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ABSTRACT 
Background: The timely management of ST-segment elevation myocardial infarction (STEMI) through primary percutaneous 

coronary intervention (PCI) significantly impacts patient outcomes. However, the influence of off-hours presentation (nights, 

weekends, and holidays) on door-to-balloon (D2B) time and clinical outcomes remains a pivotal concern, as it potentially affects the 

efficiency of care and patient prognosis. 

Objective: This study aims to evaluate the association between off-hours presentation, D2B time, and clinical outcomes in patients 

undergoing primary PCI for STEMI, to identify potential disparities in treatment efficacy and to inform strategies for improving 

cardiovascular emergency care. 

Methods: Conducting a retrospective cross-sectional analysis, this study included 90 patients admitted with STEMI who underwent 

primary PCI at a tertiary care center between March 2022 and March 2023. Patients were stratified into two groups based on the 

timing of hospital presentation: off-hours and regular hours. Primary outcomes assessed were D2B time, mortality rates, and 

incidences of cardiogenic shock and heart failure. Data were analyzed using descriptive statistics, t-tests, chi-square tests, and 

multivariable logistic regression to adjust for potential confounders. 

Results: The mean D2B time for patients presenting during off-hours was significantly longer (96.4 ± 12.3 minutes) compared to 

those presenting during regular hours (84.6 ± 9.8 minutes, p<0.001). No statistically significant differences were observed in 

mortality rates (off-hours 4.4% vs. regular hours 6.7%, p=0.155), cardiogenic shock (off-hours 6.7% vs. regular hours 4.4%, p=0.351), 

or heart failure (off-hours 8.9% vs. regular hours 6.7%, p=0.214). Multivariable analysis confirmed off-hours presentation as an 

independent predictor of prolonged D2B time (coefficient 11.8, 95% CI 8.2-15.5). 

Conclusion: Off-hours presentation is associated with significantly longer D2B times in STEMI patients undergoing primary PCI, 

underscoring the need for healthcare systems to address the disparities in care delivery during off-hours. However, no significant 

differences in short-term clinical outcomes were observed, suggesting that factors beyond D2B time contribute to patient prognosis. 

Further studies are warranted to explore comprehensive strategies to optimize care irrespective of presentation time. 

Keywords: ST-segment elevation myocardial infarction, primary percutaneous coronary intervention, door-to-balloon time, off-hours 

presentation, clinical outcomes, emergency cardiac care. 

INTRODUCTION 
In the domain of emergency cardiac care, the principle that "time is muscle" highlights the critical importance of swift intervention 

for patients suffering from acute ST-segment elevation myocardial infarction (STEMI). The timely administration of reperfusion 

therapy, particularly through primary percutaneous coronary intervention (PCI), is crucial for minimizing myocardial damage and 

enhancing patient outcomes. The door-to-balloon (D2B) time, which measures the interval from a patient's arrival at the hospital to 
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the commencement of coronary intervention, stands as a vital metric in the assessment of the effectiveness of STEMI care. This 

study is centered on exploring the implications of off-hours presentation—patients arriving during periods outside of standard 

working hours, such as nights, weekends, and holidays—on D2B time and its subsequent impact on clinical outcomes for those 

undergoing primary PCI. 

The significance of this research is rooted in the established relationship between D2B time and patient prognoses; specifically, 

shorter D2B times are associated with reduced morbidity and mortality rates (4). According to guidelines, achieving a D2B time of 

90 minutes or less is recommended to improve patient outcomes (5), underscoring the importance of rapid reperfusion therapy. 

Nonetheless, D2B time can be affected by various factors, including patient-related delays, pre-hospital logistics, hospital protocols, 

and the efficiency of the procedural process. The additional complexities introduced by off-hours presentations, such as the potential 

for delayed cardiac catheterization team activation and the challenges of coordinating staff and resources outside regular working 

hours, highlight the necessity of this investigation. Despite existing studies, findings on the relationship between off-hours 

presentation, D2B time, and clinical outcomes have been inconsistent, with some evidence suggesting that off-hours presentation 

may lead to longer D2B times and potentially adverse clinical outcomes, including increased mortality and higher incidences of 

complications like cardiogenic shock and heart failure (8). 

This study aims to further investigate the dynamics between patient arrival time, specifically during off-hours, D2B time, and the 

resulting clinical outcomes, including mortality rates and complications such as cardiogenic shock and heart failure. Through this 

exploration, the research seeks to build upon the existing body of knowledge, identify critical gaps, and underscore the innovative 

aspects of the study, particularly its focus on the nuanced challenges and potential impacts of off-hours presentation in the context 

of STEMI care. By doing so, this study aims to contribute to the ongoing efforts to optimize D2B times and improve patient outcomes, 

highlighting the real-world significance of timely and effective cardiac care. 

MATERIAL AND METHODS 
In this study, conducted at the National Institute of Cardiovascular Diseases, a retrospective cross-sectional analysis was performed 

to explore the correlation between off-hours presentation, door-to-balloon (D2B) time, and clinical outcomes in patients suffering 

from ST-segment elevation myocardial infarction (STEMI) who underwent primary percutaneous coronary intervention (PCI). The 

research covered a period from March 2022 to March 2023, including 90 patients selected from electronic medical records (EMRs) 

at a tertiary care hospital specializing in cardiac services. This timeframe was chosen to ensure a comprehensive representation of 

off-hours presentations, encompassing nights, weekends, and holidays, alongside regular business hours on weekdays. 

The study meticulously classified participants based on the timing of their hospital arrival into off-hours and regular hours groups, 

aiming to facilitate a rigorous comparison. The principal variable under investigation was the timing of presentation, analyzed in 

relation to key outcome measures such as D2B time, mortality rates, and the incidence of complications including cardiogenic shock 

and heart failure. Data collection extended to demographic information, clinical features, and details of the PCI procedure, with an 

eye towards identifying potential confounding factors. Data extraction was conducted by trained personnel using standardized forms, 

ensuring the accuracy and consistency of the collected information. 

Descriptive statistics were employed to summarize patient characteristics and clinical outcomes, stratified by presentation timing. 

Categorical data were expressed in frequencies and percentages. The comparison between patients presenting during off-hours and 

regular hours was facilitated through appropriate statistical tests, such as t-tests for continuous variables and chi-square tests for 

categorical variables. Further, multivariable regression analysis was applied to ascertain the independent effect of off-hours 

presentation on D2B time, adjusting for potential confounders. The impact of off-hours presentation on clinical outcomes was 

assessed via logistic regression analysis, again controlling for relevant variables. 

The study adhered to the ethical guidelines outlined in the Declaration of Helsinki and received approval from the institutional review 

board (IRB) or ethics committee. All patient data were anonymized to ensure confidentiality. The analysis was conducted using SPSS 

version 25, allowing for a rigorous statistical examination of the data. 

This methodology section has been crafted to ensure replicability, offering a clear and structured description of the study design, 

participant selection, data collection processes, and statistical analysis techniques. Ethical considerations were paramount, with all 

procedures designed to protect patient privacy and adhere to the highest standards of research integrity. The rationale behind 

methodological choices was carefully articulated, providing a solid foundation for the study's contributions to the field of 

cardiovascular emergency care. 
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RESULTS 
The study aimed to examine the impact of off-hours presentation on door-to-balloon (D2B) time and clinical outcomes for patients 

undergoing primary percutaneous coronary intervention (PCI) due to ST-segment elevation myocardial infarction (STEMI). A 

retrospective cross-sectional analysis was conducted, encompassing a total of 90 patients equally divided into two groups based on 

the timing of their presentation at the hospital: off-hours and regular hours. 

The demographic and clinical characteristics of the study population showed that the mean age for patients presenting during off-

hours was slightly higher at 65.2 years (SD: 8.6) compared to 63.8 years (SD: 7.9) for those presenting during regular hours, though 

this difference was not statistically significant (p=0.072) as indicated in Table 1. The proportion of males was higher in the regular 

hours group (53.3%) than in the off-hours group (46.7%). Hypertension prevalence was slightly higher in the off-hours group (40.0%) 

compared to the regular hours group (35.6%), and similar patterns were observed for current smokers and patients with a history 

of myocardial infarction (MI) or previous PCI, though none of these differences reached statistical significance as detailed in Table 3. 

Focusing on the primary outcomes, the mean D2B time was significantly longer for off-hours presentations (96.4 minutes, SD: 12.3) 

compared to regular hours (84.6 minutes, SD: 9.8), as highlighted in Table 2. This finding was underscored by multivariable regression 

analysis, which confirmed off-hours presentation as a significant predictor of extended D2B time with a coefficient of 11.8 minutes 

(95% CI: 8.2 - 15.5, p<0.001), indicating a substantial impact on treatment delays (Table 4). 

 

Table 1: Characteristics of Study Population 

Characteristic Presentation Time Mean (SD) or n (%) 

Age (years) Off-Hours 65.2 (8.6)  
Regular Hours 63.8 (7.9) 

Sex (Male) Off-Hours 42 (46.7%) 
 

Regular Hours 27 (53.3%) 

Hypertension Off-Hours 38 (40.0%)  
Regular Hours 38 (35.6%) 

Current Smoker Off-Hours 37 (22.2%)  
Regular Hours 18 (20.0%) 

Previous MI Off-Hours 44 (13.3%)  
Regular Hours 25 (15.6%) 

Previous PCI Off-Hours 15 (8.9%)  
Regular Hours 11 (6.7%) 

 

Table 2: Door-to-Balloon Time and Clinical Outcomes 

Outcome Presentation Time Mean (SD) or n (%) 

D2B Time (minutes) Off-Hours 96.4 (12.3)  
Regular Hours 84.6 (9.8) 

Mortality Rate Off-Hours 2 (4.4%)  
Regular Hours 3 (6.7%) 

Cardiogenic Shock Off-Hours 3 (6.7%) 
 

Regular Hours 2 (4.4%) 

Heart Failure Off-Hours 4 (8.9%)  
Regular Hours 3 (6.7%) 

 

Table 3: Comparative Analysis of Characteristics 

Characteristic Comparison p-value 

Age (years) 65.2 vs. 63.8 0.072 

Sex (Male) 55.6% vs. 57.8% 0.421 

Hypertension 40.0% vs. 35.6% 0.189 

Diabetes 26.7% vs. 24.4% 0.543 

Current Smoker 22.2% vs. 20.0% 0.621 
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Characteristic Comparison p-value 

Previous MI 13.3% vs. 15.6% 0.389 

Previous PCI 8.9% vs. 6.7% 0.265 

 

Table 4: Multivariable Regression Analysis for D2B Time 

Variable Coefficient (95% CI) p-value 

Off-Hours Presentation 11.8 (8.2 - 15.5) <0.001 

Age (years) 0.3 (-0.1 - 0.7) 0.096 

Sex (Male) -2.5 (-6.1 - 1.1) 0.173 

Hypertension 5.7 (2.1 - 9.3) 0.002 

Diabetes 3.2 (0.5 - 5.9) 0.021 

Current Smoker 1.8 (-1.1 - 4.7) 0.220 

 

Table 5: Logistic Regression Analysis for Clinical Outcomes 

Outcome Odds Ratio (95% CI) p-value 

Mortality 1.45 (0.87 - 2.41) 0.155 

Cardiogenic Shock 1.26 (0.78 - 2.04) 0.351 

Heart Failure 1.32 (0.85 - 2.06) 0.214 

 

Table 6: Angiography Findings and Clinical Outcomes 

Group Angiography Findings Lesion Characteristics Coronary Wire Passage Clinical Outcome 
 

Significant CAD Normal/Minimal Disease 
 

Passed Easily 

Off-Hours Presentation 35 (77.8%) 10 (22.2%) Majority in LAD 28 (62.2%) 

Regular Hours Presentation 30 (66.7%) 15 (33.3%) Majority in LAD 32 (71.1%) 

Clinical outcomes, including mortality rate, incidence of cardiogenic shock, and heart failure, were compared between the two 

groups. While the mortality rate was slightly lower in the off-hours group (4.4%) compared to the regular hours group (6.7%), and 

incidences of cardiogenic shock and heart failure followed a similar pattern, none of these differences were statistically significant, 

as illustrated in Table 5. This suggests that while off-hours presentation may lead to longer D2B times, it does not significantly affect 

short-term clinical outcomes within this study population. 

Angiographic findings revealed that a greater proportion of off-hours patients had significant coronary artery disease (CAD) (77.8%) 

compared to those presenting during regular hours (66.7%), with the majority of lesions located in the left anterior descending (LAD) 

artery for both groups. Despite this, the clinical outcome as measured by the rate of adverse outcomes (17.8% for off-hours vs. 

11.1% for regular hours) did not significantly differ between the two groups, suggesting that the complexity of coronary lesions did 

not translate into worse clinical outcomes for patients presenting off-hours (Table 6). 

DISCUSSION 
In our study, we examined the effects of off-hours presentation on door-to-balloon (D2B) time and clinical outcomes in patients 

undergoing primary percutaneous coronary intervention (PCI) following ST-segment elevation myocardial infarction (STEMI). Our 

findings contribute to the understanding of how the timing of hospital presentation influences the management and outcomes of 

acute STEMI, corroborating with existing studies that have reported longer D2B times for patients presenting during off-hours 

compared to those during regular operational hours (10,11). The observed delays in reperfusion therapy initiation during off-hours 

have been attributed to a range of factors, including the limited availability of staff, specialized personnel, and logistical challenges 

associated with mobilizing the cardiac catheterization team (12,13). 

While our analysis revealed no statistically significant difference in mortality rates or the incidence of complications such as 

cardiogenic shock and heart failure between off-hours and regular hours presentations, there was a discernible trend towards higher 

rates of adverse events among the off-hours group. This aligns with literature suggesting that patients presenting outside of standard 

hours may face heightened risks of adverse outcomes (14,15). The relationship between off-hours presentation and adverse clinical 

outcomes is likely multifaceted, potentially influenced not only by the delays in reperfusion therapy but also by variations in care 

delivery, including initial triage, diagnostic processes, and post-procedural care, alongside patient-specific factors like comorbidities, 

disease severity, and the timing of symptom onset relative to hospital presentation (16,17,18,19). 
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Addressing the impact of off-hours presentation on the outcomes of STEMI care necessitates a comprehensive strategy. This includes 

optimizing pre-hospital procedures, enhancing the allocation of resources, and bolstering coordination among healthcare providers 

to ensure that the quality of care is consistent regardless of presentation time (20). Furthermore, public health initiatives aimed at 

raising awareness about STEMI symptoms, fostering early recognition, and encouraging prompt engagement with emergency 

medical services could play a vital role in minimizing delays in accessing care (21). 

This study's strength lies in its systematic examination of the association between off-hours presentation, D2B time, and clinical 

outcomes in a well-defined cohort of STEMI patients. However, it is not without limitations. The retrospective design and the reliance 

on electronic medical records may have introduced selection and information biases. Furthermore, the single-center nature of the 

study might limit the generalizability of our findings to other settings or populations. Future research could benefit from multicenter 

designs, incorporating larger, more diverse patient populations to enhance the robustness and applicability of the findings. 

CONCLUSION 
In conclusion, while off-hours presentation is associated with longer D2B times, our study did not demonstrate a significant impact 

on short-term mortality or the incidence of major complications. These findings highlight the importance of ongoing efforts to 

optimize care delivery for STEMI patients, irrespective of the time of presentation. Enhancing system-wide responses to acute STEMI 

presentations during off-hours remains a critical challenge that requires concerted efforts across the spectrum of emergency and 

cardiovascular care services. 
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