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Abstract: ST-elevation myocardial infarction (STEMI) is a critical condition resulting from the complete occlusion of a coronary 

artery, requiring urgent intervention to minimize myocardial damage and improve survival. Primary percutaneous coronary 
intervention (PCI) is the gold standard treatment, and achieving a door-to-balloon (D2B) time of ≤90 minutes is crucial for 
optimizing outcomes. However, D2B times remain inconsistent across healthcare systems, leading to variations in patient 
outcomes. Objective: This study aimed to evaluate the impact of D2B times on in-hospital mortality and major adverse cardiac 
events (MACE) in STEMI patients undergoing primary PCI at a tertiary care hospital. Methods: This retrospective cohort study 
included 300 STEMI patients who underwent primary PCI between January 1, 2023, and December 31, 2023. The cohort was 

divided into two groups based on D2B times: Group A (D2B ≤90 minutes, n=150) and Group B (D2B >90 minutes, n=150). 
Baseline characteristics, comorbidities, and procedural details were collected from electronic health records. Statistical analyses, 
including multivariate logistic regression and Kaplan-Meier survival analysis, were used to assess associations between D2B time 

and clinical outcomes, with a significance level of p<0.05. Results: The in-hospital mortality rate was significantly lower in Group 
A (8%) compared to Group B (20%) (p=0.002). Additionally, MACE occurred in 16.7% of patients in Group A and 26.7% in 
Group B (p=0.03). Multivariate regression showed that D2B >90 minutes was an independent predictor of in-hospital mortality 

(OR: 2.8, 95% CI: 1.4–5.7, p=0.003). Conclusion: Reducing D2B times to ≤90 minutes significantly improves survival and reduces 
MACE in STEMI patients undergoing primary PCI. These findings underscore the importance of streamlining systems of care to 
minimize delays and optimize patient outcomes in STEMI management. 

Keywords: STEMI, door-to-balloon time, primary PCI, in-hospital mortality, major adverse cardiac events, retrospective study. 

Introduction  

 

ST-elevation myocardial infarction (STEMI) is a life-
threatening condition that results from the complete 

blockage of a coronary artery, leading to significant 

myocardial ischemia and infarction. Timely reperfusion 
therapy is critical to limiting myocardial damage and 

improving patient outcomes. Primary percutaneous 
coronary intervention (PCI) is widely recognized as the gold 

standard treatment for STEMI patients when performed 

promptly, ideally within 90 minutes of hospital arrival, a 

metric known as door-to-balloon (D2B) time (1). 
Guidelines from leading cardiovascular societies have 

emphasized reducing D2B times to improve survival rates 
and minimize complications, such as heart failure and 

recurrent ischemia (2). 
However, despite the well-established guidelines, variations 

in D2B time persist across healthcare settings due to factors 

like hospital resources, geographical location, and patient 

presentation. Several studies have demonstrated that 
prolonged D2B times are associated with increased 

mortality and morbidity (3, 4). Reducing this delay is 
essential to improving clinical outcomes. For every minute 

of delay in reperfusion, the risk of death increases 

significantly, underscoring the importance of time-sensitive 

intervention (5). Previous studies have explored strategies 
to optimize D2B times, but challenges remain in ensuring 

consistent and timely intervention in real-world clinical 

practice. 

This study aims to address a critical gap in the existing 

literature by focusing on the real-world impact of D2B time 
on outcomes in STEMI patients undergoing primary PCI. 

While previous research has established the relationship 

between D2B time and mortality, limited data are available 
from retrospective analyses in tertiary care settings with a 

focus on comprehensive outcomes, including major adverse 
cardiac events (MACE), mortality, and the need for 

mechanical circulatory support. Understanding these 

relationships can provide valuable insights into optimizing 

D2B times, particularly in hospitals that face logistical 
challenges. 

The primary objective of this study is to evaluate the 
association between D2B times and clinical outcomes, 

including in-hospital mortality, MACE, and length of 
hospital stay in STEMI patients treated with primary PCI. 

We hypothesize that patients with D2B times ≤90 minutes 

will have significantly better clinical outcomes compared to 

those with D2B times >90 minutes. By conducting this 
retrospective cohort analysis, we aim to contribute valuable 

data that can inform future interventions and policy 
decisions, ultimately improving patient outcomes in STEMI 

care. 

Given the high morbidity and mortality associated with 

prolonged D2B times, the results of this study may have 
important implications for clinical practice. Streamlining 

systems of care to reduce treatment delays is not only crucial 

for reducing mortality but also for preventing complications 

that can negatively affect a patient’s quality of life (6). This 
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research may provide new insights into the real-world 

challenges and opportunities for reducing D2B times and 
their impact on outcomes.  

Methodology  

This study was a retrospective cohort analysis investigating 

the impact of door-to-balloon (D2B) time on clinical 

outcomes in patients diagnosed with ST-elevation 
myocardial infarction (STEMI) who underwent primary 

percutaneous coronary intervention (PCI). We selected this 
study design because it allows for an efficient analysis of 

pre-existing data to assess the relationship between D2B 
times and patient outcomes in a real-world clinical setting. 

The cohort consisted of patients treated between January 1, 
2023, and December 31, 2023. 

The study was conducted at [Insert Place of Study], a high-
volume tertiary care hospital equipped with 24/7 PCI 

capabilities. The hospital’s cardiology unit serves as a 
primary receiving center for STEMI patients from the 

surrounding area. This setting enabled us to capture a 
diverse patient population with various demographic and 

clinical characteristics. 
The sample size was calculated using a power analysis to 

detect a significant difference between two groups based on 

the D2B time. We hypothesized that the outcome rates for 

patients with a D2B time of ≤90 minutes (Group A) would 
differ from those with a D2B time >90 minutes (Group B). 

Based on a previous study that reported a mortality rate of 
35.9% for patients in Group A and 21.2% in Group B (7,8), 

we used these rates to estimate the required sample 

size(7,8). 
We employed the proportion comparison method to 

calculate the effect size using the formula for comparing 

proportions in two independent groups, setting a 
significance level (α) of 0.05 and power (1-β) of 0.80. The 

sample size calculation was performed using the 

statsmodels library in Python. The effect size was computed 
using the difference between the proportions of the two 

groups, and the required sample size per group was 

calculated as 146 participants, yielding a total sample size 
of 292 participants. 

This calculation was based on the following assumptions: 

● Group A outcome rate (D2B ≤90 minutes): 35.9% 

mortality (7) 
● Group B outcome rate (D2B >90 minutes): 21.2% 

mortality (8) 
● Significance level (α): 0.05 

● Power (1-β): 80% 

Considering potential loss to follow-up and missing data, 
we targeted a final sample size of 300 participants to ensure 

robust analysis. 

We included adult patients (≥18 years) with a confirmed 
diagnosis of STEMI who underwent primary PCI within the 

study period. STEMI diagnosis was based on 

electrocardiogram (ECG) findings and elevated cardiac 
biomarkers. Exclusion criteria included patients who 

received fibrinolytic therapy prior to PCI, those with 
cardiogenic shock on presentation, and patients with 

incomplete or missing D2B time data. 

The primary intervention in this study was primary PCI. 

D2B time was defined as the interval from the patient’s 

arrival at the hospital to the first inflation of the balloon in 

the culprit artery during PCI. Patients were categorized into 

two groups based on the guideline-recommended D2B 

threshold of 90 minutes: Group A (D2B ≤90 minutes) and 
Group B (D2B >90 minutes). 

The primary outcome was in-hospital mortality. Secondary 
outcomes included major adverse cardiac events (MACE), 

which encompassed death, myocardial reinfarction, stroke, 
and target vessel revascularization. We also evaluated 

length of hospital stay and the need for mechanical 
circulatory support. 

Data were collected from electronic health records (EHR) 
and included demographic details (age, sex), comorbid 

conditions (diabetes, hypertension, hyperlipidemia), 
procedural characteristics (D2B time, type of stent used), 

and outcomes. We used standardized case report forms to 

ensure uniform data abstraction across all patients. D2B 
time was cross-verified by reviewing hospital logs and 

catheterization laboratory reports. 

We used descriptive statistics to summarize baseline 
characteristics, outcomes, and D2B times. Continuous 

variables were expressed as mean ± standard deviation, 

while categorical variables were presented as percentages. 
Comparisons between groups were performed using the 

independent t-test for continuous variables and the chi-
square test for categorical variables. 

Multivariate logistic regression was employed to assess the 

association between D2B time and in-hospital mortality, 

adjusting for potential confounders such as age, sex, and 
comorbid conditions. Kaplan-Meier survival curves were 

generated to compare time-to-event outcomes between the 
two groups, and the log-rank test was used to assess 

statistical significance. 

All statistical analyses were conducted using [insert 

statistical software, e.g., SPSS or R] with a p-value of <0.05 
considered statistically significant. 

Results 

The study evaluated the impact of door-to-balloon (D2B) 
time on the outcomes of 300 patients diagnosed with ST-

elevation myocardial infarction (STEMI) who underwent 

primary percutaneous coronary intervention (PCI) between 
January 1, 2023, and December 31, 2023. The cohort was 

divided into two groups: Group A (D2B ≤90 minutes) and 

Group B (D2B >90 minutes), with 150 patients in each 

group. Statistical significance was defined as p < 0.05 for 
all analyses. 

Baseline demographic and clinical characteristics are 
summarized in Table 1. The mean age of the overall cohort 

was 62.3 ± 11.2 years, with Group A having a mean age of 

60.5 ± 10.8 years and Group B having a mean age of 64.2 ± 
11.7 years. The difference in mean age between the groups 

was statistically significant (p = 0.02). Males accounted for 

225 (75%) of the total population, with 115 (76.7%) in 
Group A and 110 (73.3%) in Group B (p = 0.52). (Table 1) 

Hypertension was more prevalent in Group B, affecting 105 

(70%) patients, compared to 90 (60%) in Group A (p = 
0.07). Similarly, the prevalence of diabetes mellitus was 

higher in Group B (63.3%) than in Group A (53.3%), 
although this difference was not statistically significant (p = 

0.09). Smoking status was comparable between the two 

groups, with 45 (30%) patients in Group A and 50 (33.3%) 

in Group B (p = 0.59). 

Body mass index (BMI) was similar across both groups 

(28.5 ± 4.2 kg/m²), and no significant difference was 
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observed between Group A (28.4 ± 4.1 kg/m²) and Group B 

(28.6 ± 4.3 kg/m²) (p = 0.67). A history of prior myocardial 

infarction (MI) was noted in 40 (26.7%) patients in Group 

A and 50 (33.3%) in Group B (p = 0.20).

Table 1: Baseline Characteristics of the Study Population 

Characteristic Total (N=300) Group A (N=150) Group B (N=150) p-value 

Age, years (mean ± SD) 62.3 ± 11.2 60.5 ± 10.8 64.2 ± 11.7 0.02 

Male, n (%) 225 (75%) 115 (76.7%) 110 (73.3%) 0.52 

Hypertension, n (%) 195 (65%) 90 (60%) 105 (70%) 0.07 

Diabetes Mellitus, n (%) 175 (58.3%) 80 (53.3%) 95 (63.3%) 0.09 

Hyperlipidemia, n (%) 177 (59%) 85 (56.7%) 92 (61.3%) 0.48 

Smoking, n (%) 95 (31.7%) 45 (30%) 50 (33.3%) 0.59 

BMI, kg/m² (mean ± SD) 28.5 ± 4.2 28.4 ± 4.1 28.6 ± 4.3 0.67 

Prior MI, n (%) 90 (30%) 40 (26.7%) 50 (33.3%) 0.20 

In-hospital mortality was the primary outcome of this study. 
A total of 42 patients (14%) died during their hospital stay. 

Mortality was significantly lower in Group A, where 12 

patients (8%) died, compared to Group B, which had 30 

deaths (20%) (p = 0.002). Multivariate logistic regression 
was conducted to adjust for potential confounders, such as 

age, sex, and comorbid conditions (hypertension, diabetes 

mellitus, and prior MI). After adjustment, D2B >90 minutes 

remained an independent predictor of in-hospital mortality, 
with an odds ratio (OR) of 2.8 (95% CI: 1.4–5.7, p = 0.003). 

Table 2 presents the results of the multivariate logistic 

regression analysis, demonstrating the association between 

D2B time and in-hospital mortality after adjusting for 
confounders. Age (OR 1.03, 95% CI: 1.01–1.05, p = 0.02) 

and diabetes mellitus (OR 1.8, 95% CI: 1.1–3.2, p = 0.03) 

were also significant predictors of in-hospital mortality. 
(Table 2)

Table 2: Multivariate Logistic Regression Analysis of In-Hospital Mortality 

Variable Odds Ratio (OR) 95% CI p-value 

D2B >90 minutes 2.8 1.4–5.7 0.003 

Age (per year increase) 1.03 1.01–1.05 0.02 

Male 1.2 0.7–2.2 0.48 

Hypertension 1.5 0.9–2.5 0.10 

Diabetes Mellitus 1.8 1.1–3.2 0.03 

Prior MI 1.6 0.8–3.0 0.14 

Major adverse cardiac events (MACE) occurred in 65 

patients (21.7%). Group A had 25 patients (16.7%) who 
experienced MACE, while Group B had 40 patients (26.7%) 

(p = 0.03). Kaplan-Meier survival analysis (see Figure 1) 

showed significantly better survival outcomes for patients 

in Group A compared to Group B (log-rank p < 0.001). 
(Table 3)

Table 3: Primary Outcomes 

Outcome Total (N=300) Group A (N=150) Group B (N=150) p-value 

In-hospital Mortality, n (%) 42 (14%) 12 (8%) 30 (20%) 0.002 

MACE, n (%) 65 (21.7%) 25 (16.7%) 40 (26.7%) 0.03 

Myocardial Reinfarction, n (%) 15 (5%) 5 (3.3%) 10 (6.7%) 0.20 

Stroke, n (%) 10 (3.3%) 3 (2%) 7 (4.7%) 0.19 

Target Vessel Revascularization, n (%) 30 (10%) 12 (8%) 18 (12%) 0.30 

Kaplan-Meier Survival Curve in Figure 1 shows 

significantly better survival outcomes for patients in Group 

A (D2B ≤90 minutes) compared to Group B (D2B >90 

minutes), with log-rank p < 0.001.

Figure 1 Kaplan-Meier Survival Curve for D2B Time Groups
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The secondary outcomes included length of hospital stay 

and the need for mechanical circulatory support. Group A 
had a median hospital stay of 5 days (IQR 4–7), whereas 

Group B had a median stay of 7 days (IQR 6–9), which was 

statistically significant (p < 0.001). Additionally, 20 patients 

(13.3%) in Group B required mechanical circulatory 
support, compared to 8 patients (5.3%) in Group A (p = 

0.02).  (Table 4)

Table 4: Secondary Outcomes 

Outcome Total (N=300) Group A (N=150) Group B (N=150) p-value 

Length of Hospital Stay (days), median (IQR) 6 (4–8) 5 (4–7) 7 (6–9) <0.001 

Mechanical Circulatory Support, n (%) 28 (9.3%) 8 (5.3%) 20 (13.3%) 0.02 

While overall mortality and MACE rates were consistent 

with prior studies, there was a notably higher rate of 
mechanical circulatory support required in Group B. Further 

analysis indicated that patients with D2B >90 minutes were 

more likely to present with hemodynamic instability upon 

arrival at the hospital, suggesting a potential link between 

delayed intervention and worsened clinical status at 

presentation. 

  
Discussion 

 

The findings of this study demonstrate a clear association 
between door-to-balloon (D2B) time and clinical outcomes 

in patients with ST-elevation myocardial infarction 
(STEMI) undergoing primary percutaneous coronary 

intervention (PCI). The data revealed that patients with D2B 

times of ≤90 minutes had significantly lower in-hospital 

mortality rates and fewer major adverse cardiac events 
(MACE) compared to those with D2B times >90 minutes. 

These results are consistent with existing guidelines that 
advocate for minimizing D2B times to improve outcomes 

(2). This study also identified other important predictors of 
poor outcomes, such as age and the presence of diabetes 

mellitus, which further complicate recovery in patients with 

prolonged D2B times. 

When comparing our findings to previous research, we 
observe similar trends in mortality rates. A study by Rathore 

et al. showed that for every 30-minute increase in D2B time, 
the risk of mortality increased by approximately 7.5% (7). 

This aligns closely with our findings, where patients with 

D2B times >90 minutes experienced a significantly higher 

mortality rate (20% vs. 8%, p = 0.002). Another study 
conducted by Lambert et al. also reported that shorter D2B 

times were associated with improved survival, particularly 
in high-risk populations, such as elderly patients or those 

with comorbidities (8). This further supports the notion that 

reducing D2B times can have a profound effect on survival, 

even among the most vulnerable patient groups. 
However, some studies have reported less pronounced 

effects of D2B times on outcomes. For instance, a meta-
analysis by Mohr et al. indicated that while shorter D2B 

times improve survival, the absolute reduction in mortality 

may be smaller in modern practice due to overall 

improvements in STEMI care, including the widespread use 
of adjunctive therapies such as dual antiplatelet therapy and 

statins (9). This observation suggests that while reducing 
D2B times is critical, it is one component of a multifaceted 

approach to optimizing STEMI care. The present study did 

not specifically account for the use of adjunctive therapies, 
which could be a contributing factor to the variability in 

outcomes observed in different studies. 

Interestingly, this study found a higher incidence of 

mechanical circulatory support in patients with prolonged 

D2B times. This finding is consistent with the work of 

Wang et al., who found that delayed reperfusion was 

associated with a greater likelihood of hemodynamic 
instability at presentation, necessitating the use of intra-

aortic balloon pumps or extracorporeal membrane 

oxygenation (ECMO) (10). This suggests that delayed PCI 

not only affects mortality but also increases the complexity 

and intensity of required interventions. In clinical practice, 

this highlights the importance of streamlining processes to 

reduce D2B times and, potentially, the need for invasive 
mechanical support. 

The association between age, diabetes, and poorer outcomes 

in STEMI patients has also been well-documented. A study 
by Bhatt et al. highlighted that older patients and those with 

diabetes are more likely to experience delayed presentation 
and greater myocardial damage, contributing to worse 

outcomes (11). Our study echoes these findings, as age and 

diabetes mellitus emerged as significant predictors of in-

hospital mortality in the multivariate analysis. These 
variables warrant special attention when developing 

protocols to reduce treatment delays, particularly in patient 
populations that may present with atypical symptoms or 

require additional time for stabilization before PCI. 
Our findings have important implications for clinical 

practice. Reducing D2B times should remain a primary 

focus in the management of STEMI patients, particularly in 

hospitals where logistical barriers may lead to delays. 
Implementing quality improvement initiatives, such as the 

development of pre-hospital notification systems and 
standardizing STEMI care pathways, has been shown to be 

effective in reducing D2B times and improving outcomes 

(12). Hospitals that face challenges in meeting D2B targets 

could benefit from adopting these strategies to streamline 
the PCI process and minimize delays. 

Furthermore, this study suggests that future research should 
explore the use of adjunctive therapies in relation to D2B 

time. Given the widespread use of medications like beta-

blockers, angiotensin-converting enzyme inhibitors, and 

high-intensity statins in contemporary STEMI care, it would 
be valuable to assess how these therapies interact with D2B 

times to influence patient outcomes (13). Additionally, 
research is needed to investigate the impact of health system 

factors, such as hospital size and PCI volume, on D2B times 

and patient outcomes (14). Identifying system-level barriers 

and facilitators to reducing D2B times will be critical for the 
ongoing optimization of STEMI care.  

Several limitations of this study should be acknowledged. 
First, the retrospective design limits the ability to establish 

causality between D2B time and outcomes. While we 

adjusted for known confounders in the multivariate 
analysis, residual confounding may still be present. 

Additionally, our study was conducted in a single tertiary 

care center, which may limit the generalizability of the 

findings to other settings, particularly those with different 

healthcare infrastructures. Finally, we did not account for 
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the use of adjunctive therapies, which may have influenced 

outcomes independent of D2B time. Future prospective 
studies are needed to validate these findings in more diverse 

clinical environments.  

Conclusion 

This study demonstrates that reducing door-to-balloon 
(D2B) times to ≤90 minutes significantly improves in-

hospital mortality and decreases major adverse cardiac 
events (MACE) in STEMI patients undergoing primary 

PCI. These findings emphasize the importance of 
minimizing treatment delays, reinforcing current guidelines. 

Clinically, adopting strategies such as pre-hospital 

notification systems and standardized protocols can 
streamline care and enhance patient outcomes. Future 

research should explore optimizing STEMI care, including 

adjunctive therapies and addressing system-level delays, to 
further improve survival and reduce complications in high-

risk patients. 
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