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Abstract
Cardiovascular diseases remain the leading cause of morbidity and mortality among the el-

derly population, defined as individuals aged 65 years and older. As this demographic continues 
to expand globally, with projections indicating that by 2030, one in every five individuals will 
be over 65, the burden of cardiovascular diseases is anticipated to rise correspondingly. Among 
the various manifestations of cardiovascular diseases, coronary artery disease is particularly 
prevalent, often leading to acute coronary syndromes such as myocardial infarction and unstable 
angina. Elderly patients who present with acute myocardial infarction are at increased risk for 
adverse outcomes owing to higher comorbidity burden and complicated coronary anatomy. We 
evaluated the three-year outcomes following coronary revascularization compared to conserva-
tive management among elderly patients presenting with acute myocardial infarction.

Totally 155 patients over 75 years of age who were admitted for acute myocardial infarc-
tion underwent invasive treatment with coronary angioplasty (n=58) or only medical treatment 
(n=97). In the Invasive Treatment group cohort, 3-year survival probability was 74.1% as com-
pared to 29.9% in the Conservative treatment group cohort (p<0.001). Mean survival time at 
3 years of follow up was 31.50 (95% CI 29.35-33.65) months among the patients of Invasive 
treatment group versus 24.65 (95% CI 22.71-26.59) months among the patients of Conservative 
treatment group (p<0.001). Mean time to rehospitalization at 3 years was 34.05 (95% CI 32.37-
35.72) in the Invasive treatment group cohort compared to 30.03 (95% CI 28.13-31.93) in the 
Conservative treatment group cohort (p=0.004).

Coronary revascularization in elderly patients with acute myocardial infarction significantly 
reduces all-cause mortality and cardiovascular events over a three-year follow-up period. How-
ever, rehospitalization rates remain comparable between treatment groups. Given the need for 
a thorough clinical assessment before determining treatment, coronary revascularization should 
be strongly considered as a strategy to enhance overall survival probability.
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Introduction

Cardiovascular diseases remain the leading 
cause of morbidity and mortality among the el-
derly population, defined as individuals aged 65 
years and older. As this demographic continues to 
expand globally, with projections indicating that 
by 2030, one in every five individuals will be over 
65, the burden of Cardiovascular diseases is antici-
pated to rise correspondingly. Among the various 
manifestations of Cardiovascular diseases, coro-
nary artery disease is particularly prevalent, of-
ten leading to acute coronary syndromes such as 
myocardial infarction and unstable angina. Percu-
taneous coronary intervention, a minimally inva-
sive procedure aimed at revascularizing occluded 
coronary arteries, has become a cornerstone in the 
management of coronary artery disease. However, 
its application in the elderly presents unique chal-
lenges and considerations [Mehta R et al.,2005; 
Bossi I et al., 2006; Shan L et al., 2014]. The el-
derly population often presents with a higher prev-
alence of comorbid conditions, including hyper-
tension, diabetes mellitus, chronic kidney disease, 
and cerebrovascular disease. These comorbidi-
ties not only increase the complexity of clinical 
management but also elevate the risks associated 
with interventional procedures like Percutaneous 
coronary intervention. Anatomical factors, such 
as increased vascular calcification and tortuosity, 
further complicate the procedure, potentially lead-
ing to lower success rates and higher complication 
rates. Despite these challenges, several studies 
have demonstrated that Percutaneous coronary in-
tervention can significantly improve health-related 
quality of life in elderly patients [Feldman D et 
al., 2006; Devlin G et al., 2008; Johnman C et al., 
2011; Tegn N et al., 2016]. However, increasing 
age poses a higher risk for periprocedural com-
plications secondary to age-related physiological 
changes, frailty, and comorbidities [Moscucci M et 
al., 2003; Guagliumi G et al., 2004; Ciszewski A 
et al., 2008]. The decision-making process for Per-
cutaneous coronary intervention in elderly patients 
is further complicated by the underrepresentation 
of this age group in clinical trials. Historically, 
elderly patients have been excluded from many 
randomized controlled trials evaluating Percuta-
neous coronary intervention, leading to a paucity 
of high-quality evidence to guide therapy in this 

population. This exclusion has contributed to a 
“treatment-risk” paradox, where elderly patients, 
despite being at higher risk for adverse outcomes 
from acute coronary syndromes, are less likely 
to receive invasive treatments like Percutaneous 
coronary intervention. Community studies have 
shown that elderly patients are less likely to under-
go revascularization, perhaps due to this paradox. 
Recent studies have sought to address this gap by 
specifically examining the outcomes of Percutane-
ous coronary intervention in elderly cohorts. For 
instance, a study analyzing data from the Thai Per-
cutaneous Coronary Intervention Registry found 
that while elderly patients (≥75 years) had higher 
rates of comorbidities and in-hospital mortality 
compared to younger patients, age itself was not 
an independent predictor of increased mortality 
after Percutaneous coronary intervention. Instead, 
factors such as acute coronary syndrome and heart 
failure were more strongly associated with adverse 
outcomes. The complexity of coronary artery dis-
ease in the elderly often involves multivessel dis-
ease, necessitating decisions between complete 
revascularization versus culprit-only Percutane-
ous coronary intervention [Gnanenthiran S et al., 
2017]. Common comorbid conditions among the 
elderly population including cancer, peptic ulcer 
disease, gastritis, chronic obstructive pulmonary 
disease, diabetes mellitus, chronic kidney disease, 
and congestive heart failure are considered inde-
pendent risk factors for coronary angiography and 
may provoke periprocedural complications [Gra-
ham M et al., 2002; Avezum A et al., 2005; Capo-
danno D, Angiolillo D, 2010; Chhatriwalla A et 
al., 2013; Bogomolov A et al., 2013]. Moreover, 
data obtained from several investigations have 
shown that age ≥ 75 years is a negative predictor 
of undergoing percutaneous coronary intervention 
[Gnanenthiran S et al., 2017]. Thus, the clinical 
decision on whether to proceed with invasive ther-
apy continues to be controversial and requires an 
individualized approach in contemporary practice 
[Vlaar P et al., 2008; Shan L et al., 2014; Gnanen-
thiran S et al., 2017].

The aim of this study was to compare the inva-
sive and conservative strategies in elderly patients 
admitted with acute myocardial infarction and to 
analyze the overall survival and rehospitalization 
rates by Kaplan-Meier analysis.
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Material and methods

Study design: We retrospectively investi-
gated 155 patients ≥75 years old admitted with 
acute myocardial infarction to the Department 
of General and Invasive Cardiology at the Uni-
versity Hospital of Yerevan State Medical Uni-
versity between 2014 and 2018․ Patients had 
either received invasive or conservative man-
agement. Medical treatment was comparable 
in both groups except of antithrombotic pre- 
and postprocedural treatment.

Patient demographics and treatment data 
were collected through chart reviews, while 
follow-up was conducted via telephone com-
munication. The study protocol received ap-
proval from the Ethics Committee of Yerevan 
State Medical University.

Study Endpoints: The primary endpoint 
was the evaluation of all-cause mortality after 
3 years of follow-up. Cardiac death was de-
fined as death resulting from myocardial in-
farction, stroke, or sudden cardiac death.

Secondary endpoints included rehospital-
ization, the need for coronary revasculariza-
tion, and bleeding complications.

Statistical analysis: Categorical variables are 
presented as number (percent) and continuous vari-
ables are presented as mean ± standard deviation. 
Mean survival times are displayed with standard er-
ror and 95% confidence intervals. 

Categorical variables were compared between 
groups using the Chi-square (x2) test. In cases 
where expected frequencies were below the thresh-
old for validity, Yates’ correction for continuity 
was applied. For continuous variables, we as-
sessed normality using the Kolmogorov-Smirnov 
test. Based on normality, group comparisons were 
conducted using the Student’s t-test for normally 
distributed variables and the Mann-Whitney U test 
for non-normally distributed variables.

Survival probability and rehospitalization rates 
were assessed using the Kaplan-Meier method, and 
comparisons between groups were performed using 
the log-rank test. Mean survival time was compared 
between groups using the Mantel-Cox method. To 
assess predictors of survival, we conducted a Cox 
proportional hazards regression analysis to adjust 
for confounding variables. All statistical analyses 
were performed using SPSS version 22 (IBM Corp., 

Armonk, NY, USA). A two-tailed p-value < 0.05 
was considered statistically significant.

Results

Between 2014 and 2018, 155 patients aged 
over 75 years were admitted for acute myocardi-
al infarction. Of these, 58 patients (22 male and 
36 female) received invasive treatment involving 
coronary angioplasty, while 97 patients (48 male 
and 49 female) were managed conservatively. The 
average age was 79±3.8 years in the Invasive treat-
ment group and 80±4.1 years in the Conservative 
treatment group. Among all patients, 53 (34.2%) 
had ST-elevation myocardial infarction, and 102 
(65.8%) had non-ST-elevation myocardial infarc-
tion. Baseline patient characteristics are displayed 
in Table 1. 

Medical treatment was comparable in both 
groups except of antithrombotic pre- and postpro-
cedural treatment (Table 2).

The 3-year survival probability was significant-
ly higher in the Invasive treatment group at 74.1% 
compared to 29.9% in the Conservative treatment 
group (p<0.001). In the Invasive treatment group, 
26% of patients died, with 60% of these deaths at-

Table 1
Baseline characteristics

Invasive 
treatment 

group
N=58

Conservative 
treatment 

group
N=97

Average Age 79±3.8 80±4.1

Sex M  n(%) 22 (37.9%) 48 (49.5%)
F  n(%) 36 (62%) 49 (50.5%)

C
om

or
bi

di
ty Chronic kidney disease a n(%) 20 (34%) 31 (32%)

HFrEF  n(%) 32 (55.2%) 58 (59.8%)
Diabetes mellitus  n(%) 12 (20.7%) 25 (25.8%)
Hypertension  n(%) 50 (86.2%) 87 (89.7%)
Anemia b  n(%) 11(19%) 11 (11.3%)

Smokers  n(%) 6 (10.3%) 9 (9.3%)
STEMI  n(%) 29 (50%) 24 (24.74%)
non-STEMI  n(%) 29 (50%) 54 (55.67%)
Acute heart failure  n(%) 21 (36.2%) 31 (32%)
In hospital bleeding  n(%) 6 (10.3%) 3 (3.1%)
Multivessel disease  n(%) 46 (79.3%) 71 (73.2%)
Notes: M - Male, F - Female, a - patients with 
glomerular filtration rate <60, b - Patients with 
Hemoglobin <100 g/l) HFrEF - Heart Failure with 
reduced Ejection Fraction, STEMI - ST- elevation 
Myocardial Infarction , N - Total number of patients. 
n(%) - number (percent) of patients in a group.
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tients within each treatment group. These find-
ings highlight the impact of both intervention 
type and age on long-term survival following 
acute myocardial infarction (Fig. 1). 

The mean survival time was 31 months 
(95% CI 29.35-33.65) in the Invasive treatment 
group and 24.6 (95% CI 22.71-26.59) months 
in the Conservative treatment group (p<0.001) 
(Table 3).

Rehospitalization probability at 3 years was 
51.7% in the Invasive treatment group com-
pared to 33.2% in the Conservative treatment 
group (p<0.01). Of the 41% of patients that 
were rehospitalized in the Invasive treatment 

group, 42% were due to myocardial infarction and 
of the 44% of that were rehospitalized in the Con-
servative treatment group, 49% were due tomyo-
cardial infarction. Stent thrombosis was reported 
in 1.7% of cases. Kaplan-Meier curves were gen-
erated to estimate rehospitalization rates, stratified 
by the type of intervention performed (invasive 
treatment vs. conservative management) and the 
age of patients at the time of myocardial infarction. 
The analysis revealed that patients who underwent 
invasive treatment (coronary angioplasty) had a 
higher probability of rehospitalization compared 
to those managed conservatively. Additionally, age 
at the time of myocardial infarction played a role, 
with younger patients generally experiencing low-
er rehospitalization rates than older patients within 
each treatment group. These findings underscore 
the influence of both intervention type and age on 
the likelihood of rehospitalization following acute 
myocardial infarction (Fig. 2).

Mean time to rehospitalization across the en-
tire study population was 31.67 months (95% CI 

tributed to myocardial infarction. In the Conserva-
tive treatment group, 70% of patients died, with 
54% of these deaths due to myocardial infarction. 
Kaplan-Meier curves were used to estimate survival 
from all-cause mortality, stratified by the type of 
intervention performed (invasive treatment vs. con-
servative management) and the age of patients at the 
time of myocardial infarction. The analysis revealed 
significant differences in survival probabilities be-
tween the two treatment groups. Patients who un-
derwent invasive treatment (coronary angioplasty) 
demonstrated higher survival rates compared to 
those managed conservatively. Additionally, age at 
the time of myocardial infarction further influenced 
survival outcomes, with younger patients generally 
showing better survival probabilities than older pa-

Table 3
Means and Medians for Survival Time

Groups Meana

Estimate Std. 
Error

95%  CI
LB UB

Invasive 
treatment group 31.500 1.098 29.348 33.652

Conservative 
treatment group 24.649 0.988 22.713 26.586

Overall 27.213 0.789 25.667 28.759
Note: a - Estimation is limited to the largest survival 
time if it is censored, CI - Confidence Interval, LB - 
lower bound, UB - upper bound

Figure 1. Kaplan-Meyer curves for estimated survival 
from all-cause death stratified based on the interventon 
performed and age at the time of myocardial infarction
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Table 2
Pharmacological treatment in two groups

Invasive 
treatment 

group
n(%)

Conserva-
tive treatment 

group
n(%)

Aspirin 56 (96.6%) 90 (92.8%)
Clopidogrel 57 (98.3%) 71 (73.2%)
Angiotensin-converting 
enzyme inhibitor

39 (67.2%) 60 (61.9%)

Beta blocker 47 (81%) 78 (80%)
Unfractionated Heparin/ low 
molecular Heparin

54 (93.1%) 87 (89.7%)

Spironolactone 35 (60.3%) 59 (60.8%)
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30.32-33.21). Mean time to rehospitalization in 
the Invasive treatment group was 34.05 (95% 
CI 32.34-35.72) compared to 30.03 (95% CI 
28.13-31.93) in the Conservative treatment group 
(p=0.004) (Table 4).

Discussion

In this single-center retrospective cohort anal-
ysis of 155 patients aged over 75 years present-
ing with acute myocardial infarction, we aimed to 
evaluate the impact of an early invasive treatment 
approach on mortality and rehospitalization rates. 
Our findings indicate that invasive treatment with 
coronary angioplasty is associated with a signifi-
cantly improved survival probability compared 
to conservative treatment in this elderly popula-
tion. However, the Kaplan-Meier survival function 
for rehospitalizations showed statistically similar 

probabilities between the two groups. While inva-
sive treatment demonstrated a reduced frequency 
of myocardial infarction-related rehospitalizations, 
comorbidities and the requirement for long-term 
dual antiplatelet therapy may partially explain the 
somewhat increased rehospitalization rates in the 
Invasive treatment group, leading to similar prob-
abilities with the Conservative treatment group.

The management of acute myocardial infarc-
tion in elderly patients poses unique challenges, as 
this population often presents with a higher burden 
of comorbidities. These factors likely contribute to 
an increased risk of mortality during acute myo-
cardial infarction and peri-procedurally following 
coronary revascularization. Despite these chal-
lenges, our study highlights the potential survival 
benefits of an invasive treatment approach in this 
high-risk group [Hasdai D et al., 2000; Achenbach 
S et al., 2008; Krishnaraj R, Charles K, 2013; Al-
fredsson J, Alexander K, 2016; Walker D et al., 
2018; Damluji A et al., 2020]. Moreover, a higher 
prevalence of frailty in the elderly population like-
ly further worsens the poor prognosis following 
acute myocardial infarction and revascularization 
in older patients. Indeed, a general trend has been 
observed wherein an invasive treatment approach 
with either angioplasty or stenting becomes more 
frequently delayed or withheld with increasing age 
[Alfredsson J, Alexander K, 2016; Walker D et al., 
2018; Damluji A et al., 2020]. Current recommen-
dations from the US emphasize the need to indi-
vidualize patient treatment, taking into account 
both the patient’s clinical status along with their 
comorbidity burden [Graham M et al., 2002; Bach 
R et al., 2004; Dangas G, Singh H, 2010]. It is 
important to emphasize the lack of robust random-
ized-controlled clinical trial data examining inva-
sive interventions in elderly patients presenting 
with acute myocardial infarction. This gap in evi-
dence complicates clinicians’ ability to weigh the 
benefits and risks of coronary revascularization in 
this population, particularly as age increases. The 
absence of high-quality data makes it challeng-
ing to establish clear, evidence-based guidelines 
for managing acute myocardial infarction in old-
er adults, who often present with unique clinical 
complexities and comorbidities. Further research 
is urgently needed to provide stronger evidence 
and inform decision-making in this vulnerable pa-

Table 4 
Means for Survival Time for the Rehospitalization

Groups Meana

Estimate Std. 
Error

95%  CI
LB UB

Invasive 
treatment group 34.045 .856 32.366 35.723

Conservative 
treatment group 30.029 .970 28.128 31.929

Overall 31.672 .691 30.317 33.027
Note: a - Estimation is limited to the largest survival 
time if it is censored, CI - Confidence Interval, LB - 
lower bound, UB - upper bound
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Figure 2. Kaplan-Meier curves for estimated rehospi-
talizations based on the interventon performed and age 
at the time of myocardial infarction
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py followed by dual antiplatelet therapy, revised 
compared to previous recommendations [January 
C et al., 2019]. Accordingly, the adoption of these 
new recommendations may have played a role in 
reducing periprocedural bleeding complications. 
This improvement highlights the importance of 
updated guidelines and best practices in enhancing 
patient outcomes, particularly in high-risk popu-
lations such as elderly patients undergoing inva-
sive procedures for acute myocardial infarction. 
By minimizing bleeding risks, these advancements 
further support the safety and feasibility of inva-
sive treatments in this vulnerable group.

Limitations: This study is a single-center, ret-
rospective analysis with a relatively small sample 
size. As with any retrospective study, there is a po-
tential for unmeasured confounders that could in-
fluence the results. While randomized controlled tri-
als focusing on myocardial infarction outcomes in 
the elderly population are needed to provide more 
robust evidence, we believe the findings from this 
study hold clinical significance in guiding treatment 
approaches for this patient group. However, it is im-
portant to note that the data used in this study are 
from over six years ago and may not fully reflect 
advancements or changes in contemporary clinical 
practice. Future research incorporating more re-
cent data and larger, multicenter studies is essential 
to validate and update these findings.

Conclusion

Routine invasive intervention is associated with 
improved survival and a reduction in cardiovascu-
lar events in elderly patients with acute myocardial 
infarction at three-year follow-up. The findings of 
this study support the adoption of an interventional 
approach for managing acute myocardial infarction 
in this population. However, a thorough assess-
ment of the patient’s clinical status at presentation 
is crucial to guide the decision-making process and 
determine the most appropriate treatment pathway. 
This individualized approach ensures that the ben-
efits of invasive intervention are balanced against 
the patient’s overall health and risk factors.

tient group [Lefèvre T et al., 1998; Fach A et al., 
2010; Kolte D et al., 2013].

The improved survival probability associated 
with coronary angioplasty observed in our study 
population occurred in the setting of statistically 
similar age and comorbidity burden between co-
horts. Several studies have shown that coronary 
revascularization during acute myocardial infarc-
tion may be associated with increased mortality 
in the elderly population [Dynina O et al., 2003; 
Wang T et al., 2011; Antonsen L et al., 2013]. Re-
assuringly, our findings suggest that the mortality 
benefit achieved through improved coronary blood 
flow via invasive treatment likely outweighs the 
risks of periprocedural complications and death as-
sociated with coronary angioplasty, even in elderly 
patients with multiple comorbidities. This under-
scores the potential value of an invasive approach 
in this high-risk population, despite the challenges 
posed by advanced age and comorbid conditions. 
These results provide important insights for clini-
cians when considering the balance of risks and 
benefits in the management of acute myocardial 
infarction in older adults.

It should be mentioned that an invasive treat-
ment approach in older patients with acute myo-
cardial infarction is associated with an increase in 
both minor and major bleeding events, possible 
contributors to mortality at long term follow-up 
[Graham M et al., 2002; Moscucci M et al., 2003; 
Spoon D et al., 2014; Shanmugam V et al., 2015]. 
However, recently, the frequency of bleeding 
events has decreased, likely because of more se-
lective approaches to antithrombotic treatment fol-
lowing angioplasty [Bossi I et al., 2006; Capodan-
no D, Angiolillo DJ, 2010; Schulz S et al., 2010]. 
For example, international guidelines recommend 
the use of glycoprotein IIb/IIIa only for bailout and 
emergency coronary interventions. More recently, 
the statement of American College of Cardiology, 
American Heart Association, European Respira-
tory Society on antithrombotic therapy for patients 
with permanent atrial fibrillation and acute myo-
cardial infarction with subsequent angioplasty rec-
ommended short-term triple antithrombotic thera-
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