, et al.
2018 ESC/EACTS Guidelines on myocardial revas-
cularization. Eur Heart J. 2019;40:87–165.

13. Garcia-Garcia HM, McFadden EP, Farb A, et al.
Standardized End Point Definitions for Coronary
Intervention Trials: The Academic Research
Consortium-2 Consensus Document. Circulation.
2018;137:2635–2650.

14. Ho DE, Imai K, King G, Stuart EA. Matching as
nonparametric preprocessing for reducing model
dependence in parametric causal inference. Polit
Anal. 2007;15:199–236.

15. Milasinovic D, Milosevic A, Vasiljevic-
Pokrajcic Z, et al. Three-Year Impact of Immediate
Invasive Strategy in Patients With Non-ST-
Segment Elevation Myocardial Infarction (from
the RIDDLE-NSTEMI Study). Am J Cardiol.
2018;122:54–60.

16. Damman P, Hirsch A, Windhausen F,
Tijssen JG, de Winter RJ. 5-year clinical outcomes
in the ICTUS (Invasive versus Conservative
Treatment in Unstable coronary Syndromes) trial
a randomized comparison of an early invasive
versus selective invasive management in pa-
tients with non-ST-segment elevation acute
coronary syndrome. J Am Coll Cardiol. 2010;55:
858–864.

17. Fox KA, Clayton TC, Damman P, et al. Long-
term outcome of a routine versus selective inva-
sive strategy in patients with non-ST-segment
elevation acute coronary syndrome a meta-
analysis of individual patient data. J Am Coll Car-
diol. 2010;55:2435–2445.

18. Lawton JS, Tamis-Holland JE, Bangalore S,
et al. 2021 ACC/AHA/SCAI guideline for coronary
artery revascularization: a report of the American
College of Cardiology/American Heart Association
Joint Committee on Clinical Practice Guidelines. J
Am Coll Cardiol. 2022;79(2):e21–e129.

19. Collet JP, Thiele H, Barbato E, et al. 2020 ESC
Guidelines for the management of acute coronary
syndromes in patients presenting without persis-
tent ST-segment elevation. Eur Heart J. 2021;42:
1289–1367.

20. Zhang MB, Guo C, Li M, Lv YH, Fan YD,
Wang ZL. Comparison of early and delayed inva-
sive strategies in short-medium term among pa-
tients with non-ST segment elevation acute
coronary syndrome: A systematic review and
meta-analysis. PLoS ONE. 2019;14:e0220847.

21. Milosevic A, Vasiljevic-Pokrajcic Z, Milasinovic D,
et al. Immediate versus delayed invasive interven-
tion for non-STEMI patients: the RIDDLE-NSTEMI
study. J Am Coll Cardiol Intv. 2016;9:541–549.

22. Cha JJ, Bae S, Park DW, et al. Clinical Out-
comes in Patients With Delayed Hospitalization for
Non–ST-Segment Elevation Myocardial Infarction.
J Am Coll Cardiol. 2022;79(4):311–323.

23. Cho KH, Han X, Ahn JH, et al. Long-Term
Outcomes of Patients With Late Presentation of
ST-Segment Elevation Myocardial Infarction. J Am
Coll Cardiol. 2021;77:1859–1870.

24. Ibanez B, James S, Agewall S, et al. 2017 ESC
Guidelines for the management of acute myocar-
dial infarction in patients presenting with
ST-segment elevation: The Task Force for the
management of acute myocardial infarction in
patients presenting with ST-segment elevation of
the European Society of Cardiology (ESC). Eur
Heart J. 2018;39:119–177.

25. Chang K, Ahn Y, Lim S, et al. 2021 Korean
Society of Myocardial Infarction Expert Consensus
Document on Revascularization for Acute
Myocardial Infarction. Korean. Circ J. 2021;51:289–
307.

KEY WORDS all-cause mortality, invasive
coronary angiography, myocardial infarction,
symptom onset

APPENDIX For supplemental methods,
tables, and figures, please see the online
version of this paper.

http://refhub.elsevier.com/S1936-8798(22)01855-6/sref9
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref9
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref10
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref10
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref10
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref11
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref11
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref11
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref11
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref11
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref11
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref12
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref12
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref12
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref13
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref13
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref13
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref13
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref13
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref14
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref14
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref14
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref14
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref15
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref15
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref15
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref15
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref15
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref15
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref16
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref16
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref16
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref16
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref16
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref16
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref16
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref16
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref16
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref17
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref17
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref17
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref17
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref17
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref17
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref18
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref18
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref18
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref18
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref18
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref18
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref19
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref19
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref19
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref19
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref19
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref20
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref20
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref20
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref20
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref20
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref20
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref21
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref21
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref21
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref21
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref22
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref22
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref22
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref22
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref23
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref23
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref23
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref23
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref24
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref24
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref24
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref24
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref24
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref24
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref24
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref24
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref25
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref25
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref25
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref25
http://refhub.elsevier.com/S1936-8798(22)01855-6/sref25

	Early Invasive Strategy Based on the Time of Symptom Onset of Non-ST-Segment Elevation Myocardial Infarction
	Methods
	Study protocols
	Study population and definition
	Clinical outcomes

	Statistical Analyses
	Results
	Baseline characteristics
	Clinical outcomes
	All-cause mortality according to subgroup analysis
	Independent predictors of delayed ICA in patients with NSTEMI

	Discussion
	Study limitations

	Conclusions
	Acknowledgment
	Funding Support and Author Disclosures
	References


