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A B S T R A C T   

Objective: To investigate the prevalence and outcomes of primary percutaneous coronary intervention (PCI) in 
Chinese patients with ST-segment elevation myocardial infarction (STEMI) aged ≥75 years. 
Methods: We identified STEMI patients aged ≥75 years between 2013 and 2014 from a multicenter registry. The 
primary outcome was all-cause mortality. The secondary outcome was major adverse cardiac and cerebrovas-
cular event (MACCE) including a composite of all-cause mortality, cardiac death, recurrent MI, stroke, revas-
cularization, and major bleeding. Hazard ratios (HR) and associated 95% confidence interval (CI) were 
calculated. 
Results: Approximately 32.9% (n = 999) patients received primary PCI. Primary PCI was associated with lower 
risks of two-year all-cause mortality (18.0% vs. 36.4%; adjusted HR: 0.54, 95% CI: 0.45 to 0.65, P < 0.0001), 
MACCE (28.7% vs. 43.5%; adjusted HR: 0.68, 95% CI: 0.59 to 0.80, P < 0.0001), and cardiac death (10.0% vs. 
23.6%; adjusted HR: 0.49, 95% CI: 0.38 to 0.62, P < 0.0001) relative to no reperfusion (n = 2041) in patients 
aged ≥75 years. The better outcomes in two-year all-cause mortality, MACCE, and cardiac death were consis-
tently observed in STEMI patients aged ≥85 years. No differences were observed in recurrent MI, stroke, 
revascularization, and major bleeding between the two groups. Additionally, in patients with relatively high-risk 
profiles such as cardiogenic shock or delaying hospital admission, primary PCI was also superior to no 
reperfusion. 
Conclusion: Primary PCI may decrease two-year all-cause mortality, MACCE, and cardiac death in STEMI patients 
aged ≥75 years, even in these with age ≥85 years, cardiogenic shock, or delaying hospital admission. However, 
primary PCI was underutilized in Chinese clinical practice.   

1. Introduction 

Older patients aged ≥75 years constitute 14–28% of all patients with 
ST-segment elevation myocardial infarction (STEMI) [1,2], and is 
associated with high mortality since comorbidities increase with age 
[3]. Because of the rapid growth of the older population, the World 
Health Organization predicts that coronary heart disease deaths will 
increase by 120–137% during the next two decades [4]. Although pre-
vious studies indicated that primary percutaneous coronary intervention 
(PCI) in older patients was associated with improved survival compared 
with no reperfusion, and the recent guidelines also support invasive 

management regardless of age [5,6], yet these conclusions are mainly 
derived from observational studies or subgroup analyses of randomized 
trials [7–12]. No dedicated randomized trials are available for the 
management of STEMI patients with older age, thus limiting the 
generalizability and translation of these results to older patients. Addi-
tionally, these studies mainly involved patients aged more than 65 or 75 
years, yet the clinical outcomes in patients with very old age (85 years or 
more) were less studied and need to be determined in later studies. 
According to data from the National Inpatient Sample database in the 
USA, in real-world scenarios, the rate of primary PCI declines with age, 
with only 38% of patients aged more than 80 years receiving primary 

* Corresponding author. 
** Corresponding author. 

E-mail addresses: sophie_gao@sina.com (X. Gao), yangyjfw@126.com (Y. Yang).  

Contents lists available at ScienceDirect 

International Journal of Cardiology  
Cardiovascular Risk and Prevention 

journal homepage: www.journals.elsevier.com/international-journal-of-cardiology- 

cardiovascular-risk-and-prevention 

https://doi.org/10.1016/j.ijcrp.2024.200251 
Received 27 October 2023; Received in revised form 18 February 2024; Accepted 22 February 2024   

mailto:sophie_gao@sina.com
mailto:yangyjfw@126.com
www.sciencedirect.com/science/journal/27724875
https://www.journals.elsevier.com/international-journal-of-cardiology-cardiovascular-risk-and-prevention
https://www.journals.elsevier.com/international-journal-of-cardiology-cardiovascular-risk-and-prevention
https://doi.org/10.1016/j.ijcrp.2024.200251
https://doi.org/10.1016/j.ijcrp.2024.200251
https://doi.org/10.1016/j.ijcrp.2024.200251
http://creativecommons.org/licenses/by-nc-nd/4.0/


International Journal of Cardiology Cardiovascular Risk and Prevention 21 (2024) 200251

2

PCI as compared with 78% of those aged less than 60 years [13], which 
may be related to the perceived higher risks of invasive procedures. 
Moreover, great gaps existed between developed and developing coun-
tries. The aforementioned studies are mainly conducted in developed 
countries whereas little information is known about the situation in 
developing countries such as China. 

In this context, using the China Acute Myocardial Infarction (CAMI) 
Registry, the aims of the current study are to establish the prevalence of 
primary PCI use in Chinese clinical practice and to evaluate whether 
primary PCI is associated with better outcomes in STEMI patients aged 
≥75 years, even in those aged ≥85 years. 

2. Methods 

2.1. Study population 

The prospective, nationwide, multicenter CAMI Registry is an 
observational study enrolling acute myocardial infarction (AMI) pa-
tients between January 2013 and September 2014 [14]. 108 hospitals in 
total from 27 provinces and 4 municipalities in Mainland China 
participated, including 31 provincial hospitals (university-affiliated ac-
ademic hospitals located in the capital city of each province), 45 
municipal hospitals (hospitals in medium-sized cities), and 32 county 
hospitals (hospitals in the smallest cities, usually with surrounding rural 
areas). Eventually, 26,648 patients with AMI were included. The study 
protocol conforms to the ethical guidelines of the 1975 Declaration of 
Helsinki and has been registered on www.clinicaltrials.gov 
(NCT01874691). Written informed consent was obtained from eligible 
patients before registration. Data were collected and submitted through 
a web-based electronic data capture system. Senior cardiologists who 
were responsible for the data quality control undertook periodic data-
base checking. Trained physicians at each participating site conducted 
follow-up in a real-time manner to ensure data accuracy and reliability 
[14]. AMI is diagnosed following the third universal definition of 
myocardial infarction [15]. All-cause mortality was defined as any death 
during or after the procedure and was considered to be of cardiac origin 
unless obvious noncardiac causes could be established [16]. Major 
bleeding was defined according to the Thrombolysis in Myocardial 
Infarction (TIMI) classification [17]. In the present analysis, STEMI 
patients aged ≥75 years were included. Patients who underwent coro-
nary artery bypass graft (CABG) or thrombolysis were excluded. 

2.2. Clinical outcomes 

The primary outcome was all-cause mortality. The secondary 
outcome was major adverse cardiac and cerebrovascular event (MACCE) 
including a composite of all-cause mortality, cardiac death, recurrent 
MI, stroke, revascularization (PCI/CABG), and major bleeding. 

2.3. Statistics 

Baseline characteristics were described by number and percentage 
for categorical data, mean ± SD for normally distributed continuous 
data, or median and interquartile range for non-normally distributed 
continuous data, respectively. Differences in baseline characteristics 
were assessed by chi-square tests, 2-sample Student t-tests, or Mann- 
Whitney U test, respectively. Kaplan-Meier curves were used to assess 
the cumulative incidences of clinical events, and differences between 
patients who received primary PCI and those who did not receive 
reperfusion were evaluated with the log-rank test. Multivariable Cox 
proportional-hazards models were used to assess the risk of primary PCI 
relative to no reperfusion therapy for the primary and secondary out-
comes, expressed as hazard ratios (HR) and associated 95% confidence 
interval (CI). The HR was adjusted for important covariables that had 
significant effects (P < 0.1) in the univariate analysis or were deemed to 
be associated with clinical outcomes. Eventually, the adjusted variables 

included age, sex, hypertension, hyperlipemia, diabetes, prior MI, prior 
stroke, hospital level, symptoms onset to admission time, GRACE risk 
score, Killip class, angiotensin-converting enzyme inhibitor/angiotensin 
receptor blockers (ACEI/ARB), and beta-blockers. To mitigate the in-
fluence of “immortal time bias”, patients who died within 48 h were 
excluded as a sensitivity analysis. For all analyses, statistical significance 
was defined as P < 0.05. Statistical evaluation was performed using SAS 
9.4 software (SAS Institute, Cary, North Carolina). 

3. Results 

Of the 3168 STEMI patients aged ≥75 years, after excluding 127 
patients receiving thrombolysis and one patient receiving CABG, even-
tually, 2041 patients not receiving reperfusion and 999 patients 
receiving primary PCI were included in the present analysis (Supple-
mentary Fig. 1). 

3.1. Baseline clinical and procedural characteristics in STEMI patients 
aged ≥75 years 

Overall, compared with patients in the no reperfusion group, those in 
the primary PCI group were younger males and had higher prevalence of 
smoke and hyperlipemia, but lower prevalence of heart failure and 
stroke (Table 1). They were also more likely to be admitted to provincial 
hospitals at an early time from symptom onset to admission. Heart rate, 
the prevalence of atrial flutter/fibrillation, Killip II-IV, and cardiogenic 
shock were lower in the primary PCI group, yet ventricular flutter/ 
fibrillation was higher. Although TIMI 0 and I (78.8%) were high in the 
primary PCI group before PCI procedure, 93.7% of patients achieved 
TIMI 3 after primary PCI. Moreover, patients in the primary PCI group 
were more likely to receive aspirin, clopidogrel/ticagrelor, GP IIb/IIIa 
receptor antagonist, statins, beta-blockers, and ACEI/ARB during or 
after admission, yet they were less likely to receive nitrate. 

3.2. 30-Day and two-year clinical outcomes in STEMI patients aged ≥75 
years 

With regard to 30-day clinical outcomes, the primary PCI group had 
a significantly lower incidence of all-cause mortality (9.3% vs. 23.0%, 
unadjusted HR: 0.38, 95% CI: 0.30 to 0.47, P < 0.0001; adjusted HR: 
0.49, 95% CI: 0.39 to 0.63, P < 0.0001, Table 2) compared with no 
reperfusion group (Table 2). The incidences of MACCE (14.8% vs. 
27.9%, unadjusted HR: 0.50, 95% CI: 0.41 to 0.60, P < 0.0001; adjusted 
HR: 0.62, 95% CI: 0.50 to 0.76, P < 0.0001) and cardiac death (6.9% vs. 
17.1%, unadjusted HR: 0.39, 95% CI: 0.30 to 0.51, P < 0.0001; adjusted 
HR: 0.49, 95% CI: 0.37 to 0.66, P < 0.0001) were also significantly 
lower in the primary PCI group than that in the no reperfusion group. 
Both groups had comparable incidences of recurrent MI, stroke, revas-
cularization, and major bleeding. After two years of follow-up, patients 
in the primary PCI group consistently had a significantly lower incidence 
of all-cause mortality (18.0% vs. 36.4%, unadjusted HR: 0.44, 95% CI: 
0.37 to 0.51, P < 0.0001; adjusted HR: 0.54, 95% CI: 0.45 to 0.65, P <
0.0001), MACCE (28.7% vs. 43.5%, unadjusted HR: 0.58, 95% CI: 0.51 
to 0.67, P < 0.0001; adjusted HR: 0.68, 95% CI: 0.59 to 0.80, P <
0.0001), and cardiac death (10.0% vs. 23.6%, unadjusted HR: 0.40, 95% 
CI: 0.32 to 0.51, P < 0.0001; adjusted HR: 0.49, 95% CI: 0.38 to 0.62, P 
< 0.0001) relative to patients in the no reperfusion group. Although the 
rate of revascularization was lower in the primary PCI group, yet the 
difference disappeared after multivariable adjustment. As a sensitivity 
analysis, patients who died within 48 h were excluded to mitigate the 
influence of “immortal time bias”. The results consistently revealed that 
primary PCI was superior to no reperfusion in reducing 30-day and two- 
year all-cause mortality, MACCE, and cardiac death (Supplementary 
Table 1). 

Multivariable adjusted Kaplan-Meier curves of the clinical outcomes 
in Fig. 1 revealed that primary PCI was associated with lower incidences 
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Table 1 
Baseline and procedural characteristics in STEMI patients aged ≥75 Years or ≥85 Years with different treatment modalities.   

Age ≥ 75 years Age ≥ 85 years 

Total 
(3040) 

No reperfusion (n =
2041) 

Primary PCI (n 
= 999) 

P value Total (448) No reperfusion (n 
= 354) 

Primary PCI (n 
= 94) 

P value 

Demographic characteristics 
Age, years 80.18 ±

4.01 
80.50 ± 4.17 79.54 ± 3.58 <0.0001 87.60 ±

2.70 
87.62 ± 2.79 87.54 ± 2.36 0.8117 

Male, n (%) 1804 
(59.3) 

1157 (56.7) 647 (64.8) <0.0001 241 (53.8) 183 (51.7) 58 (61.7) 0.0822 

BMI, kg/m2 23.29 ±
11.30 

22.94 ± 3.29 23.99 ± 19.13 0.0865 22.53 ±
3.04 

22.37 ± 2.92 23.13 ± 3.39 0.0314 

Risk factors, n (%) 
Smoker 1085 

(35.7) 
695 (34.1) 390 (39.0) 0.0072 128 (28.6) 97 (27.4) 31 (33.0) 0.2923 

Current smoker 639 (21.0) 400 (19.6) 239 (23.9) 0.0064 69 (15.4) 48 (13.6) 21 (22.3) 0.0434 
Hypertension 1651 

(54.3) 
1105 (54.1) 546 (54.7) 0.7891 222 (49.6) 165 (46.6) 57 (60.6) 0.0153 

Diabetes 513 (16.9) 342 (16.8) 171 (17.1) 0.8033 56 (12.5) 35 (9.9) 21 (22.3) 0.0023 
Hyperlipemia 112 (3.7) 47 (2.3) 65 (6.5) <0.0001 17 (3.8) 4 (1.1) 13 (13.8) <0.0001 
Prior MI 195 (6.4) 142 (7.0) 53 (5.3) 0.0762 30 (6.7) 25 (7.1) 5 (5.3) 0.5375 
Prior PCI 103 (3.4) 62 (3.0) 41 (4.1) 0.1327 9 (2.0) 7 (2.0) 2 (2.1) 1.0000 
Prior CABG 9 (0.3) 6 (0.3) 3 (0.3) 1.0000 0 0 0 NA 
Prior heart failure 98 (3.2) 77 (3.8) 21 (2.1) 0.0111 16 (3.6) 15 (4.2) 1 (1.1) 0.2117 
Prior stroke 370 (12.2) 272 (13.3) 98 (9.8) 0.0046 16 (3.6) 59 (16.7) 6 (6.4) 0.0065 
Prior peripheral artery diseases 21 (0.7) 14 (0.7) 7 (0.7) 0.9632 16 (3.6) 5 (1.4) 2 (2.1) 0.6409 
Prior renal failure 42 (1.4) 31 (1.5) 11 (1.1) 0.3446 6 (1.3) 5 (1.4) 1 (1.1) 1.0000 
Prior COPD 139 (4.6) 95 (4.7) 44 (4.4) 0.7557 15 (3.3) 10 (2.8) 5 (5.3) 0.3283 
Hospital level, n (%)    <0.0001    <0.0001 
Provincial level 914 (30.1) 465 (22.8) 449 (44.9)  104 (23.2) 64 (18.1) 40 (42.6)  
Municipal level 1634 

(53.8) 
1126 (55.2) 508 (50.9)  242 (54.0) 195 (55.1) 47 (50.0)  

County level 492 (16.2) 450 (22.0) 42 (4.2)  102 (22.8) 95 (26.8) 7 (7.4)  
Symptoms onset to admission 

time ≥12h, n (%) 
1249 
(41.1) 

1127 (55.2) 122 (12.2) <0.0001 193 (43.1) 185 (52.3) 8 (8.5) <0.0001 

Admission status 
Heart rate, (beats/min) 78 (66, 90) 78.00 (67, 92) 74 (62, 85) <0.0001 80 (68, 94) 82 (70, 98) 76 (60, 84) <0.0001 
Systolic pressure, (mmHg) 126 (110, 

142) 
126 (110, 143) 125 (110, 142) 0.5688 127 (109, 

144) 
129 (110, 145) 125 (108, 136) 0.4008 

Malignant arrhythmia, n (%) 321 (10.6) 211 (10.3) 110 (11.0) 0.5718 54 (12.1) 44 (12.4) 10 (10.6) 0.6310 
Atrial flutter/fibrillation 104 (3.4) 79 (3.9) 25 (2.5) 0.0453 25 (5.6) 21 (5.9) 4 (4.3) 0.5162 
Atrial-ventricular block 113 (3.7) 72 (3.5) 41 (4.1) 0.4337 19 (4.2) 15 (4.2) 4 (4.3) 1.0000 
Ventricular flutter/fibrillation 46 (1.5) 20 (1.0) 26 (2.6) 0.0009 5 (1.1) 4 (1.1) 1 (1.1) 1.0000 
Killip II-IV, n (%) 1194 

(39.3) 
911 (44.6) 283 (28.3) <0.0001 206 (46.0) 174 (49.2) 32 (34.0) 0.0084 

Cardiogenic shock, n (%) 248 (8.2) 191 (9.4) 57 (5.7) 0.0004 48 (10.7) 40 (11.3) 8 (8.5) 0.4258 
GRACE risk score ≥155, n (%) 2490 

(81.9) 
1680 (82.3) 810 (81.1) 0.4075 395 (88.2) 315 (89.0) 80 (85.1) 0.3128 

Procedural characteristics, n (%) 
Radial access – 861 (86.2) – –   78 (83.0)  
DES – 938 (93.9) – –   81 (86.2)  
TIMI before PCI         

0 – 678 (67.9) – –   58 (61.7)  
I – 109 (10.9) – –   14 (14.9)  
II – 82 (8.2) – –   8 (8.5)  
III – 130 (13.0) – –   14 (14.9)  

TIMI after PCI         
0 – 15 (1.5) – –   2 (2.1)  
I – 22 (2.2) – –   3 (3.2)  
II – 26 (2.6) – –   4 (4.3)  
III – 936 (93.7) – –   85 (90.4)  

In-hospital medications, n (%) 
Aspirin 2831 

(93.1) 
1853 (90.8) 978 (97.9) <0.0001 403 (90.0) 311 (87.9) 92 (97.9) 0.0009 

Clopidogrel/ticagrelor 2790 
(91.8) 

1826 (89.5) 964 (96.5) <0.0001 403 (90.0) 311 (87.9) 92 (97.9) 0.0009 

GP inIIb/IIIa receptor antagonist 676 (22.2) 206 (10.1) 470 (47.0) <0.0001 55 (12.3) 22 (6.2) 33 (35.1) <0.0001 
Heparin 2570 

(84.5) 
1708 (83.7) 862 (86.3) 0.0601 348 (77.7) 274 (77.4) 74 (78.7) 0.7835 

Statins 2834 
(93.2) 

1878 (92.0) 956 (95.7) 0.0001 416 (92.9) 329 (92.9) 87 (92.6) 0.8981 

Beta-blockers 1796 
(59.1) 

1139 (55.8) 657 (65.8) <0.0001 247 (55.1) 189 (53.4) 58 (61.7) 0.1479 

ACEI/ARB 1606 
(52.8) 

1035 (50.7) 571 (57.2) 0.0008 213 (47.5) 159 (44.9) 54 (57.4) 0.0305 

Admission time, days 
CCU days 3 (1, 7) 3 (0, 7) 3 (2, 6) 0.1707 3 (1, 6) 3 (0, 6) 3 (2, 6) 0.1288 

(continued on next page) 

M. Hu et al.                                                                                                                                                                                                                                      



International Journal of Cardiology Cardiovascular Risk and Prevention 21 (2024) 200251

4

of two-year all-cause mortality (Fig. 1A), MACCE (Fig. 1B), and cardiac 
death (Fig. 1C), which is similar with the unadjusted Kaplan-Meier 
curves (Supplementary Fig. 2). 

3.3. Subgroup analysis of all-cause mortality and MACCE in STEMI 
patients aged ≥75 years 

To determine whether the outcomes observed in the overall popu-
lation were consistent, we calculated the HR for all-cause mortality and 
MACCE in various complex subgroups. The better outcomes associated 
with primary PCI in terms of two-year all-cause mortality were consis-
tent across various subgroups including patients with relatively high- 
risk profiles such as age ≥85 years, hypertension, diabetes, heart fail-
ure, smoke, symptom onset to admission time ≥12 h, Killip II-IV, Grace 
score ≥155, cardiogenic shock, or left ventricular ejection fraction 
≤40%. Even for patients admitted in county hospitals with limited 
medical resources, primary PCI was superior to no reperfusion (Fig. 2A). 
Similar results were obtained for 30-day all-cause mortality (Supple-
mentary Fig. 3), 30-day MACCE (Supplementary Fig. 4), and two-year 
MACCE (Supplementary Fig. 5). 

3.4. Independent predictors of all-cause mortality and MACCE in STEMI 
patients aged ≥75 years 

Primary PCI, male, provincial hospitals, municipal hospitals, aspirin, 
statins, beta-blockers, and ACEI/ARB were associated with decreased 
risks of both 30-day all-cause mortality and MACCE, while age, diabetes, 
GRACE risk score, and cardiogenic shock were associated with increased 
risks of both 30-day all-cause mortality and MACCE (Supplementary 
Table 2). Similar results were observed with two-year all-cause mor-
tality and MACCE (Supplementary Table 3). 

3.5. Baseline clinical and procedural characteristics in STEMI patients 
aged ≥85 years 

For STEMI patients aged ≥85 years receiving primary PCI, they had 
higher BMI (body mass index) and were more likely to be current 
smokers and have comorbidities such as hypertension, diabetes, and 
hyperlipemia. They were also more likely to be admitted in provincial 
hospitals in an early time. Additionally, aspirin, clopidogrel/ticagrelor, 
GP IIb/IIIa receptor antagonist, statins, and ACEI/ARB were more 
common in the primary PCI group. However, prior stroke, Killip II-IV, 
and nitrate were less common in the primary PCI group. The heart 
rate was also lower in the primary PCI group. 76.6% patients had TIMI 

0 or 1 before PCI in the primary PCI group, yet after performing primary 
PCI, 90.4% patients achieved TIMI 3. 

3.6. 30-Day and two-year clinical outcomes in STEMI patients aged ≥85 
years 

Similar with STEMI patients aged ≥75 years, those aged ≥85 years 
receiving primary PCI also had lower risks of both 30-day and two-year 
all-cause mortality, MACCE, and cardiac death (Table 2). After 
excluding patients who died within 48 h after admission, primary PCI 
was still superior to no reperfusion (Supplementary Table 1). 

Multivariable adjusted Kaplan-Meier curves in Fig. 3 revealed that 
primary PCI could decrease two-year all-cause mortality (Fig. 3A), 
MACCE (Fig. 3B), and cardiac death (Fig. 3C), which was similar with 
the unadjusted Kaplan-Meier curves in Supplementary Fig. 6. 

3.7. Subgroup analysis of all-cause mortality and MACCE in STEMI 
patients aged ≥85 years 

Similarly, the better outcomes associated with primary PCI in terms 
of two-year all-cause mortality were consistent across various subgroups 
including those with hypertension, Grace score ≥155, or cardiogenic 
shock (Fig. 2B). Similar results were observed for 30-day all-cause 
mortality (Supplementary Fig. 7), 30-day MACCE (Supplementary 
Fig. 8), and two-year MACCE (Supplementary Fig. 9). 

3.8. Independent predictors of all-cause mortality and MACCE in STEMI 
patients aged ≥85 years 

Primary PCI, provincial hospitals, municipal hospitals, and statin 
were independent predictors to decrease both 30-day all-cause mortality 
and MACCE, whereas age and cardiogenic shock were independent 
predictors to increase both 30-day all-cause mortality and MACCE 
(Supplementary Table 2). Similar results were obtained for two-year all- 
cause mortality and MACCE (Supplementary Table 3). 

4. Discussion 

The main findings of our analysis are that primary PCI was related to 
a substantial reduction in both short- and long-term all-cause mortality, 
MACCE, and cardiac death in STEMI patients aged ≥75 years, even in 
these aged ≥85 years. No significant differences were observed in 
recurrent MI, stroke, revascularization, or major bleeding between the 
two groups. Additionally, in patients with relatively high-risk profiles 

Table 1 (continued )  

Age ≥ 75 years Age ≥ 85 years 

Total 
(3040) 

No reperfusion (n =
2041) 

Primary PCI (n 
= 999) 

P value Total (448) No reperfusion (n 
= 354) 

Primary PCI (n 
= 94) 

P value 

In-hospital days 10 (6, 14) 10 (6, 14) 10 (7, 13) 0.1619 9 (4, 13) 9 (3, 13) 10 (6, 15) 0.2862 
Discharge medications, n (%) 
Aspirin 2251 

(74.0) 
1424 (69.8) 827 (82.8) <0.0001 282 (62.9) 211 (59.6) 71 (75.5) 0.0036 

Clopidogrel/ticagrelor 2201 
(72.4) 

1382 (67.7) 819 (82.0) <0.0001 287 (64.1) 214 (60.5) 73 (77.7) 0.0015 

Statins 2280 
(75.0) 

1456 (71.3) 824 (82.5) <0.0001 293 (65.4) 221 (62.4) 72 (76.6) 0.0085 

Beta-blockers 1472 
(48.4) 

915 (44.8) 557 (55.8) <0.0001 186 (41.5) 140 (39.5) 46 (48.9) 0.1022 

ACEI/ARB 1279 
(42.1) 

811 (39.7) 468 (46.8) 0.0002 165 (36.8) 125 (35.3) 40 (42.6) 0.1987 

Nitrate 1352 
(44.5) 

963 (47.2) 389 (38.9) <0.0001 177 (39.5) 152 (42.9) 25 (26.6) 0.0033 

Calcium channel blockers 204 (6.7) 139 (6.8) 65 (6.5) 0.7525 25 (5.6) 21 (5.9) 4 (4.3) 0.5162 

ACEI/ARB: angiotensin-converting enzyme inhibitor/angiotensin receptor blocker; BMI: body mass index; CABG: coronary artery bypass graft; CCU: intensive care 
unit; COPD: chronic obstructive pulmonary disease; DES: drug-eluting stent; MI: myocardial infarction; PCI: percutaneous coronary intervention; STEMI: ST-segment 
elevation myocardial infarction; TIMI: thrombolysis in myocardial infarction. 
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such as cardiogenic shock or delaying hospital admission, primary PCI 
was also superior to no reperfusion in reducing both short- and long- 
term all-cause mortality and MACCE. However, primary PCI was 
underutilized in Chinese clinical practice. 

The 2018 European Society of Cardiology (ESC) guideline recom-
mend reperfusion therapy in all STEMI patients with time from symptom 
onset <12 h duration (Class I, Level A). Routine primary PCI should be 
considered in patients presenting late (12–48 h) after symptom onset 
(Class IIa, Level B) [18]. Similarly, the American College of Cardiology 
Foundation (ACCF)/American Heart Association (AHA) guideline also 
recommend primary PCI in patients with STEMI and ischemic symptoms 
of <12 h’ duration (Class I, Level A) [19]. However, older patients often 
do not receive primary PCI for reasons including atypical presentation, 
reduced reporting of chest pain, residual ST-segment elevation from old 
infarcts, increased incidence of heart failure on presentation, or possibly 
limited life expectancy [20]. Moreover, confusion may be the presenting 
feature in up to 20% of patients aged ≥85 years, which complicates 

diagnosis and management [21]. Additionally, worse complications 
associated with primary PCI may hinder the application of it due to 
extensive coronary artery disease and more complex comorbidities [22, 
23]. For example, older patients are more susceptible to 
contrast-induced nephropathy after primary PCI as a result of worse 
renal function at baseline [24] and more complex lesions, which may 
mandate increased contrast use [25]. Therefore, it is common to see that 
the prevalence of primary PCI was low in STEMI patients with older age. 
A study enrolling patients between 2001 and 2006 reported that in 
patients aged more than 80 years, just 20% of patients with 
non-ST-segment elevation myocardial infarction (NSTEMI) and 30% 
with STEMI were treated by invasive treatment [26]. However, in the 
Hungarian Myocardial Infarction Registry (HUMIR) begins in 2014, the 
proportions of PCI for NSTEMI and STEMI patients increased to 61.0% 
and 83.8%, respectively [11]. The London Heart Attack Group cohort 
also demonstrated that the proportion of primary PCI procedures for 
octogenarians increased over time, which may be related to increasing 

Table 2 
Comparison of 30-day and two-year outcomes in STEMI patients aged ≥75 Years or ≥85 Years with different treatment modalities.   

Age ≥75 years Age ≥85 years 

No 
reperfusion 
(n = 2041) 

Primary 
PCI (n =
999) 

Unadjusted Multivariable 
adjusted 

No 
reperfusion 
(n = 354) 

Primary 
PCI (n =
94) 

Unadjusted Multivariable 
adjusted 

HR 
(95% 
CI) 

P value HR 
(95% 
CI) 

P value HR 
(95% 
CI) 

P 
value 

HR 
(95% 
CI) 

P 
value 

30-day outcomes 
All-cause 

mortality 
461 (23.0) 91 (9.3) 0.38 

(0.30, 
0.47) 

<0.0001 0.49 
(0.39, 
0.63) 

<0.0001 120 (34.7) 15 (16.7) 0.42 
(0.25, 
0.72) 

0.0017 0.35 
(0.19, 
0.65) 

0.0009 

MACCE 548 (27.9) 143 (14.8) 0.50 
(0.41, 
0.60) 

<0.0001 0.62 
(0.50, 
0.76) 

<0.0001 135 (39.6) 21 (23.6) 0.53 
(0.33, 
0.84) 

0.0064 0.45 
(0.27, 
0.77) 

0.0036 

Cardiac death 327 (17.1) 66 (6.9) 0.39 
(0.30, 
0.51) 

<0.0001 0.49 
(0.37, 
0.66) 

<0.0001 88 (27.5) 10 (11.8) 0.39 
(0.20, 
0.75) 

0.0048 0.31 
(0.14, 
0.66) 

0.0026 

Recurrent MI 23 (1.4) 8 (0.9) 0.65 
(0.29, 
1.45) 

0.2937 0.61 
(0.25, 
1.49) 

0.2775 3 (1.2) 2 (2.5) 2.15 
(0.36, 
12.91) 

0.4007 0.06 
(0.00, 
7.97) 

0.2592 

Stroke 28 (1.7) 18 (2.0) 1.25 
(0.69, 
2.26) 

0.4620 1.79 
(0.87, 
3.69) 

0.1127 5 (1.9) 3 (3.7) 2.12 
(0.51, 
8.89) 

0.3033 0.74 
(0.05, 
10.94) 

0.8298 

Revascularization 28 (1.7) 18 (2.0) 1.19 
(0.66, 
2.16) 

0.5593 1.18 
(0.59, 
2.36) 

0.6310 3 (1.2) 2 (2.5) 2.33 
(0.39, 
13.94) 

0.3558 1.65 
(0.07, 
37.67) 

0.7535 

Major bleeding 64 (3.9) 35 (3.8) 1.01 
(0.67, 
1.53) 

0.9587 1.01 
(0.62, 
1.64) 

0.9800 15 (5.8) 4 (5.0) 0.86 
(0.29, 
2.59) 

0.7870 0.98 
(0.27, 
3.61) 

0.9803 

two-year outcomes 
All-cause 

mortality 
711 (36.4) 171 (18.0) 0.44 

(0.37, 
0.51) 

<0.0001 0.54 
(0.45, 
0.65) 

<0.0001 181 (53.7) 29 (33.0) 0.51 
(0.34, 
0.75) 

0.0007 0.49 
(0.31, 
0.77) 

0.0019 

MACCE 852 (43.5) 273 (28.7) 0.58 
(0.51, 
0.67) 

<0.0001 0.68 
(0.59, 
0.80) 

<0.0001 201 (58.9) 37 (42.0) 0.59 
(0.42, 
0.84) 

0.0033 0.56 
(0.37, 
0.84) 

0.0049 

Cardiac death 418 (23.6) 90 (10.0) 0.40 
(0.32, 
0.51) 

<0.0001 0.49 
(0.38, 
0.62) 

<0.0001 110 (38.3) 15 (19.5) 0.45 
(0.26, 
0.77) 

0.0038 0.41 
(0.22, 
0.76) 

0.0047 

Recurrent MI 59 (4.0) 22 (2.6) 0.65 
(0.40, 
1.06) 

0.0852 0.68 
(0.39, 
1.19) 

0.1725 13 (6.0) 3 (4.1) 0.68 
(0.19, 
2.39) 

0.5488 0.17 
(0.03, 
1.08) 

0.0601 

Stroke 44 (3.0) 34 (3.9) 1.47 
(0.94, 
2.32) 

0.0931 1.36 
(0.80, 
2.32) 

0.2589 7 (3.3) 5 (6.7) 2.35 
(0.74, 
7.42) 

0.1453 1.32 
(0.24, 
7.20) 

0.7454 

Revascularization 62 (4.2) 52 (6.1) 1.48 
(1.02, 
2.14) 

0.0381 1.22 
(0.79, 
1.87) 

0.3697 4 (1.9) 3 (4.1) 2.47 
(0.55, 
11.08) 

0.2364 0.92 
(0.12, 
7.23) 

0.9368 

Major bleeding 78 (5.3) 45 (5.2) 1.05 
(0.73, 
1.51) 

0.7968 0.94 
(0.61, 
1.45) 

0.7849 16 (7.4) 5 (6.9) 1.00 
(0.37, 
2.72) 

0.9958 0.91 
(0.26, 
3.26) 

0.8902 

MACCE: major adverse cardiac and cerebrovascular event; MI: myocardial infarction. 
aAge, sex, hypertension, hyperlipemia, diabetes, prior myocardial infarction, prior stroke, hospital level, symptoms onset to admission time, GRACE risk score, Killip 
class, angiotensin-converting enzyme inhibitor/angiotensin receptor blockers, and beta-blockers were included in the adjustment model. 
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experience and improved techniques of primary PCI [10]. 
In the present analysis, we found that in STEMI patients aged ≥75 or 

85 years, the proportions of primary PCI were just 32.9% and 21.0%, 
respectively. Primary PCI could decrease both short- and long-term all- 
cause mortality, MACCE, and cardiac death in STEMI patients aged ≥75 
years, even for those ≥85 years or with relatively high-risk profiles such 
as cardiogenic shock or delaying hospital admission. Consistent with our 
findings, Di Bari et al. revealed that the application of primary PCI for 
the acute coronary syndrome was associated with a lower risk of all- 
cause mortality in patients aged ≥75 years, although these patients 
receiving primary PCI were complicated with higher background risks 
[27]. In the ISACS-TC registry, primary PCI causes a remarkable 
reduction in 30-day mortality in both the older (75–79 years) and 
very-old patients (≥80 years) [28]. In the study conducted by Yudi et al. 
[29], they consistently suggested that in STEMI patients aged ≥85 years, 

primary PCI was associated with lower in-hospital, 12-month, and 
long-term all-cause mortality as compared with no reperfusion. Sappa 
et al. [30], also revealed that primary PCI in patients aged ≥85 years was 
relatively safe. Even for STEMI patients aged ≥90 years, a steady 
decrease in hospitalizations from 4 per 1000 in 2010 to 2 per 1000 in 
2017 was also observed [31]. All of the abovementioned observational 
studies suggested that primary PCI was superior to no reperfusion 
regardless of age or risk profiles. In the randomized After Eighty study 
[32], 457 NSTEMI patients aged ≥80 years were randomly assigned to 
revascularization strategy (n = 229) or no reperfusion strategy (n =
228). During a median follow-up of 1.53 years, the primary outcome 
defined as a composite of MI, need for urgent revascularization, stroke, 
and death occurred less frequently in the revascularization group as 
compared with the no reperfusion group (40.6% vs 61.4%; HR: 0.53; 
95% CI: 0.41 to 0.69; P = 0.0001), which was mainly due to the reduced 

Fig. 1. Multivariable Adjusted Kaplan-Meier Estimates of the Cumulative Incidence of Outcomes After Two-Year Follow-Up in Patients Aged ≥75 Years. MACCE: 
major adverse cardiac and cerebrovascular event; MI: myocardial infarction; PCI: percutaneous coronary intervention. * Age, sex, hypertension, hyperlipemia, 
diabetes, prior myocardial infarction, prior stroke, hospital level, symptoms onset to admission time, GRACE risk score, Killip class, angiotensin-converting enzyme 
inhibitor/angiotensin receptor blockers, and beta blockers were included in the adjustment model. 
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risks of MI (HR: 0.52; 95% CI: 0.35 to 0.76; P = 0.0001) and urgent 
revascularization (HR: 0.19; 95% CI: 0.07 to 0.52; P = 0.0001). More-
over, a more obvious benefit in patients aged ≥90 years was observed. 
The results suggest that the highest-risk patients may derive the most 
absolute benefit from invasive management. Moreover, age alone may 
not preclude patients presenting with STEMI from invasive revascular-
ization. Although increasing age is associated with increased all-cause 
mortality, the deleterious impact of increasing age may be offset by 
improved outcomes of primary PCI. After all, prompt restoration of 
blood flow to the culprit vessel and consequent reduction in infarct size, 
and decreased incidence of cardiogenic shock and subsequent cardiac 

death may be helpful for the recovery of cardiac function [33]. 
In the present study, the rate of major bleeding was not different 

between the two groups, which might be explained by the wide use of 
antithrombotic treatment and the introduction of radial access in the 
catheterization laboratory [34]. Moreover, in STEMI patients with 
cardiogenic shock primary PCI was also superior to no reperfusion in 
reducing both short- and long-term all-cause mortality and MACCE, 
which is similar with the results from a large publicly available all-payer 
inpatient health care database, where PCI was also associated with a 
lower risk of in-hospital all-cause mortality [35]. It is reported that 
patients admitted to PCI-capable centers were more commonly to 

Fig. 2. Subgroup Analysis of Two-Year All-Cause Mortality in Patients Aged ≥75 Years (A) or ≥85 Years (B). BMI: body mass index; LVEF: left ventricular ejec-
tion fraction. 
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receive an invasive strategy [31,36]. Similarly, primary PCI was also 
more likely to be performed in provincial and municipal hospitals 
compared with county hospitals in our study. However, even for patients 
admitted in county hospitals with limited medical resources, primary 
PCI was also superior to no reperfusion. Also, it is in a dilemma whether 
to revascularize the culprit vessel after symptom onset more than 12 h 
[37,38]. The problem is even troublesome in patients with older age as a 
result of atypical presentation and late admission. Our results also 
indicated that primary PCI was superior to no reperfusion even for pa-
tients with delaying hospital admission. 

Existing guidelines emphasize early invasive treatment, particularly 
for those with high-risk profiles [5,6], yet practice patterns show lower 
use of invasive management in older individuals who are likely to 
benefit [39]. In our study, the prevalence of primary PCI was also lower 
as compared with no reperfusion. Treatment is often hindered by 

complex multivessel coronary calcification, tortuous vascular anatomy, 
impaired ventricular function, higher-risk profiles, and substantial co-
morbidity [40]. Phan et al. [41] pointed out two most common reasons 
for not performing primary PCI: 1. poor candidacy for reperfusion as a 
result of suboptimal coronary anatomy, comorbidities, frailty, or other 
reasons (38.9%); 2. significant obstructive coronary artery disease but 
high risk-benefit ratio favoring no reperfusion (36.3%) first with the 
option for invasive management “as needed” if fails. However, with the 
advancement in PCI techniques and accumulating experience in the 
treatment of older patients, it is promising that the prevalence of pri-
mary PCI and consequent clinical outcomes will be improved in patients 
age ≥75 years, even in these aged ≥85 years. 

Fig. 3. Multivariable Adjusted Kaplan-Meier Estimates of the Cumulative Incidence of Outcomes After Two-Year Follow-Up in Patients Aged ≥85 Years. MACCE: 
major adverse cardiac and cerebrovascular event; MI: myocardial infarction; PCI: percutaneous coronary intervention. * Age, sex, hypertension, hyperlipemia, 
diabetes, prior myocardial infarction, prior stroke, hospital level, symptoms onset to admission time, GRACE risk score, Killip class, angiotensin-converting enzyme 
inhibitor/angiotensin receptor blockers, and beta blockers were included in the adjustment model. 
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5. Limitation 

First, significant differences existed in hospital level and symptom 
onset to admission time between primary PCI and no reperfusion groups, 
which may influence the clinical outcomes. Although we had taken them 
into adjustment model, as an observational study in nature, bias could 
not be completely eliminated. However, in the subgroup analysis, pri-
mary PCI was consistently superior to no reperfusion regardless of 
hospital level or symptom onset to admission time. Second, immortal 
time bias can occur when patients who would have undergone primary 
PCI are analyzed in the no reperfusion group as they died before primary 
PCI was performed due to favorable clinical and hemodynamic profiles. 
Therefore, patients who died within 48 h were excluded as a sensitivity 
analysis, after that, consistent results were observed. Third, the analysis 
reflected the real-life settings in Chinese clinical practice, whether the 
same conclusions can be generalized to other ethnicities need further 
investigation. However, it may provide a helpful reference for devel-
oping countries that have similar situations with China. Last, the study 
populations were included between 2013 and 2014, which represent a 
relatively older data set. 

6. Conclusion 

Primary PCI was associated with substantial reductions in both short- 
and long-term all-cause mortality, MACCE, and cardiac death in STEMI 
patients aged ≥75 years, even in these with relatively high-risk profiles 
such as age ≥85 years, cardiogenic shock or delaying hospital admis-
sion. Recurrent MI, stroke, revascularization, or major bleeding were 
similar between primary PCI and no reperfusion groups. However, pri-
mary PCI was underutilized in Chinese clinical practice. 
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