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Abstract 
Background: Smoking is a common problem with a high public health burden. There are many hazardous 

actions of smoking on body systems especially haemostatic, respiratory and circulatory systems. Smoking may 

increase the thrombus burden in patients with acute ST segment elevation myocardial infarction (STEMI). The 

‘smoker’s paradox’ has been described for more than 25 years. Its existence and its effect on patients’ outcome 

post myocardial infarction are debatable. Smoking is associated with many influencing factors for accelerating 

Myocardial Infarction (MI). In a country like Bangladesh Streptokinase (SK) is used as a leading therapeutic 

option for the treatment of acute STEMI. SK binds with plasminogen; this SK-plasminogen complex ensures 

fibrinolysis. The aim of this study was to determine angiographic outcome after SK infusion in patients with 

STEMI and to compare between smokers and non-smokers. 

Methods: In this observational, prospective and single-center study conducted between December 2020 and 

November 2022, a total of 100 patients who were diagnosed with STEMI were included. Patients were divided 

in two groups, Group I (smokers) and Group II (non-smokers). The patients were treated with thrombolytic 

(streptokinase) therapy and evaluated for TIMI flow by performing angiography within 72 hours of 

thrombolysis with SK. 

Results: The ratio of smokers and non- smokers was 2:1. Total number of male patients were 87 (87.0%) and 

female were 13 (13%). Smokers were younger than the non-smokers (48.80 ± 10.23 vs 54.57 ± 9.51). After 

thrombolysis patients were evaluated by symptoms, ECG improvements and ultimately by TIMI flow grades on 

angiogram. A Total of 55 patients achieved TIMI 3 flow of which 43 (64.2%) were smokers and 12 (36.4%) 

were non-smokers. 

Conclusions: Smokers have relatively more hypercoagulable state than non-smokers. Better effect of 

thrombolysis in smokers group may be because of younger age and lesser comorbidities. Smokers should be 

motivated and guided properly to quit smoking. 
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I. Introduction 
Smoking is an important risk factor for ischemic heart disease and is associated with increased rates of 

myocardial infarction and cardiovascular death1-3. However, there are some data showing mortality is lower in 

smokers than non-smokers in patients with ST-segment elevation myocardial infarction (STEMI), when treated 
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with thrombolysis or without reperfusion therapy.4-6The influence of smoking on outcome in patients with 

STEMI treated with Streptokinase was the main aim of this study. Coronary Angiographic measurements of 

Thrombolysis in Myocardial Infarction (TIMI) flow grades can be easily evaluated after treatment with 

thrombolytic therapy. Ageing is a major risk factor for manifestation of MI followed by smoking. Smoking is 

injurious to health and its harmful effects also increase with advancing age. However, smoking is one of the 

major modifiable risk factor and preventable cause of MI.7 Smoking is associated with many influencing factors 

for accelerating MI. Despite having hazardous effects of smoking, many studies have reported that smokers get 

more advantageous effect of thrombolytic therapy than non-smokers for the treatment of MI; this is known as 

“the smoker’s paradox”8-11. Thus, the aim of this study was to determine angiographic patency after SK infusion 

in ST segment elevation myocardial infarction (STEMI) patients and comparison between smokers and non-

smokers. 

 

II. Methods 
Study design and population: 

This was an observational, prospective, single-center study conducted between December 2020 to 

November 2022 at a tertiary care center in Bangladesh. A total of 100 patients were enrolled during this period. 

The patients who were admitted to the emergency department and diagnosed with STEMI were included in this 

study. STEMI was diagnosed in presence of two or three following criteria: Chest pain and/or discomfort for at 

least 20 minutes or more; ST segment elevation of  ≥1 mm in at least two contiguous leads; in leads V2-V3 ST 

segment elevation of ≥ 2mm in men and ≥1.5mm in women in standard 12-lead electrocardiogram(ECG).12,13 

The exclusion criteria were: (a) any prior intracranial haemorrhage (b) known structural cerebral 

vascular lesion (e.g., arterio-venous malformation) (c) known malignant intracranial neoplasm (primary or 

metastatic) (d) ischemic stroke within 3 months except acute ischemic stroke within 3 hours (e) suspected aortic 

dissection (f) active bleeding or bleeding diathesis [excluding menses] (g) significant closed head or facial 

trauma within 3 months (h) history of chronic severe poorly controlled hypertension (i) severe uncontrolled 

hypertension on presentation (SBP >180mmHg or DBP >110mmHg) (j) history of prior ischemic stroke >3 

months, dementia, or known intracranial pathology not covered in contraindications (k) traumatic or prolonged 

(>10 min) CPR or major surgery (<3 weeks) (l) recent (within 2-4 weeks) internal bleeding (m) non-

compressible vascular punctures sites (n) prior streptokinase, exposure (>5 days ago) or prior allergic reaction 

to these agents (o) pregnancy (p) active peptic ulcer (q) current use of anticoagulants: with high INR. 

 

Study protocol: 

Basic characteristics like age, gender, blood pressure, heart rate, presence of diabetes or hypertension, 

smoking status and chest pain duration were determined at the time of admission for all the patients. According 

to their smoking status, the patients were divided into two groups, group I- “smokers” and group II- “non- 

smokers”. The ratio was 2:1 between the smokers and non- smokers respectively. Blood samples for 

biochemistry analysis including lipid panel and ECG were also recorded. 

 

Treatment approach: 

Intravenous infusion of 1.5 million IU streptokinase over 1 hour was administered to all the STEMI 

patients if there was no contraindications. Loading dose with aspirin 300 mg and clopidogrel 300 mg were 

given orally to all patients; other medications were prescribed accordingly like beta-blockers, angiotensin-

converting enzyme inhibitors, low-molecular-weight heparin, nitrates and statin. 

 

Angiographic study: 

Within 72 hours of thrombolytic therapy, patients underwent coronary angiographic procedure using 

standard Judkins technique. Siemens angiography machine was used to perform angiographic procedure. 

Coronary angiograms were interpreted by two experienced interventional cardiologists who worked 

independently and were unaware of clinical ailment and laboratory data of patients. 

 

Study endpoints: 

After completion of thrombolytic therapy, angiographic TIMI flow grade were determined in the 

culprit vessel. Previously established grading system was used for the determination of TIMI flow rates. 

TIMI 0: No perfusion distal to stenosis 

TIMI 1: penetration distal of stenosis but no perfusion 

TIMI 2: partial perfusion 

TIMI 3: complete perfusion. 
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Statistical analysis: 

The SPSS 15.0 software package (SPSS Inc., Chicago, IL, USA) was used for statistical analysis of the data. 

Categorical variables were expressed as numbers (n) and percentages (%), whereas continuous 

variables were reported as mean and standard deviation or as median and interquartile range wherever 

appropriate. Chi-square test was used to compare categorical variables between the treatment groups. The 

Student’s t-test or Mann-Whitney U test was used for comparisons between groups. The analysis of variance 

(ANOVA) or Kruskal-Wallis test was used for comparisons wherever applicable. The statistical level of 

significance for all tests was considered to be<0.05, confidence interval was 95%. 

 

III. Results 
Baseline demographics: 

A total of 100 patients were included in this study during the mentioned study period. There were 67 

patients in group I (smokers) and 33 patients in group II (non-smokers). Of the total population 87 (87.0 %) 

were male and 67 of them were smokers. Thirty three patients were diabetic and 16 of them were smokers. 

There were 22 patients aged <40 years and 19 of them were smokers. Smokers presented with the symptoms of 

STEMI at younger age than non-smokers and had significantly lower co-morbid condition (p=<0.05). Other 

demographic details of patients including family history, window period of thrombolysis, left ventricle ejection 

fraction, coronary angiographic timing, and post streptokinase ECG and TIMI flow details are presented in 

Table 1. Detailed information on lesions among different segments of vessels is presented in Table 2, and 

severity of lesion in vessels is depicted in Table 3. 

 

Table 1: Baseline demographics and clinical characteristics of patients. Characteristics (N=100) 
 Smoker 

(N = 67) 

Non-smoker 

(N = 33) 

P value 

Demography N (%) N (%)  

Men 66 (98.5%) 21 (63.6%) <0.001 

Age (mean ± SD, years) 48.80 ± 10.23 54.57 ± 9.51 <0.001 

Diabetes 16(23.9%) 17(51.5%) 0.006 

Hypertension 18 (26.9%) 15 (45.5%) 0.012 

Family history 6 (8.9%) 10 (30.3%) <0.05 

TC ( mg/dL) 180(157-192) 184 (166-215) <0.01 

HDL (mg/dL) 38 (36-40) 38 (36-42) 0.682 

TG (mg/dL) 166 (126-185) 175 (126-193) 0.028 

LDL (mg/dL) 112 (95-118) 113 (97-129) 0.572 

Young age    

0-40 years 19(28.4%) 3(9.1%) 0.028 

>40 years 48 (71.6%) 30 (90.9%) 

Timing of thrombolysis    

0-6 h 46 (68.7%) 19 (57.6%) 

0.622 
7-12 h 16 (23.9%) 12 (36.4%) 

13-18 h 2 (3.0%) 1 (3.0%) 

19-24 h 3 (4.5%) 1 (3.0%) 

Ejection fraction (EF)    

≤ 30 % 2 (3.0%) 1 (3.0%) 

0.879 
31-45% 37 (55.2%) 16 (48.5%) 

46-60% 25 (37.3%) 15 (45.5%) 

>60 % 3 (4.5%) 1 (3.0%) 

Coronary angiography timing    

< 24 h 5 (7.5%) 3 (9.1%) 

0.733 
≥24 h 19 (28.4%) 9 (27.3%) 

≥48 h 29 (43.3%) 12 (36.4%) 

≥72 h 14 (20.9%) 9 (27.3%) 

Post SK ECG    

Not settled 11 (16.4%) 3 (9.1%) 
0.321 

Settled 56 (83.6%) 30 (90.9%) 

Thrombolysis in myocardial 

infarction (TIMI) 
  

 

TIMI 0 3 (4.5%) 2 (6.1%) 

0.029 TIMI 1 & 2 21 (31.3%) 19 (57.6%) 

TIMI 3 43 (64.2%) 12 (36.4%) 

p value obtained by Unpaired t-test, Mann Whitney test and Chi-square test, p<0.05 considered as a level of 

significant 
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Table 2: Distribution of lesions among different segments of vessels. 
 Smoker 

(N = 67) 
Non-smoker 

(N = 33) 
P value 

Segments of LM, n (%)    

None 66(98.5%) 31 (93.9%) 0.207 

Proximal 0 (0.0%) 0 (0.0%)  

Distal 1 (1.5%) 2 (6.0%)  

Diffuse 0 (0.0%) 0 (0.0%)  

Ostial 0 (0.0%) 0 (0.0%)  

Segments of LAD, n (%)    

None 21 (31.3%) 7 (20.2%) 0.289 

Ostio Proximal 7 (10.4%) 5 (16.3%)  

Proximal 21 (31.3%) 11 (32.6%)  

Mid 17 (25.4%) 9 (28.7%)  

Distal 1 (1.5%) 1 (2.3%)  

Segments of LCX, n (%)    

None 52 (77.6%) 22 (67.7%) 0.240 

Ostio Proximal 3 (4.5%) 4 (12.1%)  

Proximal 6 (9.0%) 4 (12.1%)  

Mid 4 (6.0%) 2 (6.1%)  

Distal 2 (3.0%) 1 (3.0%)  

Segments of RCA, n (%)    

None 40 (59.7%) 17 (51.5%) 0.436 

Ostio Proximal 5 (7.5%) 3 (9.1%)  

Proximal 10 (14.9%) 4 (12.1%)  

Mid 10 (14.9%) 7 (21.2%)  

Distal 2 (3.0%) 2 (6.1%)  

Other Vessels 1, n (%)    

None 57 (85.1%) 29 (87.9%) 0.703 

Ramus 4 (6.0%) 2 (6.1%)  

OM 0 (0.0%) 0 (0.0%)  

Diagonals 6 (9.0%) 2 (6.1%)  

Other Vessels 2, n (%)    

None 61 (91.0%) 29 (87.9%) 0.0.619 

Ramus 0 (0.0%) 0 (0.0%)  

OM 5 (7.5%) 3 (9.1%)  

Diagonals 1 (1.5%) 1 (3.0%)  

p value obtained Chi-square test, p<0.05 considered as a level of significant 

 

Table 3: Severity of lesions in different vessels. Characteristics 
 Smoker 

(N = 67) 

Non-smoker 

(N = 33) 

P value 

Severity of LM, n (%)    

Normal 66 (98.5%) 31 (93.9%) 0.207 

<50% 1 (1.5%) 2 (6.1%)  

50-70% 0 (0.0%) 0 (0.0%)  

>70% 0 (0.0%) 0 (0.0%)  

Severity of LAD, n (%)    

Normal 21 (31.3%) 7 (21.2%) 0.660 

<50% 14 (20.9%) 6 (18.2%)  

50-70% 5 (7.5%) 3 (9.1%)  

>70% 27 (40.3%) 17 (51.5%)  

Severity of LCX, n (%)    

Normal 51 (76.1%) 22 (67.7%) 0.761 

<50% 5 (7.5%) 4 (12.1%)  

50-70% 4 (6.0%) 3 (9.1%)  

>70% 7 (10.4%) 4 (12.1%)  

Severity of RCA, n (%)    

Normal 40 (59.7%) 18 (54.5%) 0.845 

<50% 8 (11.9%) 3 (9.1%)  

50-70% 4 (6.0%) 2 (6.1%)  

>70% 15 (22.4%) 10 (30.3%)  

LM: left main; LAD: left anterior descending; LCX: left circumflex; RCA: right coronary artery 

p value obtained by Chi-square test, p<0.05 considered as a level of significant 

 

Study outcomes: 

TIMI flow was assessed by coronary angiogram after completion of the thrombolytic therapy. Of the 

total population, a total of 55 (55%) patients were able to achieve TIMI 3 flow. Forty three (64.2%) patients 
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from group I (smokers) and 12 (36.4%) patients of the group II (non-smokers) achieved TIMI 3 flow. After 

angiogram a few patients developed complications like contrast induced nephropathy, local site haematoma, 

post angiography pulmonary oedema but all the complications were resolved later. Those patients who could 

not achieve TIMI 3 flow with thrombolytic therapy alone were managed medically and if condition got worse, 

aggressive medical management or PCI was considered, as indicated by concerned physician. 

 

IV. Discussion: 
Mortality is reduced up-to 25% by thrombolysis, as denoted by a review from fibrinolytic therapy 

trialist’s group.14 One of the landmark study for thrombolytic therapy; GUSTO-1 reported that, TIMI 3 flow 

after SK therapy was achieved only in 30% of patients, while in our study TIMI 3 was achieved in more than 

half (55%) of the patients.15 TIMI 3 flow was significantly higher in smoker group than non- smoker group 

(p<0.05). This could be because of the younger age of patients in smokers group (48.80 ± 10.23 vs. 54.57 ± 

9.51, p<0.001) than the non-smokers. Along with age as an advantage, smokers were also less affected by other 

co-morbidities like diabetes and hypertension. Studies showing “the smoker’s paradox” also showed similar 

data, where smokers were significantly younger than the non-smokers.16-21 There was also significant difference 

in family history between smokers and non-smokers group (8.9% vs. 30.3%, p<0.05). However one interesting 

finding in the study is that family history of premature IHD is present in only 8.9% of smokers versus 30.3% of 

non- smokers. This only emphasizes that younger patients, who despite having less co-morbidities or risk 

factors but continue smoke still suffer an acute MI. 

Smoking accelerates atherosclerosis through various mechanisms and also has acute unfavorable 

effects on blood pressure and sympathetic tone. Along with atherosclerotic progression, long-term smoking may 

also accelerate oxidation of low-density lipoprotein and weaken endothelium-dependent coronary artery 

vasodilation. Smoking also trigger spontaneous platelet aggregation, increase monocyte adhesion to endothelial 

cells, and adverse alteration in endothelial derived fibrinolytic and antithrombotic factors. Thus, the smokers are 

more susceptible to undergo such procedure earlier than the non-smokers and also smokers have less co-

morbidity at such young age than non-smokers. In a meta-analysis of 17 studies, only 6 demonstrated “the 

smoker’s paradox” and concluded that; more focus should be on smoking cessation rather than relying on the 

“positive effects” of so called “the smoker’s paradox”.22 

Smoking cessation is one of the most important interventions regarding cardiac morbidity and 

mortality. In a review, it was found that smoking cessation reduced coronary heart disease mortality by 36% 

when compared with mortality in patients who continued smoking.23 The most important factors of any 

smoking cessation strategy include community education and physician-based primary prevention approach, 

also novel smoking cessation programme included direct financial assistance have already been evaluated and 

found effective.24 

This study was limited to the measurement of the angiographic patency after thrombolytic therapy with 

SK. Follow-up of patients was not done. Patients who died during treatment or hospitalization were not 

included in this study. The ‘‘smoker’s paradox’’ term should no longer be used because it may be 

misunderstood by patients and negatively influence smoking cessation both as primary and secondary 

prevention. This is very important since smoking is one of the strongest risk factors of coronary artery disease, 

myocardial infarction, and cardiovascular death. Both American College of Cardiology/American Heart 

Association and European Society of Cardiology STEMI Guidelines strongly encourage patients and their 

families to stop smoking and to avoid second hand smoke.25, 26 

 

Limitations of the study: 

Present study has several limitations. The main limitation of the study is its non-randomized nature and 

the potential of selection bias. Precise data on smoking history was not available; so, we have decided to 

analyze current smokers vs. non-smokers without former smokers as additional subgroup. However, it is 

unlikely that these limitations could influence the study outcome because both groups were exposed to these 

limitations. 

 

V. Conclusion: 
Centers where provision for PCI is not available, thrombolytic therapy with SK is a useful substitute 

specifically in smokers and young patients. Better outcome in smokers group may be because of younger age 

and lesser co-morbidities. Smokers should be motivated and guided properly to quit smoking. 
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