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 ABSTRACT 
 

BACKGROUND 

The disruption of the atherosclerotic plaque causes acute coronary thrombosis. Several modes of plaque disruption provoke this, 

foremost being fracture of the fibrous cap and superficial erosion of the intima, especially in those with hypertriglyceridaemia and 

diabetes. The present study was undertaken to determine the prevalence of various risk factors in a group of patients undergoing 

Primary Percutaneous Coronary Intervention (PPCI) and the impact of these risk factors on the histopathological composition of 

thrombus. 

 

MATERIALS AND METHODS 

107 consecutive patients with a diagnosis of ST elevation myocardial infarction (STEMI) presenting within 12 hours of index 

anginal symptoms undergoing primary percutaneous coronary intervention were included in the present study. Thrombus aspirated 

during PPCI was histopathologically analysed and classified as recent or lysed by well-accepted criteria and correlated with 

atherosclerotic risk factors. 

 

RESULTS 

Majority of the thrombus were lysed or organised. There was statistically significant association between hypertension and lysed 

or organised thrombus and there was a trend towards increased occurrence of recent thrombus in smokers. 
 

CONCLUSION 

Thrombus aspirated during PPCI in patients of STEMI were more often lysed or organised than recent. Among the various risk 

factors, systemic hypertension was associated with higher number of lysed or organised thrombus whereas smoking status was 

associated with a trend towards more number of recent thrombus. 
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INTRODUCTION 

There has been considerable advances in the understanding of 

mechanisms underlying coronary thrombosis. The disruption 

of the atherosclerotic plaque causes acute coronary 

thrombosis. Several modes of plaque disruption provoke this, 

foremost being fracture of the fibrous cap. Another mode is 

superficial erosion of the intima, especially in those with 

hypertriglyceridaemia and diabetes.1 

A number of variables such as systolic BP, Heart Rate, 

hyperglycaemia and oxidised LDL cholesterol levels increase at 

times of stress which in turn can lead to plaque disruption and 

coronary thrombosis.2 
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Many of these have been considered as classical 

atherosclerotic risk factors. Each of these risk factors might 

have a different role in the aetiopathogenesis of coronary 

thrombosis. 

As an example, in hypertensive patients, hyperactivity of 

sympathetic tone may promote atherosclerosis by worsening 

insulin resistance, through sympathetic vasoconstriction on 

glucose extraction in skeletal muscle, beta adrenoreceptor-

mediated insulin resistance, and vascular rarefaction because 

of the closure of the smaller vessels due to vascular 

hypertrophy. Sympathetic hyperactivity itself also contributes 

to a higher risk of coronary spasm, and coronary thrombosis.3 

However, the association of atherosclerotic risk factors with 

the thrombus composition in treated patients of ST elevation 

myocardial infarction (STEMI) has not been previously 

analysed. 

Aim of the present study is to determine the prevalence of 

various risk factors in a group of patients undergoing Primary 

Percutaneous Coronary Intervention (PPCI) and the impact of 

these risk factors on the histopathological composition of 

thrombus. 
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METHODS 

107 consecutive patients with a diagnosis of STEMI presenting 

within 12 hours of index anginal symptoms undergoing 

primary percutaneous coronary intervention were included in 

the present study.  

All patients were treated with aspirin 300 mg and either 

Clopidogrel or one among the newer antiplatelet agents 

(Ticagrelor or Prasugrel) on admission.  

Heparin and Glycoprotein IIb/IIIa receptor inhibitors were 

also used according to the institutional protocol. Angiogram 

using a 6F guiding catheter was performed to identify the 

culprit lesion, then a 0.014 inch coronary guidewire was 

passed across the lesion. Before any other intervention, 

thrombus was aspirated with a thrombus aspiration catheter. 

The types and the number of stents and pre and post-balloon 

dilatations during angioplasty were according to the discretion 

of the operator. In multivessel disease, the vessel occluded with 

thrombus was considered as the culprit vessel for STEMI. 

The aspirated material was immediately fixed in 10% 

formalin and sent for histopathological analysis. After fixation 

for 24 hours, the material was embedded in paraffin and 

processed. Serial sections of 5 microns were cut and stained 

with haematoxylin and eosin. The examining pathologist was 

blinded to the angiographic finding, the result of PCI and the 

clinical followup. The sections were analysed for the presence 

of aspirated thrombus. The thrombi were then categorised as 

recent or old according to the previously published and 

histopathologically accepted definitions.4 Fresh thrombus (<1 

day) is composed of layered patterns of fibrin and intact 

platelets, erythrocytes and granulocytes. Older thrombus (>1 

day) show karyorrhexis, necrosis and proliferation of smooth 

muscle cells. Thrombus material with a heterogenous 

composition was graded according to the age of the oldest part. 

Insufficient material precluded the classification of thrombi in 

some of the cases. Baseline demographic characteristics and 

risk factors were obtained. 

The study was reviewed and approved by the independent 

ethics committee at MOSC Medical College Hospital, 

Kolenchery. 

The statistics for measurement data (age, time, etc.) was 

summarised as central tendency and spread, commonly as 

mean and standard deviation. The events and proportions 

were summarised as frequencies. Significance tests for 

independent parameters were performed with z-test for 

means and medians, direct probabilities were taken for 

frequencies. The data analysis was performed with Minitab 

software and MS - Excel. 

 

RESULTS 

A total of 107 consecutive patients of STEMI from MOSC 

Medical College Hospital Kolenchery, a tertiary teaching 

institute from South India, were included. Mean age of the 

patients in the study was 54.93±13.19 years. There were 94 

(87.9%) males. In the cohort, 34 (31.9%) subjects were 

diabetic, 23 (21.5%) had hypertension and 17 (15.9%) had 

dyslipidaemia. Family history of CAD was positive in 11 

(10.3%) patients and 49 (45.8%) patients were currently 

smoking (Table 1). Demographic pattern of the cohort in the 

study was typically a "real world" population presenting in the 

hospital with STEMI. 

 

 

N 107 
Age –Mean (St.Dev) 54.93 (13.19) 

Males n (%) 94 (87.85) 
Risk factors  

Diabetes Mellitus n (%) 34 (31.78) 
Hypertension n (%) 23 (21.50) 

Current smoking n (%) 49 (45.80) 
DLP n (%) 17 (15.90) 

Family History n (%) 11 (10.28) 
Table 1: Demographics 

 

In 57 cases (51.8%), the culprit vessel was right coronary 

artery (RCA). Left anterior descending (LAD) artery and 

circumflex were occluded in 36 (32.7%) and 13 (11.8%) cases 

respectively (Table 2). Most cases (60.8%) presented with 

inferior wall myocardial infarction (MI). 37.4% had anterior 

wall MI and very few had posterior wall infarction (3.7%). One 

subject (0.9%) presented with Complete Heart Block (Table 3). 

 
N 107 

Mean Age 54.93 ± 13.19 
Males 94 (87.85%) 

Risk factors  
Diabetes Mellitus 34 (31.78%) 

Hypertension 23 (21.50%) 
Current smoking 49 (45.80%) 

Dyslipidaemia 17 (15.90%) 
Family History 11 (10.28%) 

Table 2 
 

Right Coronary Artery 57 (51.82%) 
Left Main 1 (0.91%) 

Circumflex 13 (11.82%) 
Left Anterior Descending 36 (32.73%) 

Obtuse Marginal 1 (0.91%) 
First Diagonal 1 (0.91%) 

Second Diagonal 0 (0%) 
Other/Ramus 1 (0.91%) 

Table 3: Distribution of Lesions by Vessels 

 
Among the 107 samples processed, 5 consisted of only 

plaque. Of the rest 102 thrombi evaluated, 34 (31.8%) were 

recent and 68 (63.6%) were old (Table 4, Figure 1). 

 
Thrombus Type  

Non-evaluable 5 (4.67%) 
Recent thrombus 34 (32.08%) 

Organised or Lysed 68 (64.15%) 

Table 4: Histopathological Outcome of Thrombi 
 

 
 

Fig. 1: Histopathological Classification of Thrombus 
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Table 5 (Figure 3) shows the results of ODD’s analysis for 

the effect of risk factors on thrombus ageing. Hypertension had 

an OR of 2.7 (95% confidence interval, 0.56-5.89; p=0.009). 

The OR for smoking was 0.66 (95% confidence interval 0.67-

3.49; p = 0.32). 

 

 
Odds 

Ratio 

95% CI 

Upper 

95% CI 

Lower 

Static 

Z 
 

Diabetes 1.42 3.53 0.57 0.75 p=0.45 

Hyperte

nsion 
2.70 5.89 0.56 1.66 p=0.009 

Smoking 0.66 3.49 0.67 0.98 p=0.32 

Dyslipid

aemia 
1.61 6.27 0.55 0.77 p=0.44 

Family 

History 
1.38 8.23 0.50 0.45 p=0.65 

Table 5: ODD's Analysis for effect of Risk  

Factors on Thrombus Ageing 

 

 

 
 

Fig. 3: ODD’s Analysis of Risk Factors 

 

DISCUSSION 

In our study, majority of the patients (64%) had old thrombus 

irrespective of the duration of the ischaemic symptoms. This is 

consistent with the findings from similar previous studies and 

confirms the concept that thrombus formation and its 

subsequent lysis or organisation may occur significantly 

before the onset of symptoms in acute coronary syndrome 

especially STEMI.5,6 The composition of most of the thrombi 

were heterogenous, showing in part features of fresh, lytic and 

organised thrombus, thus conceptually supporting the fact 

that coronary artery disease is a dynamic process. 

Even though risk stratification in ACS is possible by 

angiographic grading of thrombus, the most powerful yet 

simplest method of stratification is based on clinical risk 

factors. In the present study since most of the patients are 

young adults and males, the comorbidity profile plays an 

important role. ODD's analysis is a comparison tool for 

stratified analysis of the effect of risk factors on the outcomes. 

In this case, we considered old thrombus as a positive event 

and recent thrombus as a negative event. 

Our analysis revealed that hypertension leads to rapid lysis 

and organisation of the thrombus. Previously, Burke et al had 

reported a decreased frequency of acute thrombosis in 

hypertension-related sudden death due to coronary events 

whereas smoking was associated with increased frequency of 

acute thrombosis.7 

In the present study, there was a trend towards higher 

percentage of fresh thrombus in smokers. Fusegawa et al had 

shown that platelets isolated from smokers exhibited an 

increased stimulated and spontaneous aggregation.8 

Platelet α-granule constituents, such as platelet factor-4, β-

thromboglobulin, and platelet activating factor, are increased 

in the plasma of smokers, suggesting increased platelet 

activation.9,10,11 Barua et al using thromboelastography, 

demonstrated that acute cigarette smoking was associated 

with functional changes in platelets and these changes affected 

the dynamics of clot formation.12 These clots were more 

resistant to thrombolysis as compared with clots of 

nonsmokers. Smokers also have higher P2Y12 expression in 

platelet lysates than nonsmokers.13,14  

All these point towards an aggressive platelet activation, 

adhesion and aggregation in smokers. The thrombus formed in 

such cigarette smoke exposed circulation will be resistant to 

the thrombolytic mechanism in the body. This might explain 

the higher percentage of fresh thrombus in smokers in our 

study.  

Histopathological composition of thrombus behaves 

differently in the presence of individual risk factors in isolation 

than when the risk factors are present in combination (Table 

6, Figure 6). This might be because of the complex interplay of 

the various aetiopathogenic mechanisms related to the risk 

factors. 

 

 
Odd’s 
Ratio 

95% CI 
upper 

95% CI 
lower 

Static 
Z 

 

DM 
Exclusive 

0.43 1.49 0.12 1.34 P = 0.18 

HTN 
Exclusive 

0.11 1.55 0.01 1.64 P = 0.10 

Smoking 
Exclusive 

0.80 0.32 1.99 0.48 P = 0.63 

DLP 
Exclusive 

0.75 6.39 0.09 0.26 P = 0.79 

Fam. Hist. 
Exclusive 

0.19 2.91 0.01 1.20 P = 0.23 

All 
Positive 

1.42 78.13 0.03 0.17 P = 0.86 

Table 6: Analysis of Individual Risk Factors 
 in Isolation (Exclusive) 

 
 

 
 

Fig. 6 
 

To the best of our knowledge, this is the first study in 

Indian context to analyse the correlation between 

atherosclerotic risk factors and the histopathological 

composition of thrombus. 
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CONCLUSION 

Majority of the thrombi in STEMI patients undergoing PPCI 

were lysed/organised. Among the classical atherosclerotic risk 

factors, systemic hypertension leads to rapid 

lysis/organisation of the thrombus resulting in old thrombus 

whereas current smoking tends to delay thrombus lysis and 

organisation.  

These findings require validation in a larger number of 

population with multiple risk factors. 

 

LIMITATIONS 

Novel and evolving risk factors that have been implicated in 

coronary atherosclerosis, including clotting factors such as 

plasminogen activator inhibitor, fibrinogen, von Willebrand 

factor antigen, platelet glycoprotein IIb/IIIa, gene 

polymorphism and lipid variants such as apolipoprotein E 

polymorphism and lipoprotein (a) might affect the coronary 

plaque morphology and have not been addressed in this study.  
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