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ABSTRACT 
 

Aims: To determine the association between total ischemic time and in-hospital outcome of acute 
ST elevation myocardial infarction (STEMI) patients who underwent primary angioplasty. 
Study Design: Prospective observational study. 
Place & Duration of Study: Department of Cardiology, Dow university of health sciences Karachi 
between October 2017 till March 2021. 
Methodology: Data for total ischemic time analysis were collected from 366 STEMI patients who 
consecutively underwent primary angioplasty. Total ischemic time was measured from the onset of 
chest pain to o the first balloon inflation during primary angioplasty and in hospital outcome was 
measured. 
Results: Total ischemic times were available in 366 STEMI patients which was ≥ 30 minutes and < 
24 hours: ≤ 2 hours in 15.5%, >2-3 hours in 11.4%, >3-5 hours in 25.4%, and >5 hours in 47.5% of 
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STEMI patients. In addition, STEMI patients with total ischemic times <5 hours demonstrated 
complete ST-segment resolution and reduced death rate than those with total ischemic times >5 
hours.  
Conclusion: This study showed that shorter ischemic times are significantly related to improved 
myocardial reperfusion and decreased mortality.  
 

 
Keywords: ST-segment elevation myocardial infarction; total Ischemic time; primary angioplasty; 

outcomes. 
 

1. INTRODUCTION 
 

Acute ST segment elevation myocardial 
infarction (STEMI) is increasingly becoming a 
dominant cardiovascular condition in bringing 
significant morbidity and mortality to vast majority 
of patients in developing countries [1]. With the 
inception of the therapeutic landmark for STEMI 
known as Percutaneous Coronary Intervention 
(PCI) or angioplasty, its timely intervention has 
been a major focus. Considering the evidence-
based positives of timely angioplasty, clinical 
guidelines suggested the angioplasty for STEMI 
patients to be accomplished within 90 minutes of 
arrival at hospital [2]. Despite its significance, 
there is a lack of clinical evidence regarding its 
ideal implementation as demonstrated by Majid 
et al in their study which showed that only 32% 
PCI were done in agreement with recommended 
guidelines for door-to-balloon time

 
[3]. 

 

According to the National Registry of Myocardial 
infarction (NRMI) database, it has been shown 
that those STEMI subjects who received early 
angioplasty are far more benefited in terms of in-
hospital mortality, length of stay, recurrent 
ischemia and cardiogenic shock compared to 
late ones [4-5]. Moreover, it has been 
established that off-hours angioplasty tend to be 
associated with longer door-to-balloon time and 
resultant possible complications related to it

 
[3]. 

Therefore, management of STEMI is directed 
towards the effort to limit the interval in institution 
of PCI and patients arrival at hospital. Several 
speculators have indicated different methods to 
achieve timely angioplasty [6-9]. A significant 
body of evidence featured, in terms of clinical 
outcome, the merits of immediate reperfusion 
and demerits of late reperfusion in patients with 
STEMI [10-11]. 
 

In this study, we aimed at determining the 
association between total ischemic times and in-
hospital outcomes of acute STEMI patients who 
underwent primary angioplasty at Department of 
Cardiology of Dr. Ruth K.M. Pfau, CHK during 
the period from October 2017 till March 2021. 

2. METHODS 
 
From October 2017 till March 2021, Data for total 
ischemic time analysis were available in 366 
patients who consecutively underwent primary 
angioplasty after being diagnosed, in emergency, 
with acute STEMI. Total ischemic time is defined 
as the time from the onset of chest pain to the 
first balloon inflation during primary angioplasty

 

[12]. Inclusion criteria were patients aged above 
18 years, Evidence of ST segment elevation MI 
(electrocardiographic findings of ST-segment 
elevation 0.1 mV in at least two contagious 
leads, new or presumed new left bundle branch 
block, isolated ST-segment depression greater 
than or equal to 0.5 mm in leads V1-V3 or ST 
elevation of 0.5 mm in leads V7-V9 with the use 
of posterior leads). Exclusion criteria were 
Patients aged < 18 years, STEMI patients who 
already received fibrinolytic therapy, who 
presented with cardiogenic shock and who 
received coronary artery bypass grafting (CABG) 
after primary angioplasty. When patient with 
typical chest pain landed up in emergency 
department, 12 lead ECG is performed within 10 
minutes of arrival and interpreted by our 
emergency physician, After STEMI was 
confirmed, treatment protocol was started and 
patient transferred to catheterization laboratory 
keeping in view the door to balloon time within 90 
minutes. The study protocol was approved by 
Ethics committee of Dow University of Health 
Sciences. Karachi, Pakistan. 
 
The interventional procedure was performed by 
interventional cardiologists’ once written informed 
consent, or if not feasible, verbal consent for 
treatment had been obtained. The vast majority 
of patients received a loading dose of two 
antiplatelet therapies and heparin before 
angioplasty. The choice of antithrombotic 
therapy, the use of thrombus aspiration catheter 
and the type of stent were left to the discretion of 
the attending interventionist. As primary 
angioplasty was done, patients were advised to 
take: dual antiplatelet therapies, beta blockers, 
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lipid lowering agents, and angiotensin-converting 
enzyme inhibitor/ angiotensin receptor blocker. 
 
After primary angioplasty, evaluation of the 
angiographic and clinical data record was done 
by two experienced observers blinded with 
patients’ personal details. Following parameters 
were assessed, thrombolysis In Myocardial 
Infarction (TIMI) flow grade, angiographic 
appearance of thrombus in the infarct related 
artery and an electrocardiogram done 30 to 60 
minutes after primary angioplasty was evaluated. 
ST segment elevation resolution was used as a 
marker for determining optimum myocardial 
reperfusion. 
 
A structured pro-forma was filled out for the said 
subjects that encompasses continuous and 
categorical variables including age, gender, 
smoking history, diabetes, hypertension, 
dyslipidemia, location of myocardial infarction 
[anterior, inferior, lateral or posterior, and right 
ventricular infarction], total ischemic time (onset-
to-door plus door-to-balloon time) which was 
systematically collected from patient itself or 
relatives of the patient, TIMI flow grade(pre and 
post procedure), number of diseased vessels, 
resolution of ST segment, and follow-up record at 
30-day interval which was obtained through 
telephone or from hospital database. 
 
Data analysis done through SPSS version 21.0. 
STEMI patients were categorically classified into 
four different quartiles based on Total ischemic 
times which are ≤ 2 hours, >2-3 hours, >3-5 
hours, and >5 hours. The continuous variables 
were reported as mean and SD whereas for 
categorical variables Chi-square test applied in 
which the p-value of <0.05 considered 
statistically significant. Moreover, Microsoft Excel 
2016 used to report the frequencies and 
percentages in tabulation and graphical format, 
as appropriate. 
 

3. RESULTS 
 

Total ischemic time were available in 366 
patients, of which the number of patients who 
had ischemic time less than two hours were 57 
(15.5%), those who had ischemic time more than 
two to three hours were 42 (11.4%), those who 
had ischemic time more than three to five hours 
were 93 (25.4%), those patient who had ischemic 
time more than five hours were 174 (47.5%). 
Ischemic time median was 3.1 hours. Total 
ischemic time was significantly associated with 
age, hypertension, and current smoking status 
(Table 1). Table 2 summarizes the angiographic 
and procedural characteristics of STEMI patients. 
Ischemic time was associated with presence of 
collateral redistribution, multi-vessel disease, 
stent implantation and use of Intra aortic balloon 
pump (IABP). Successful TIMI 3 flow was 94.7% 
in patients who landed up in emergency 
department within two hours; however, TIMI 3 
flow was 70.7% in patients who presented after 
five hours. Thrombosis after primary PCI 
occurred significantly in patients who presented 
prolonged ischemic hours (> 5 hours). 
Furthermore, STEMI patients with early 
presentation did not need the use of IABP.  
 

The outcome characteristics specify that STEMI 
patients who landed early (< 2 hours) in 
emergency department show greater ST 
segment resolution (87.7%) and lower mortality 
at 30-day interval (0%) compared with patients 
who presented late (> 5 hours) as shown in 
Table 3. 
 

4. DISCUSSION 
 

This cohort maintained that myocardial 
reperfusion was successfully achieved, with 
better cardiovascular outcomes, in those STEMI 
patients who suffered less ischemic hours of 
injury before receiving primary angioplasty.   

Table 1. Baseline characteristics 
 

Variables Myocardial Ischemic Time (hours)  P-value 

 ≤2 (n = 57) >2-3 (n = 42) >3-5 (n = 93) >5 (n = 174) 

Ischemic time (hours) 1.67 ± 1.09 2.57 ± 0.51 3.94 ± 0.45 13.69 ± 10.83 <0.001 
Age (years) 58.51 ± 14.86 55.98 ± 12.18 58.00 ± 10.43 54.64 ± 10.31 0.049 
Men 45 (78.9%) 30 (71.4%) 68 (73.1%) 127 (73.0%) 0.805 
Hypertension 35 (61.4%) 20 (47.6%) 68 (73.1%) 107 (61.5%) 0.036 
Dyslipidemia 27 (47.4%) 16 (38.1%) 42 (45.2%) 63 (36.2%) 0.336 
Diabetes Mellitus 29 (50.9%) 14 (33.3%) 43 (46.2%) 82 (47.1%) 0.341 
Current smoker 18 (31.6%) 14 (33.3%) 52 (55.9%) 83 (47.7%) 0.010 

Data are expressed as number (percentage) or as mean ± S.D 
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Table 2. Angiographic and procedural characteristics 
 

Variables Myocardial Ischemic Time (hours)  P-value 

 ≤2 (n = 57) >2-3 (n = 
42) 

>3-5 (n = 
93) 

>5 (n = 174) 

Pre-PCI angiography   
 Anterior infarction 24 (42.1%) 22 (52.4%) 43 (46.2%) 58 (33.3%) 0.057 
 Multi-vessel disease 20 (35.1%) 12 (28.6%) 23 (24.7%) 26 (14.9%) 0.007 
 Collateral arteries 14 (24.6%) 8 (19.0%) 14 (15.1%) 17 (9.8%) 0.036 
 TIMI grade 0 or 1 before 
PCI 

36 (63.2%) 32 (76.2%) 82 (88.2%) 168 (96.6%) <0.01 

Procedural   
 Balloon dilatation 42 (73.7%) 32 (76.2%) 86 (92.5%) 134 (77%) 0.008 
 Stent Implantation 51 (89.5%) 40 (95.2%) 88 (94.6%) 163 (93.7%) 0.59 
 Intra-aortic balloon pump 0 (0%) 4 (9.5%) 3 (3.2%) 5 (2.9%) 0.066 
Post-PCI angiography   
 TIMI grade 3 after PCI 54 (94.7%) 36 (85.7%) 74 (79.6%) 123 (70.7%) 0.01 
 Thrombus after PCI 45 (78.9%) 25 (59.5%) 23 (24.7%) 54 (31.0%) <0.01 

 
Table 3. Outcome characteristics 

 
Variables Myocardial Ischemic Time (hours)  P-value 

 ≤2 
(n = 57) 

>2-3  
(n = 42) 

>3-5 
(n = 93) 

>5 
(n = 174) 

ST-segment resolution >70% 50 (87.7%)  35 (83.33%) 74(79.56%) 132 (75.86%) 0.02 
Mortality at 30 days 0 (0%) 3 (7.1%) 4 (4.3%) 9 (5.1%) 0.05 

Data are expressed as number (percentage) 

 

 
 

Chart 1. 623 STEMI patients’ treated 
 

Our study findings are in line with the previous 
speculations that prolonged ischemia (>5 hours) 
is linked to poor myocardial salvage. Cardio-
protection and prevention of transmural necrosis 
can only be achieved by minimizing the time to 
reperfusion as evident by latest Cardiac 
magnetic resonance (CMR) techniques [13]. 
CMR pointed out the significance of total 

ischemic time as a prime predictor of transmural 
necrosis and severe microvascular obstruction 
(risk of transmural necrosis increased by 37% for 
every half an hour delay) [14]. 
 

It is apparent from previous studies that time to 
reperfusion play a significant role in determining 
clinical outcomes of STEMI patients. STEMI 
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patients who received primary angioplasty in < 5 
hours of ischemic insult tend to show better 
reperfusion probabilities than those who faced > 
5 hours of ischemic injury [15]. In addition, 
maximum therapeutic benefit have been 
observed in patient who received primary 
angioplasty in <120 minutes [16]. 
 
ST-segment resolution has been recognized as a 
major determinant of cardiac reperfusion from 
epicardium up to the microvasculature level [17-
18]. Complete ST-segment resolution post-
angioplasty is a valid surrogate marker of 
optimum cardiac reperfusion which has an 
independent association with patients’ delayed 
presentation to reperfusion facility [19]. In our 
cohort, STEMI patients with less duration of 
ischemia exhibited complete ST-segment 
resolution than those with more duration of 
ischemia. 
 
The relation between total ischemic time and 
clinical outcomes in STEMI patients, undergoing 
primary angioplasty, is of paramount 
significance. De Luca et al highlighted the 
importance of time delays in cardiac reperfusion 
by putting forth their finding that every 30 
minutes delay paralleled with 7.5% mortality at 
one year follow-up [20]. In addition, Kawecki D 
and co-workers, while studying annual trends in 
total ischemic times and mortalities concluded 
that lesser time delays translates into fewer risks 
of cardiovascular deaths [21]. Our study supports 
the above study findings as mortality (evaluated 
at 30 days in our study) was three fold in STEMI 
patients suffering from >5 hours of ischemic 
injury.  
 
Our study has some limitations. Firstly, it is a 
single-centre study which limits its general 
application to other angioplasty facilities. 
Secondly, the retrospective nature itself inherent 
survivor bias along with possible influence of 
unidentifiable confounders. Finally, patients with 
cardiogenic shock were excluded from the data 
population which might restrict the accuracy of 
our study results. 
 

5. CONCLUSION 
 
In conclusion, total ischemic time is a major 
determinant of successful myocardial 
reperfusion. In addition, it has a significant link 
with in-hospital outcomes of STEMI patients in 
terms of salvaging infarcted myocardium and 
curbing the associated mortality.  
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