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Introduction

Early reperfusion of coronary flow, i.e., within 12 hours 
from symptom onset by primary percutaneous coronary 
intervention (PPCI) as per current guidelines, significantly 

reduces infarct size propitiating infarcted myocardial 

regeneration and left ventricular (LV) remodeling (1-3). 

However, wiring, thrombus aspiration and balloon dilation 

during PPCI favor a thrombotic environment within most 
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smokers (OR =1.46, 95% CI: 1.05 to 2.02, P=0.023) had higher rates.
Conclusions: Late delayed PCI (14–28 days) after STEMI was associated with a higher incidence of in-
hospital adverse events particularly in women and smokers but not with Killip class II–III heart failure, which 
might allow medical treatment to improve function.
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infarct-related arteries (IRA) especially within 12–48 hours 
of STEMI, which might result in immediate microvascular 
obstruction (MVO) with unfavorable prognosis (4,5). 
Several studies demonstrated that patients with an invasive 
approach (>12 hours) after STEMI had better clinical 
outcomes than patients with conservative treatment, 
which supports the idea of late reperfusion of STEMI  
(6-9). However, in the Occluded Artery Trial (OAT), 
routine PCI for a totally occluded IRA 3–28 days after 
acute MI failed to reduce five-year mortality, reinfarction, 
and severe heart failure rates (10). Because the best time 
to perform delayed revascularization remains controversial 
for patients who missed the golden revascularization time 
for STEMI, the present study aimed to assess in-hospital 
outcomes of delayed stenting 12 hours to 28 days after 
STEMI symptom onset.

Methods

Study population

Of the 38,036 patients with STEMI (defined as ST-
segment elevation consist with infarction of ≥ 2 mm in 
contiguous chest leads and/or ST-segment elevation ≥1 mm 
in ≥ 2 standard leads or new left bundle branch block, and 
positive cardiac necrosis markers) enrolled from November 
2014 to June 2017 in the CCC (Care for Cardiovascular 
disease in China) project, the present study retrospectively 
analyzed data from 7,698 patients who underwent delayed 
stenting, i.e., at >12 hours after symptom onset, and without 

cardiogenic shock, serious heart failure or thrombolysis,. The 
CCC project is an ongoing, nationwide, multicenter, cohort 
study, which is run by the American Heart Association (AHA) 
in collaboration with the Chinese Society of Cardiology 
(CSC). One hundred forty-five hospitals have been invited 
to participate in this project. All the hospitals have their 
own cardiology unit, a cardiology surgical unit, an internal 
medicine unit and perform ≥ 50 primary percutaneous 
intervention (PCI) per year. Data were collected from 
electronic case report forms by skilled physicians who were 
familiar with every patient. The study was approved by the 
Institutional Review Boards of participating hospitals and all 
patients provided written informed consent.

Patients between 18 and 85 years old, diagnosed with 
STEMI and who missed PPCI (within 12 hours) were 
included, and those with cardiogenic shock or serious heart 
failure for whom the recommended window for invasive 
coronary revascularization exceeded 12 hours, or patients 
treated with primary thrombolysis or delayed stenting  
(>28 day) were excluded.

All enrolled patients were divided according to delayed 
PCI timing after STEMI into 4 groups: very early (within 
12 to 72 hours), early (3–7 days), intermediate (7–14 days) 
and late (14–28 days) (Figure 1).

Study outcomes

The primary in-hospital outcome was rate of major adverse 
cardiovascular events (MACE), including death from any 
reason, cardiac death, recurrent myocardial infarction 

Figure 1 Subgroup analyses for all in-hospital events by sex.
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(MI), stent thrombosis and ischemic stroke. The secondary 
outcomes were rates of all bleeding events, heart failure and 
sudden cardiac arrest during hospitalization. All endpoint 
events were a composite of the primary and secondary 
endpoints.

Definition of events

Cardiac death was defined as death not clearly due to a 
noncardiac reason. Myocardial reinfarction was defined as 
recurrent symptoms with a new onset of ST-elevation or 
a complete left bundle branch block or with at least 20% 
revelation of CK-MB between two assays. Stent thrombosis 
was defined as Definite or confirmed event (symptoms 
suggestive of an acute coronary syndrome and angiographic 
or pathologic confirmation of stent thrombosis). Heart 
failure was defined as the presence of a third heart sound, 
New York Heart Association class, dyspnea, or evidence 
of pulmonary congestion on chest radiograph. SCA is a 
condition in which the heart suddenly and unexpectedly 
stops beating.

Statistical analysis

Means (standard deviation) and number (proportions) 
were calculated for characteristics according to PCI timing 
categories. To compare characteristics of the study subjects 
between PCI timing categories, analysis of variance was 
used for continuous variables and chi-squared or Kruskal-
Wallis rank-sum test for categorical variables. We used 
multiple unconditional logistic regression analyses to 
estimate the relationship between PCI timing and all, 
primary, and secondary events with adjustment for potential 
confounders, and odd ratios (OR) and 95% confidence 
intervals (95% CI) were calculated. Regression models 
for different clinical subgroups were also conducted. All 
P values were 2-tailed, with a significance level of 0.05. 
Data management and all analyses were performed using R 
software program, version 3.4.3 (http://www.R-project.org).

Results

A total of 63,641 patients with acute coronary syndrome 
was hospitalized in 145 hospitals from November 2014 to 
June 2017. Among the latter population, 38,036 patients 
presented with STEMI, of whom 7,698 underwent delayed 
PCI (12 hours–28 days after STEMI onset) and were 
included in the present study. A comparison of clinical 

characteristics and in-hospital outcomes among the 4 study 
groups by delayed PCI timing is shown in Table 1. Length 
of stay (LOS) differed among groups, with the longest LOS 
in late group (7.3 days). The intermediate and very early 
groups had the greatest proportion of smokers (49.9%) and 
of patients with cerebrovascular disease history (16.5%), 
respectively. Although the highest in-hospital all events 
rate was observed in the late group (13.5%), there was no 
significant difference in the rate of primary events among 
the 4 groups (P=0.588). During hospitalization, patients 
who underwent late PCI had higher rates of secondary 
events and heart failure than those who received very early, 
early and intermediate delayed PCI (secondary events: 
13.0% versus 8.0%, 8.1% and 9.3%, P<0.001; heart 
failure: 11.8% versus 6.2%, 6.3% and 7.6%, P<0.001, 
respectively).

For multivariable logistic regression analysis, the 
intermediate group was assigned as the reference category. 
We chose the variables that commonly affect cardiovascular 
clinical outcomes such as age, sex, etc. as regression models. 
In age and sex-adjusted analyses for all events, compared 
with the intermediate group, individuals in the late relative 
to those in early groups were at 46% higher risk of all 
events (OR =1.46, 95% CI: 1.21 to 1.77, P=0.000). Further 
adjusted for LOS time slightly diminish the effect sizes 
(OR =1.23, 95% CI: 1.01 to 1.50, P=0.041). After further 
adjustment for potential confounders (BMI, Killip class  
II-III, smoking, history of cerebrovascular disease, diabetes 
mellitus, dyslipidemia, hypertension or infarct related 
artery), the association remained significant (OR =1.26, 95% 
CI: 1.02 to 1.56, P=0.029). No significantly increased risks 
for all events were observed for very early or early group 
individuals in all analyses, compared with intermediate 
group individuals. Similar results were observed for rates 
of secondary events and heart failure, but not for those of 
primary events and sudden cardiac death (Table 2).

Subgroups analyses were performed based on important 
baseline information from the whole study (Figures 1-7). For 
patients under the age of 65 or 65 and older, no significant 
differences in rates of in-hospital events were observed 
among the 4 groups (Figure 2). The intermediate group (PCI 
on days 7–14) also was defined as the reference category for 
subgroup analyses. The cumulative rate for all events during 
hospitalization in late vs. intermediate group was higher 
for women (OR =1.67, 95% CI: 1.07 to 2.62, P=0.024) 
(Figure 1), but not for patients with heart failure (Killip 
class II or III; OR =1.02, 95% CI: 0.74 to 1.40, P=0.908) 
(Figure 6). Higher rate of all events during hospitalization 

http://www.R-project.org
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were observed in late group for patients without diabetes 
mellitus, compared with intermediate group (OR =1.29, 
95% CI: 1.00 to 1.66, P=0.048) (Figure 3). Similar 
results were observed for patients without hypertension  
(OR =1.42, 95% CI: 1.05 to 1.92, P=0.023) (Figure 4), but 
not for patients with diabetes mellitus or hypertension 
(Figures 3,4). For patients with/without cerebrovascular 
disease, no significant differences in rates of in-hospital 
all events were observed among the 4 groups (Figure 5). 
Moreover, smokers undergoing late vs. intermediate delayed 
PCI (on days 14–28) were at 46% higher risk for all events 

(OR =1.46, 95% CI: 1.05 to 2.02, P=0.023) (Figure 7).

Discussion

Previous studies have proven that final infarct size in 
STEMI patients with late reperfusion (>12 h) is larger than 
in patients with primary angioplasty (<12 h). However, 
substantial myocardial salvage can be obtained beyond 
the 12 hours limit, even when the infarct-related artery is 
totally occluded (11). For these reasons, early reperfusion 
therapy for patients with STEMI is indicated if the duration 

Table 1 Baseline characteristics and in-hospital outcomes by delayed PCI time group

Stratified by PCI time groups
P value

12–72 h 72 h–7 d 7–14 d 14–28 d

Baseline characteristics

N 641 1,928 3,788 1,341

Male, n (%) 518 (80.8) 1,573 (81.6) 3,015 (79.6) 1,056 (78.7) 0.172

Age, mean (SD), y 60.74 (11.46) 60.82 (11.44) 60.55 (11.22) 60.99 (11.30) 0.618

LOS, mean (SD), d 8.47 (6.38) 9.06 (4.40) 11.13 (5.06) 12.70 (7.30) <0.001

Makillip, n (%) 202 (31.5) 587 (30.4) 1,063 (28.1) 387 (28.9) 0.138

Smoking, n (%) 313 (48.8) 949 (49.2) 1,891 (49.9) 605 (45.1) 0.025

CVD history, n (%) 106 (16.5) 241 (12.5) 491 (13.0) 207 (15.4) 0.008

HTN n (%) 301 (47.0) 914 (47.4) 1,815 (47.9) 605 (45.1) 0.368

H-lipids, n (%) 47 (7.3) 123 (6.4) 250 (6.6) 71 (5.3) 0.270

DM, n (%) 137 (21.4) 386 (20.0) 743 (19.6) 296 (22.1) 0.235

In-hospital outcomes

All events, n (%) 53 (8.3) 163 (8.5) 362 (9.6) 181 (13.5) <0.001

Primary events, n (%) 7 (1.1) 22 (1.1) 37 (1.0) 9 (0.7) 0.588

Death from any reason, n (%) 2 (0.3) 11 (0.6) 16 (0.4) 6 (0.4) 0.814

Cardiac death, n (%) 2 (0.3) 10 (0.5) 15 (0.4) 6 (0.4) 0.879

Recurrent MI, n (%) 0 (0.0) 6 (0.3) 6 (0.2) 2 (0.1) 0.371

Stent thrombosis, n (%) 1 (0.2) 5 (0.3) 6 (0.2) 2 (0.1) 0.836

Ischemic stroke, n (%) 4 (0.6) 5 (0.3) 13 (0.3) 1 (0.1) 0.18

Secondary events, n (%) 51 (8.0) 157 (8.1) 351 (9.3) 175 (13.0) <0.001

Bleeding events, n (%) 10 (1.6) 22 (1.1) 42 (1.1) 14 (1.0) 0.767

Heart failure, n (%) 40 (6.2) 121 (6.3) 287 (7.6) 158 (11.8) <0.001

SCA, n (%) 11 (1.7) 25 (1.3) 52 (1.4) 25 (1.9) 0.502

Data are expressed as mean (SD) or number (percentage). LOS indicates length of stay; MaKillip, killip class II or III; CVD, cerebral vascular 
disease; HBP, high blood pressure; H-lipids, hyperlipidemia; DM, diabetes mellitus; MI, myocardial infarction; SCA, sudden cardiac arrest.
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Table 2 Association between PCI time and clinical events

Outcomes
PCI time
groups

Number of 
events (%)

Model 1 Model 2 Model 3

OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value

All events 12–72 h 53 (8.3) 0.84 (0.62, 1.14) 0.272 0.97 (0.71, 1.33) 0.863 0.89 (0.64, 1.23) 0.470

72 h–7 d 163 (8.5) 0.86 (0.71, 1.05) 0.139 1.00 (0.82, 1.22) 0.991 0.98 (0.79, 1.20) 0.805

7–14 d 362 (9.6) Reference Reference Reference

14–28 d 181 (13.5) 1.46 (1.21, 1.77) 0.000 1.23 (1.01, 1.50) 0.041 1.26 (1.02, 1.56) 0.029

Primary events 12–72 h 7 (1.1) 1.11 (0.49, 2.50) 0.803 1.18 (0.52, 2.67) 0.689 1.09 (0.48, 2.48) 0.845

72 h–7 d 22 (1.1) 1.17 (0.69, 1.98) 0.573 1.27 (0.74, 2.17) 0.387 1.27 (0.74, 2.19) 0.391

7 d–14 d 37 (1.0) Reference Reference Reference

14–28 d 9 (0.7) 0.67 (0.32, 1.40) 0.290 0.63 (0.30, 1.31) 0.213 0.65 (0.31, 1.36) 0.250

Secondary events 12–72 h 51 (8.0) 0.84 (0.62, 1.14) 0.259 0.97 (0.70, 1.33) 0.837 0.88 (0.63, 1.22) 0.443

72 h–7 d 157 (8.1) 0.86 (0.70, 1.05) 0.128 1.00 (0.82, 1.22) 0.980 0.97 (0.79, 1.20) 0.780

7–14 d 351 (9.3) Reference Reference Reference

14–28 d 175 (13.0) 1.46 (1.20, 1.77) 0.000 1.22 (1.00, 1.49) 0.056 1.24 (1.01, 1.54) 0.045

Heart failure 12–72 h 40 (6.2) 0.8 (0.57, 1.13) 0.208 0.91 (0.64, 1.3) 0.612 0.84 (0.58, 1.22) 0.367

72 h–7 d 121 (6.3) 0.81 (0.65, 1.00) 0.055 0.93 (0.75, 1.17) 0.554 0.91 (0.71, 1.15) 0.427

7–14 d 287 (7.6) Reference Reference Reference

14–28 d 158 (11.8) 1.61 (1.31, 1.98) <0.001 1.35 (1.09, 1.68) 0.006 1.38 (1.09, 1.74) 0.007

Model 1 adjusted age, sex; Model 2 further adjusted LOS time; Model 3 further adjusted BMI, MaKillip, smoking, history of CVD or DM or 
dyslipidemia or hypertension, SBP, DBP, glucose, TC, HDL, LDL, TG and IRA. LOS, length of stay; BMI (Body mass index); MaKillip, killip 
II or III; CVD, cerebral vascular disease; DM, diabetes mellitus; SBP, systolic pressure; DBP, diastolic pressure; TC, total cholesterol; HDL, 
high density lipoprotein; LDL, low density lipoprotein; TG, triglyceride; IRA, infarct related artery.

Figure 2 Subgroup analyses for all in-hospital events by age.
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of symptoms is <12 hours by the guidelines from the 
European and American societies of Cardiology. In patients 
with time from symptoms onset >12 hours, primary PCI is 
still recommended in the presence of continuing ischemia, 
life threatening-arrhythmia or if pain and ECG changes 
have been stuttering (3,12).

The thrombotic environment within 12–48 hours of 
acute myocardial infarction would be anticipated to result in 
reduced coronary blood flow during coronary intervention, 

with an incidence of 50% (5,13). The main mechanism is 
MVO, and primary segments with MVO showed late wall 
thinning and no functional recovery at five months (14). 

The Beyond 12 hours Reperfusion Alternative Evaluation 
(BRAVE-2) trial showed a significant reduced area of 
myocardial infraction in patients treated with PCI (within 
12–48 hours) compared with conservative therapy (6).  
Korea Acute Myocardial Infraction Registry (KAMIR) 
Investigators evaluated the benefit of PCI in stable early 

Figure 3 Subgroup analyses for all in-hospital events by presence/absence of diabetes mellitus.

Figure 4 Subgroup analyses for all in-hospital events by presence/absence of hypertension.
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latecomers with STEMI presenting 12–72 hours after 
symptom onset; PCI was associated with lower in-hospital 
mortality and improvement in the 12-month clinical 
outcomes (7). In the Prospective National Observational 
Study (PL-ACS) on 2,306 hemodynamically stable patients 
with STEMI presenting 12 to 24 hours after symptom 
onset, patients undergoing an invasive approach had lower 
mortality after 12 months than patients with conservative 
treatment, which supports the idea of late reperfusion 
of STEMI (8). In addition, Abbate et al.’s meta-analysis 

demonstrated that PCI of the infarct-related artery (IRA) 
performed late (12 h to 60 days) after AMI is associated  
with significant improvements in cardiac function and 
survival (9). However, Yang et al.’s meta-analysis showed 
that PCI performed >12 h but not 2–60 days after AMI 
is associated with significant improvement in clinical 
outcomes (15). Moreover, OAT demonstrated that routine 
PCI for a totally occluded IRA 3–28 days after acute MI 
failed to reduce 5-year mortality, reinfarction, and severe 
heart failure (10). It should be noted that patients with 

Figure 5 Subgroup analyses for all in-hospital events by presence/absence of cerebrovascular disease.

Figure 6 Subgroup analyses for all in-hospital events by Killip class.
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hemodynamic instability were excluded from the latter 
study. Therefore, for the patients who missed the primary 
reperfusion time of STEMI, with hemodynamic stability, 
when to perform delayed revascularization remains 
controversial.

The purpose of our study was to assess the efficacy 
during hospitalization of delayed stenting in patients with 
STEMI within 12 hours to 28 days after symptoms onset. 
Patients with hemodynamic instability were excluded. 
All the patients were divided into four groups according 
to timing of revascularization. The study showed that 
patients with late PCI (14–28 days) had higher in-hospital 
rate of secondary outcomes especially heart failure but 
not of the primary outcome of MACE. Zheng et al. (16)  
also investigated STEMI patients who missed out on early 
reperfusion and underwent delayed PCI (2–28 days after 
PCI). They found delayed PCI at 15–28 days was associated 
with higher rate of 1-year MACE. The subgroup analysis 
of our research revealed that women had worse in-hospital 
outcomes in late group (14–28 days). This was consistent 
with the subgroup analysis of the OAT in which women had 
a higher primary endpoint event rate than did men, mainly 
driven by heart failure (17), which might be explained by 
women with STEMI being generally older, with more 
clustering risk factors than men, and less likely to present 
with ST-segment elevation, which would be anticipated 
to result in patient delay and worse outcomes (17-19). 

However, female patients included in CCC project are 
underrepresented. Future researches from larger studies is 

needed for a deep understanding of women with STEMI 
and delayed PCI. The other subgroup analyses showed 
that smokers in the late delayed PCI group (14–28 days) 
experienced a significant higher risk of all events during 
hospitalization. However, advanced age and comorbidities 
such as diabetes mellitus, hypertension and cerebrovascular 
disease were not associated with a risk disadvantage for the 
late group. We do not have an explanation for this finding. 
Interestingly, in STEMI patients with Killip class II or III 
on admission, early delayed PCI (12 h to 14 d) was not 
associated with a significant benefit of in-hospital outcomes, 
suggesting that it might be safe to use medical therapy to 
improve cardiac function before PCI during hospitalization. 
However, long-term prognosis is unpredictable given the 
limitations of this study.

Limitations

The present study has the limitations inherent to the 
multicenter, observational cohort study design of the CCC 
project, and it cannot replace a randomized controlled 
trial. Data were collected from different regions and 
hospitals throughout China, rendering inevitable inherent 
uncontrolled differences in clinical practice among hospitals 
and geographical regions. Details on PCI procedures such 
as the TIMI blood flow during PCI were unavailable. In 
addition, the present study only assessed rates of adverse 
events during hospitalization, Therefore, the results need to 
be verified in clinical larger prospective studies with long-

Figure 7 Subgroup analyses for all in-hospital events by smoking status.
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term follow-up. 

Conclusions

In conclusion, late delayed PCI (14–28 days) after 
STEMI was associated with a higher incidence of adverse 
events particularly among women and smokers but not 
individuals with advanced age or comorbidities such as 
diabetes mellitus, hypertension and cerebrovascular disease. 
Moreover, it would appear safe for STEMI patients with 
heart failure (Killip class II–III) to be treated medically to 
improve cardiac function before delayed PCI. 
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