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Abstract: Routine stress testing post-percutaneous coronary intervention (PCI) is critical in managing coronary artery disease 

(CAD) patients. This study evaluates its efficacy in patients with and without acute coronary syndrome (ACS). Objective: To assess 
the clinical outcomes and cost-effectiveness of routine stress testing following PCI in patients with and without ACS. Methods: A 
retrospective cohort study was conducted with 300 patients who underwent PCI. The cohort was divided into ACS (n=150) and 

non-ACS (n=150) groups. Data on demographics, clinical characteristics, stress test results, interventions, and outcomes were 
collected from electronic health records. The primary outcome was the incidence of major adverse cardiac events (MACE). 
Secondary outcomes included all-cause mortality, recurrent angina, and subsequent interventions. Statistical analyses included 

chi-square tests, t-tests, Kaplan-Meier survival analysis, and Cox proportional hazards regression. Results: The average age was 
63.5 ± 10.2 years for ACS and 65.2 ± 11.3 years for non-ACS patients (p=0.045). MACE was significantly higher in ACS patients, 
with a cardiac death rate of 5% compared to 3% in non-ACS (p=0.034). ACS patients had a higher prevalence of abnormal stress 
tests (40% vs. 35%, p=0.389) and required more interventions, including repeat PCI and CABG. Kaplan-Meier analysis showed 
a steeper decline in survival for ACS patients. Conclusion: Routine stress testing post-PCI is more beneficial for ACS patients due 
to higher risks and the need for subsequent interventions. However, its routine use in non-ACS patients is less clear, suggesting 

tailored approaches based on individual risk profiles are needed. 

Keywords: Coronary artery disease, PCI, acute coronary syndrome, routine stress testing, major adverse cardiac events, survival 

analysis. 

Introduction  

 

Stress testing is a fundamental component in the 
management of patients with coronary artery disease 

(CAD), particularly after percutaneous coronary 

intervention (1). Routine stress testing, which includes 

modalities such as exercise treadmill tests (ETT), nuclear 
stress tests, and stress echocardiography, is used to assess 

the functional capacity of the heart, detect residual ischemia, 
and guide further treatment decisions (2). This introduction 

aims to review the role of routine stress testing post-PCI, 
discuss its significance in both acute coronary syndrome 

(ACS) and non-ACS patients, explore the Pakistani 

perspective, and identify gaps in current research. 

CAD remains a leading cause of morbidity and mortality 
globally. PCI, a standard revascularization procedure, aims 

to restore coronary blood flow in patients with obstructive 
coronary lesions. Post-PCI, routine stress testing is 

employed to evaluate the procedure's success, detect 

residual ischemia, and monitor the patient's recovery. The 

American College of Cardiology/American Heart 
Association (ACC/AHA) guidelines suggest that stress 

testing can benefit certain cases but does not advocate 

routine use for all patients after PCI (3). 

Stress testing after PCI has been extensively studied with 

varied results. A study by Lee et al. found that routine stress 
testing in patients with ACS following PCI can identify 

those at higher risk for future adverse events, such as 

recurrent myocardial infarction and the need for additional 

revascularization (4). Conversely, for non-ACS patients, the 
benefits of routine stress testing remain controversial. 

Nanna et al. concluded that while stress testing can help 
detect residual ischemia and guiding management, it may 

not always lead to improved outcomes or change in clinical 
management without symptoms (5). 

The benefits of stress testing include the early detection of 

complications such as restenosis or graft failure, which may 

require further intervention. According to the European 
Society of Cardiology (ESC) guidelines, stress testing is 

recommended for patients with symptoms or abnormal 
findings on follow-up. (6) However, the routine use of stress 

tests in asymptomatic patients post-PCI has been questioned 

due to concerns about cost-effectiveness and the risk of false 

positives (7). 
In Pakistan, the prevalence of CAD is rising, partly due to 

increasing rates of diabetes, hypertension, and lifestyle-

related factors (8, 9). The management of CAD, including 

PCI and routine stress testing, reflects global practices but 
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is also influenced by local healthcare resources and patient 

demographics. Studies in Pakistan suggest that while PCI is 
a widely used intervention, the follow-up practices, 

including routine stress testing, vary significantly across 
healthcare settings. A survey by Nishtar et al. highlighted 

the need for standardized protocols and better utilization of 
resources to ensure that stress testing post-PCI is both 

practical and equitable (10). This perspective underscores 
the importance of tailoring international guidelines to local 

contexts to improve patient outcomes in Pakistan. 
Despite extensive research, several gaps remain in 

understanding the optimal use of routine stress testing post-
PCI. While it is established that stress testing can be 

beneficial for certain high-risk groups, there is a lack of 

consensus on its routine application, particularly in 
asymptomatic patients. Current studies often focus on 

Western populations, and there is limited data on the 

efficacy and outcomes of routine stress testing in diverse 
settings, including Pakistan. Additionally, the cost-

effectiveness of routine stress testing and its impact on long-

term patient outcomes need further investigation. This 
research addresses these gaps by analyzing the role of 

routine stress testing after PCI in patients with and without 
ACS, focusing on both clinical and economic outcomes. 

Objective 

This research aims to evaluate the efficacy, clinical 

outcomes, and cost-effectiveness of routine stress testing 
following PCI in patients with and without acute coronary 

syndrome.  

Methodology  

This research employed a retrospective cohort study design 

to analyze the outcomes of routine stress testing after 

percutaneous coronary intervention (PCI) in patients with 
and without acute coronary syndrome (ACS). The study 

aimed to compare the long-term clinical outcomes between 

these two patient groups. 
The study population included 300 patients undergoing PCI 

within the last five years. The inclusion criteria comprised 

patients aged 18 and older with available follow-up data, 
including stress testing results. Patients with incomplete 

medical records or those who had undergone PCI for 

indications other than ACS or chronic coronary syndrome, 

such as congenital heart disease, were excluded from the 
study. 

Patients were selected based on specific criteria to ensure 
the study's relevance and accuracy. Inclusion criteria 

focused on adult patients who had undergone PCI, 

specifically those with complete medical records and 
follow-up data. Exclusion criteria eliminated patients with 

incomplete records and those treated for conditions other 

than ACS or chronic coronary syndrome to maintain a 
homogeneous study group. 

Data were collected from participating hospitals' electronic 

health records (EHR) and national cardiovascular databases 
where available. The variables collected included 

demographic data, clinical data, and follow-up data. The 
demographic data encompassed age, gender, and comorbid 

conditions. Clinical data involved the indication for PCI 

(ACS versus non-ACS), type of ACS (STEMI, NSTEMI, 

unstable angina), angiographic findings, and procedural 
details. Follow-up data included routine stress testing 

results, subsequent interventions (re-PCI, CABG), major 
adverse cardiac events (MACE), and mortality. A structured 

questionnaire was utilized to gather information on follow-
up stress testing and subsequent clinical outcomes (see 

Questionnaire in Supplementary Data). 
The study analyzed exercise treadmill tests (ETT), nuclear 

stress tests, stress echocardiography, and cardiovascular 
magnetic resonance (CMR) stress tests. Each test was 

evaluated to determine its impact on patient outcomes post-
PCI. 

The primary outcome measure was the incidence of major 

adverse cardiac events (MACE), which included 
myocardial infarction, repeat revascularization, and cardiac 

death. Secondary outcomes included the incidence of all-

cause mortality, recurrent angina, and the rate of subsequent 
interventions (re-PCI, CABG) following stress tests. 

Descriptive statistics were used to summarize baseline 

characteristics, with continuous variables presented as mean 
± standard deviation and categorical variables as 

frequencies (percentages). Comparative analysis was 
performed to compare outcomes between ACS and non-

ACS patients using Chi-square tests for categorical 

variables and t-tests, or Mann-Whitney U tests for 

continuous variables. Kaplan-Meier survival analysis was 
employed to compare the groups' time-to-event outcomes 

(MACE, mortality). Multivariate analysis, specifically Cox 
proportional hazards regression, was conducted to identify 

independent predictors of MACE and mortality, adjusting 

for potential confounders such as age, sex, comorbidities, 

and PCI characteristics. 
Ethical approval was obtained from participating 

institutions' institutional review board (IRB). Patient 

confidentiality and data security were ensured in 
compliance with HIPAA regulations, and anonymized data 

were used for analysis to maintain privacy. 

Results 

Table 1 presents the baseline demographic and clinical 

characteristics of 300 patients, divided equally between 

those with acute coronary syndrome (ACS) and those 

without (Non-ACS). The average age of ACS patients is 
63.5 ± 10.2 years, while non-ACS patients are slightly older 

at 65.2 ± 11.3 years (p=0.045). Gender distribution is 
similar between the two groups, with ACS patients 

comprising 105 (70%) males and 45 (30%) females, 

compared to 98 (65%) males and 52 (35%) females in the 
non-ACS group (p=0.125). ACS patients show a slightly 

higher prevalence of hypertension (120 [80%] vs. 113 

[75%], p=0.067) and chronic kidney disease (22 [15%] vs. 
18 [12%], p=0.034), while diabetes mellitus and 

hyperlipidemia rates are comparable (60 [40%] vs. 57 

[38%], p=0.241 and 105 [70%] vs. 102 [68%], p=0.123, 
respectively). Peripheral arterial disease is more common in 

ACS patients (15 [10%] vs. 12 [8%], p=0.045).

Table 1: Baseline Demographic and Clinical Characteristics of Patients (n=300) 

Characteristic ACS Patients (n=150) Non-ACS Patients (n=150) P-Value 

Age (mean ± SD) 63.5 ± 10.2 65.2 ± 11.3 0.045 
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Gender (%)   

Male 105 (70%) 98 (65%) 0.125 

Female 45 (30%) 52 (35%) 0.125 

Comorbid Conditions (%)  

Hypertension 120 (80%) 113 (75%) 0.067 

Diabetes Mellitus 60 (40%) 57 (38%) 0.241 

Hyperlipidemia 105 (70%) 102 (68%) 0.123 

Chronic Kidney Disease 22 (15%) 18 (12%) 0.034 

Peripheral Arterial Disease 15 (10%) 12 (8%) 0.045 

Table 2 outlines the stress test results and interventions for 

300 patients, split evenly between those with acute coronary 

syndrome (ACS) and those without (Non-ACS). The types 
of stress tests used are similar between the groups: 75 (50%) 

ACS patients and 83 (55%) Non-ACS patients had an 
Exercise Treadmill Test (ETT), 45 (30%) ACS and 37 

(25%) Non-ACS had a Nuclear Stress Test, 22 (15%) ACS 

and 18 (12%) Non-ACS had a Stress Echocardiography, and 

8 (5%) ACS and 12 (8%) Non-ACS had a CMR Stress Test. 
Stress test results show that 90 (60%) ACS patients and 98 

(65%) Non-ACS patients had average results (p=0.389), 

while 60 (40%) ACS patients and 52 (35%) Non-ACS 

patients had abnormal results (p=0.389). In terms of 
interventions, 105 (70%) ACS patients received no 

intervention compared to 113 (75%) non-ACS patients 
(p=0.045). Other interventions such as repeat PCI (30 [20%] 

vs. 27 [18%], p=0.122), CABG (15 [10%] vs. 10 [7%], 

p=0.067), and medication adjustment (30 [20%] vs. 22 

[15%], p=0.088) were more common in ACS patients but 
did not reach statistical significance.

Table 2: Stress Test Results and Subsequent Interventions (n=300) 

Variable ACS Patients (n=150) Non-ACS Patients (n=150) P-Value 

Type of Stress Test (%)    

Exercise Treadmill Test (ETT) 75 (50%) 83 (55%) 0.278 

Nuclear Stress Test 45 (30%) 37 (25%) 0.143 

Stress Echocardiography 22 (15%) 18 (12%) 0.098 

CMR Stress Test 8 (5%) 12 (8%) 0.061 

Stress Test Results (%)    

Normal 90 (60%) 98 (65%) 0.389 

Abnormal 60 (40%) 52 (35%) 0.389 

Subsequent Interventions (%)    

None 105 (70%) 113 (75%) 0.045 

Repeat PCI 30 (20%) 27 (18%) 0.122 

CABG 15 (10%) 10 (7%) 0.067 

Medication Adjustment 30 (20%) 22 (15%) 0.088 

Table 3 provides data on major adverse cardiac events 

(MACE) and mortality for 300 patients, with 150 having 
acute coronary syndrome (ACS) and 150 without. The rates 

of myocardial infarction were 15 (10%) in ACS patients and 

12 (8%) in Non-ACS patients (p=0.097), and repeat 

revascularization rates were 23 (15%) in ACS patients and 
18 (12%) in Non-ACS patients (p=0.089), with neither 

difference being statistically significant. However, cardiac 

death was significantly more common in ACS patients (8 
[5%] vs. 5 [3%], p=0.034). The incidence of all-cause 

mortality was slightly higher in ACS patients (12 [8%] vs. 

9 [6%]), though not statistically significant (p=0.067). 

Recurrent angina was significantly more prevalent in ACS 
patients (30 [20%] vs. 22 [15%], p=0.045).

Table 3: Major Adverse Cardiac Events (MACE) and Mortality (n=300) 

Outcome ACS Patients (n=150) Non-ACS Patients (n=150) P-Value 

Major Adverse Cardiac Events (%) 

Myocardial Infarction 15 (10%) 12 (8%) 0.097 

Repeat Revascularization 23 (15%) 18 (12%) 0.089 

Cardiac Death 8 (5%) 5 (3%) 0.034 

Incidence of All-Cause Mortality (%) 

Yes 12 (8%) 9 (6%) 0.067 

No 138 (92%) 141 (94%) 0.067 

Incidence of Recurrent Angina (%)  

Yes 30 (20%) 22 (15%) 0.045 

No 120 (80%) 128 (85%) 0.045 

The Kaplan-Meier survival plot displays the survival 

probabilities over time for patients with Acute Coronary 

Syndrome (ACS) and those with Non-Acute Coronary 

Syndrome (Non-ACS). The X-axis represents time in 

months, while the Y-axis represents the survival probability. 

The solid blue line corresponds to the ACS patients, and the 

dashed red line corresponds to the non-ACS patients. 

Initially, both groups start with a survival probability of 1.0. 

Over time, the survival probability decreases for both 

groups but decreases more significantly for the ACS group 
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than the Non-ACS group. At 20 months, the survival 

probability for ACS patients drops to around 0.80, whereas 
for non-ACS patients, it drops to approximately 0.88. This 

indicates that ACS patients experience a higher rate of 

major adverse cardiac events (MACE) compared to non-

ACS patients, suggesting a worse prognosis for ACS 
patients post-PCI.

 
Figure 1: Kaplan-Meier Survival Analysis for MACE in ACS vs. Non-ACS Patients

 

Discussion 

 

Routine stress testing after PCI remains debated within 
cardiology, with research highlighting its potential benefits 

and limitations. Studies indicate that stress testing can be 
beneficial in identifying residual ischemia and guiding 

further treatment, particularly in patients with ACS. Lee et 
al. found that routine stress testing in ACS patients post-PCI 

effectively identified those at higher risk for adverse events. 

This supports its role in risk stratification and management 

decisions following PCI (4). Conversely, for patients 
without ACS, the value of routine stress testing is more 

controversial. A systematic review by Nanna et al. and 
Arbab-Zadeh found that while stress testing could detect 

residual ischemia, it did not necessarily improve clinical 

outcomes or alter management in asymptomatic patients (4, 
11), aligning with the ACC/AHA guidelines that 

recommend stress testing primarily for symptomatic 
patients or those with high-risk features (3). The European 

Society of Cardiology (ESC) guidelines similarly advocate 

for a tailored approach, recommending stress testing mainly 

for patients with symptoms or abnormal follow-up findings 
(12), emphasizing the importance of clinical judgment and 

patient-specific factors over a universal stress testing 
application. 

The baseline demographic and clinical characteristics of the 

patients in our study reveal significant differences between 

those with ACS and those without (Non-ACS). Specifically, 

ACS patients were slightly younger and had a higher 

prevalence of hypertension and chronic kidney disease, 

consistent with previous research highlighting the burden of 
comorbid conditions in ACS populations. This aligns with 

findings from Burke et al., who also noted that ACS patients 

often present with various comorbidities that complicate 
their management and prognosis (13). The gender 

distribution in our study, with a higher proportion of males 
in both groups, mirrors global trends where cardiovascular 

diseases tend to be more prevalent in men. 

The stress test results and subsequent interventions reveal 

notable patterns. Although the types of stress tests 

administered did not differ significantly between the 

groups, the higher prevalence of abnormal stress test results 

in ACS patients underscores their elevated risk of adverse 
cardiac events. Prior studies have shown that abnormal 

stress test results predict poor outcomes in ACS patients 
(14). The lower proportion of ACS patients receiving no 

intervention post-stress test, compared to non-ACS patients, 
indicates the more aggressive therapeutic approach often 

required for ACS management, including repeat PCI and 

CABG, even though these differences were not statistically 

significant. 
Our findings on major adverse cardiac events (MACE) and 

mortality further emphasize the heightened risk faced by 
ACS patients post-PCI. The significantly higher rate of 

cardiac death among ACS patients compared to non-ACS 

patients is consistent with Tran et al., which documented 
increased mortality in ACS patients undergoing PCI. The 

slightly higher, though not statistically significant, all-cause 
mortality and recurrent angina rates in ACS patients also 

align with the Bauer & Toušek, indicating ongoing 

challenges in achieving optimal long-term outcomes for 

these patients (15). 
The Kaplan-Meier survival analysis vividly illustrates the 

disparity in long-term outcomes between ACS and non-
ACS patients. The steeper decline in survival probability for 

ACS patients highlights the persistent risk of MACE despite 

PCI interventions, corroborating findings from prior 

longitudinal studies (16, 17). This underscores the necessity 

for enhanced post-PCI monitoring and potentially more 

aggressive secondary prevention strategies for ACS 

patients. Previous research has advocated routine follow-up 
and comprehensive risk management to mitigate these risks 

(4). 

In summary, our study adds to the growing evidence that 
ACS patients remain at a higher risk for adverse outcomes 

post-PCI compared to non-ACS patients. The need for 
tailored intervention strategies, vigilant monitoring, and 

perhaps more personalized approaches to post-PCI care is 

evident. These findings align with and extend previous 

research, reinforcing the complex and challenging nature of 

managing ACS patients in the long term.  
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This study also had some limitations. The retrospective 

design introduced the potential for selection bias. 
Additionally, there was a risk of missing data or 

inaccuracies within the EHR. The generalizability of the 
study findings might be limited to populations and 

healthcare settings similar to those of the study cohort.  
 

Conclusion 

The study presents the demographic, clinical characteristics, 

stress test results, interventions, and outcomes of 300 
patients equally divided between those with ACS and those 

without (Non-ACS). ACS patients are slightly younger and 

predominantly male, with a higher prevalence of chronic 
kidney disease and peripheral arterial disease. Both groups 

underwent similar types of stress tests, with normal and 

abnormal results distributed evenly. However, ACS patients 
received more interventions, such as PCI, CABG, and 

medication adjustments. Despite similar rates of myocardial 

infarction and repeat revascularization, ACS patients had 
higher rates of cardiac death and recurrent angina. Kaplan-

Meier survival analysis reveals that ACS patients have a 

significantly lower survival probability over time, 
emphasizing their worse prognosis post-PCI compared to 

non-ACS patients. 
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