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INTRODUCTION 

Coronary artery disease the leading causes of death 

worldwide and atherosclerosis is by far the most frequent 

underlying cause of coronary artery disease.1,2 

Atherosclerosis is characterized by accumulation of lipid-

laden foam cells in the intimal layer of the artery and the 

development of a fibrofatty plaque which gradually 

enlarges over time and encroaches on the lumen of the 

artery. Acute coronary syndromes e.g. acute myocardial 

infarction (AMI) occur due to acute thrombotic occlusion 

of an epicardial vessel which occurs because of sudden 

disruption of an atherosclerotic plaque exposed to high 

shear stress at the site of stenosis or arterial branching.3,4  

Conventional risk factors-older age, male sex, diabetes, 

hypertension, dyslipidemia, and smoking as established 

by the Framingham heart study do not explain the entire 

risk of coronary artery disease. This has led to the search 

for other risk factors particularly hemostatic and 
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ABSTRACT 

 

Background: The Aim of this study was to assess the role of platelet aggregation, mean platelet volume (MPV) and 

plasma fibrinogen levels in the pathogenesis of acute myocardial infarction (AMI).  

Methods: A prospective case control study was conducted on 30 cases of AMI and 30 normal healthy age and sex 

matched controls. The cases and controls were investigated for platelet aggregation studies (done in platelet rich 

plasma (PRP) using light transmission chrono-log optical aggregometer), MPV (measured by automated cell counter) 

and plasma fibrinogen levels (estimated by Clauss method). 

Results: The mean platelet aggregation (%) in cases AMI was 57.61±11.91 which was significantly higher compared 

with 35.00±10.40 for healthy controls (p<0.001). Using Receiver Operating Characteristic (ROC) analysis, most 

patients of AMI had a platelet aggregability of ≥49% on optical aggregometry (sensitivity = 83.3 % and specificity = 

93.7%). The MPV (fL) in cases of AMI was 8.04±0.39 which was significantly larger when compared with 7.67±0.43 

for controls (p= 0.001). The mean plasma fibrinogen concentration in cases of AMI was 383.1±48.3mg/dl which was 

significantly higher when compared with 271.33±57.7mg/dl for healthy controls (p<0.001).  

Conclusions: Platelet hyperaggregability, elevated MPV and plasma fibrinogen levels are found in patients with AMI 

and contribute significantly to risk of developing coronary thrombosis. These variables should be considered as 

additional screening tools to identify individuals at increased risk of developing AMI.  
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rheological factors which may be involved in the 

pathogenesis of atherosclerotic vascular diseases.5-7 

Platelets participate not only in thrombus formation 

during atheromatous injury, but also in the initiation and 

progression of atherosclerotic plaques.8 Recent studies 

suggest that platelet activation, and platelet hyper-

reactivity are associated with acute coronary syndromes.9 

During the process of activation, platelets undergo 

changes in shape and increase in size and become 

enzymatically and metabolically more active.10-12 

Therefore, platelet size measured as mean platelet volume 

can be used as a marker of platelet activity and function.13  

Plasma fibrinogen promotes thrombosis by interacting 

with GPIIb/IIIa receptors on platelets and thereby causes 

platelet aggregation.14 Plasma concentration of fibrinogen 

also strongly correlates with plasma viscosity and 

increase in plasma viscosity is associated with decreased 

blood flow rate and increased thrombotic affinity. In 

recent studies AMI was found to be associated with 

increase in plasma fibrinogen concentration.15 

In this study, we assessed the role of platelet aggregation, 

mean platelet volume and plasma fibrinogen levels in the 

pathogenesis of AMI.  

METHODS 

This study was a tertiary hospital based prospective study 

undertaken at the Haematology Laboratory, Department 

of Pathology, and Department of Cardiology, King 

George’s Medical University (KGMU), Lucknow from 

August 2009 to August 2010. This study was undertaken 

on 30 cases of AMI and 30 controls. The cases included 

in this study included 30 Patients who were admitted to 

Department of Cardiology, KGMU, Lucknow, and were 

diagnosed as cases of AMI based on their clinical history, 

examination, electrocardiography (ECG) findings. 

Patients receiving drugs interfering with platelet 

functions were excluded. 

The controls included in this study were normal healthy 

individuals who registered for voluntary blood donation 

at Department of Pathology, KGMU, Lucknow. Only 

those blood donors who were not on any such 

medications which might have interfered with 

coagulation reaction or platelet function and who had no 

history of smoking, diabetes or hypertension were 

included as controls. The controls were age and sex 

matched with respect to the cases. Informed consent was 

obtained from both cases and controls. Peripheral venous 

blood samples were obtained from controls at the time of 

blood donation and from patients at the time of admission 

before any treatment could be initiated. MPV was 

assessed by an automated cell counter.  

For platelet aggregation studies, 10ml venous blood was 

added to 3.8% trisodium citrate in 9:1 ratio contained in 

plastic tube. Platelet rich plasma (PRP) was obtained by 

centrifugation at room temperature (20-250C) for 5min at 

1000rpm. PRP was removed carefully. Platelet Poor 

Plasma (PPP) was obtained by centrifuging the remaining 

blood (after separation of PRP) for 10min at 2000rpm. 

Standardization of PRP was done by measuring the 

optical density of PRP at 630nm and adjusting it between 

0.75 to 0.80 which corresponds to a cell count of 2x108 

cells/ml. For very high PRP count, the count was adjusted 

by diluting the PRP in the patient’s PPP. Platelet count of 

less than 2x108cells/ml gives rise to diminished 

aggregation responses. The control PRP was also diluted 

to the same count and tested as a comparison. 5µM/ml 

working solution of adenosine 5-diphosphate (ADP) 

previously stocked at -800C was used as agonist. The 

chrono-log optical aggregometer (chrono-log corporation, 

Havertown, PA, USA) was switched on about 30min 

before the tests to be performed to allow the heating 

block to warm up to 370C. 500µl of PRP was pipetted 

into a cuvette which was placed in to the heating block 

for incubation. PRP was warmed up to 370C for 2min and 

then 5µL ADP was added. Change in absorbance was 

noted until the response reached a plateau or for 5min.  

Plasma fibrinogen levels were estimated by the Clauss 

method. Plasma was obtained by centrifugation of 

citrated blood sample of patients and controls. A 1:10 

dilution of plasma specimen with Owren’s buffer solution 

was prepared. 0.2ml of 1:10 dilution of plasma sample 

was added to a test tube which was incubated at 370C for 

1minute. Then 0.1ml of thrombin reagent (pre-warmed at 

370C for 1min) was added and the stopwatch was started. 

The stopwatch was stopped at the first appearance of the 

fibrin web and the time in seconds was recorded in 

seconds. The test was repeated in duplication. The 

fibrinogen level was directly read off from the graph if 

the clotting time was between 5 to 50 seconds.  

Statistical analyses of data obtained was done using 

Statistical Package for Social Sciences, version 23 

(SPSS-23, IBM, Chicago, USA). Normality of the 

continuous data was tested. Continuous variables were 

presented in mean ± standard deviation while categorical 

variables were presented in frequency and percentage. To 

compare the means between cases and controls, 

independent samples t test was used. To find out the cut-

off values of platelet aggregation to diagnose cases with 

corresponding diagnostic accuracy (including area under 

curve (AUC), sensitivity and specificity), receiver 

operating characteristic (ROC) curve was used. P value 

<0.05 was considered as statistically significant. 

RESULTS 

In this study, AMI was found to be commoner in males 

(73.3% cases; n=22) as compared to females (26.67% 

cases; n=8). The maximal incidence of AMI was in the 

55 to 74-year age group (16 out of 30 cases; 53.33%). 

The mean platelet aggregation (%) in male (n=22) and 

female (n=8) cases of AMI was 53.49±10.73 and 
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68.93±6.49 respectively which was significantly 

increased when compared with 31.88±10.45 for male 

controls (n = 22; t=6.765, p<0.001) and 43.58±2.40 for 

female controls (n = 8; t=10.356, p<0.001) respectively 

(Figure 1, Figure 2). 

 

Figure 1: Mean platelet aggregation (%) in cases               

and controls. 

Platelet hyperaggregation is seen in a patient of acute 

myocardial infarction (blue tracing showing approximately 56% 

platelet aggregation) as compared to control sample (black 

tracing showing approximately 37% platelet aggregation) 

Figure 2: ADP induced platelet aggregation response 

by chrono-log optical aggregometer. 

The mean platelet aggregation (%) in all cases of AMI 

(n=30) was 57.61±11.91 which was significantly higher 

as compared with 35.00±10.40 for healthy controls (n = 

30; t=7.830, p<0.001) (Figure 1). The diagnostic 

accuracy of platelet aggregation calculated as the area 

under the curve by the receiver operating characteristic 

analysis was 0.926. At 41.5% aggregation cut off, the 

sensitivity and specificity of platelet aggregation for 

predicting AMI were 90% and 70% respectively. 

Similarly, the sensitivity and specificity of platelet 

aggregation for predicting AMI were 83.3% and 96.7% 

(at cut off values of 49%) and 80% and 100% (at cut off 

values of 50.5%) respectively (Figure 3, Figure 4). 

 

Figure 3: Mean±SD of platelet aggregability of cases 

and controls. 

 

Figure 4: ROC curve showing area under curve 

(AUC) of platelet aggregability to diagnose AMI. 

The MPV (fL) in all cases of AMI (n=30) was 8.04±0.39 

which was significantly larger when compared with 

7.67±0.43 for all controls (n = 22; t= 3.483, p= 0.001) 

(Figure 5). 

The mean plasma fibrinogen concentration in cases of 

AMI (n=30) was 383.1±48.3 which was significantly 

higher when compared with 271.33±57.7mg/dl for all 
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healthy controls in this study (n = 30; t=16.814, p<0.001). 

The mean plasma fibrinogen concentration in male 

(n=22) and female (n=8) cases of AMI was 

375.27±45.7mg/dl and 405.37±51.6mg/dl respectively 

which was significantly higher when compared with 

262.27±55.2mg/dl for healthy male controls (n = 22; 

t=7.372, p<0.001) and 296.25±60.7mg/dl for healthy 

female controls (n = 8; t= 3.873, p =0.002) respectively 

(Figure 6). 

 

Figure 5: Mean platelet volume (fL) in cases             

and controls. 

 

Figure 6: Mean plasma fibrinogen levels in cases          

and controls. 

DISCUSSION 

Rupture of atherosclerotic plaque exposes circulating 

platelets to Von Willebrand Factor (VWF) and sub 

endothelial collagen. VWF and collagen bind to platelet 

receptor GP Ib-V-IX and GP VI respectively.16,17 This 

causes activation of GP IIb/IIIa receptor on the platelet 

surface and release of Thromboxane A2 (TxA2) and ADP 

from platelets. ADP causes recruitment and activation of 

resting platelets from the circulation to the site of plaque. 

TxA2 causes local vasoconstriction and favours 

thrombosis by slowing blood flow.17 Circulating 

fibrinogen binds activated GP IIb/IIIa receptors of 

activated platelets which leads to formation of platelet 

microaggregates which may embolize distally or progress 

to acute thrombotic occlusion of the epicardial vessel.18  

In our study, we observed that platelets of patients with 

AMI were hyperaggregable when compared to platelets 

of controls on platelet aggregation testing with ADP as 

agonist on optical aggregometry. The mean platelet 

aggregation (%) in cases of AMI (n=30) was 57.61±11.91 

(range=29-76) which was significantly increased 

compared with 35.00±10.40 (range=12-50) for healthy 

controls (n = 30) (p <0.001). Using Receiver Operating 

Characteristic (ROC) analysis, we observed that most 

patients of AMI had a platelet aggregability of ≥49% on 

optical aggregometry (sensitivity = 83.3% and specificity 

= 93.7 %).  

Fuchs et al, in their study, found reversible platelet 

microaggregates under light microscopy on Giemsa 

stained blood smears from venous blood specimens of 

patients of stable angina (15±4%), unstable angina (24± 

13%) and AMI (24±10%) which were significantly 

higher than that in normal healthy controls (6±2%).19 It 

has been observed under shear stress based 

aggregometry, that platelets are hyperaggregable in 

conditions of increased shear stress even without 

stimulation by an agonist.20 Eto et al, observed that 

patients with unstable angina showed tendency towards 

increased platelet aggregability under low shear even 

before the onset of myocardial infarction without the 

need of an agonist. They suggested that the GP IIb/IIIa 

receptor on platelets is already activated before the 

occurrence of coronary thrombosis in patients who are 

diagnosed as unstable angina.21 Guha S et al, observed a 

high degree of platelet aggregation in the early hours 

after AMI which even though reduced after 48hours of 

standard antiplatelet remained significantly high. The 

above studies suggest that platelets are hyperaggregable 

in patients at high risk for developing AMI.22 Therefore, 

we suggest that platelet aggregation testing can be used 

as an additional tool to identify persons at risk of 

developing AMI.  

We observed significantly higher MPV in our cases of 

AMI as compared to controls. How increased platelet 

volume causes increased risk of AMI is not well 

understood. Chronic hypoxia has been shown to stimulate 

cytokine (interleukin 3, interleukin 6, thrombopoietin) 

mediated production of larger platelets from the bone 

marrow. Larger platelets have been found to be 

metabolically and enzymatically more active. They 

express higher levels of procoagulatory surface proteins 

(P-selectin, glycoprotein IIIa) and therefore play a crucial 

role in prothrombotic events leading to AMI after rupture 

of an atherosclerotic plaque.23 A graded, independent 

association between baseline MPV level and risk of 
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cardiovascular mortality, stroke, fatal or non-fatal MI and 

cardiac failure at 1 year was observed in a study by 

Ranjith et al, suggesting that the time span between AMI 

and laboratory testing does not influence the MPV. i.e. 

MPV does not change during an episode of AMI rather it 

is an important predisposing factor for AMI.24 

Fibrinogen is involved in atherothrombotic processes by 

multiple mechanisms. Fibrinogen is an acute phase 

reactant whose levels are increased in acute coronary 

syndromes.25 It promotes endothelial cell migration and 

extracellular low-density lipoprotein accumulation. 

Fibrinogen interacts with GPIIb/IIIa receptors on platelets 

to promote platelet aggregation. An elevated plasma 

fibrinogen level increases blood viscosity, which causes 

impaired microcirculatory flow, endothelial shear-stress 

damage, and predisposition to thrombosis.26 This study 

showed that patients with AMI had significantly higher 

fibrinogen levels than controls. The mean plasma 

fibrinogen concentration in cases of AMI (n=30) was 

383.1±48.3 which was significantly higher when 

compared with 271.33±57.7mg/dl for all healthy controls 

in this study (n = 30; p<0.001).  

CONCLUSION 

In conclusion, Platelets and plasma fibrinogen play an 

important role in the atherothrombotic processes that lead 

to AMI. They observed that patients of AMI have hyper-

aggregable platelets, elevated MPV and increased plasma 

fibrinogen levels. Therefore, we suggest that platelet 

aggregation testing and testing for MPV and plasma 

fibrinogen levels may be used as additional tools to detect 

patients at high risk of AMI. 

Funding: No funding sources 

Conflict of interest: None declared 

Ethical approval: The study was approved by the 

Institutional Ethics Committee 

REFERENCES 

1. Goel PK, Bharti BB, Pandey CM, Singh U, Tewari 

S, Kapoor A, et al. A tertiary care hospital-based 

study of conventional risk factors including lipid 

profile in proven coronary artery disease. Indian 

Heart J. 2003;55:234-40. 

2. Falk E. Pathogenesis of atherosclerosis. J Am Coll 

Cardiol. 2005;47:7-12. 

3. Faxon DP, Fuster V, Libby P, Beckman JA, Hiatt 

WR, Thompson RW, et al. Atherosclerotic vascular 

disease conference: writing group III: 

pathophysiology. Cir. 2004;109(21):2617-25. 

4. Crowther MA. Pathogenesis of atherosclerosis. 

Hematology Am Soc Hematol Edu Program. 

2005:436-41. 

5. Kannel WB, Castelli WP, Gordon T, McNamara 

PM. Serum cholesterol, lipoproteins and risk of 

coronary heart disease: The Framingham study. Ann 

Intern Med. 197;74(1):1-12. 

6. Yano K, Grove JS, Chen R, Rodriguez BL, Curb 

JD, Tracy RP. Plasma fibrinogen as a predictor of 

total and cause-specific mortality in elderly 

Japanese-American men. Arterio Throm Vas Biol. 

2001;21:1065-70. 

7. Yarnell JWG, Baker IA, Sweetnam PM, Bainton D, 

O’Brien JR, Whitehead PJ, et al. Fibrinogen, 

viscosity, and white blood cell count are major risk 

factors for ischemic heart disease. The Caerphilly 

and Speedwell collaborative heart disease studies. 

Circulation. 1991;83(3):836-44. 

8. Massberg S, Schulz C ,Gawaz M. Role of platelets 

in the pathophysiology of acute coronary syndrome. 

Semin Vas Med. 2003;3:147-62. 

9. Harrison P, Mackie I, Mathur A, Robinson MS, 

Hong Y, Erusalimsky JD, et al. Platelet hyper-

function in acute coronary syndromes. Blood Coa 

Fibrinolysis. 2005;16(8):557-62. 

10. Shin EK, Park H, Noh JY, Lim KM, Chung JH. 

Platelet shape changes and cytoskeleton dynamics 

as novel therapeutic targets for anti-thrombotic 

drugs. Biomole Therap. 2017;25(3):223-30.  

11. Thompson CB, Eaton KA, Princiotta SM, Rushin 

CA, Valeri CR. Size dependent platelet 

subpopulations: relationship of platelet volume to 

ultrastructure, enzymatic activity, and function. Br J 

Haematol. 1982;50(3):509-19. 

12. Khandekar MM, Khurana AS, Deshmukh SD, 

Kakrani AL, Katdare AD, Inamdar AK. Platelet 

volume indices in patients with coronary artery 

disease and acute myocardial infarction: an Indian 

scenario. J Clin Pathol. 2006;59(2):146-9. 

13. Bath P, Algert C, Chapman N, Neal B, Progress 

Collaborative Group. Association of mean platelet 

volume with risk of stroke among 3134 individuals 

with history of cerebrovascular disease. Stroke. 

2004;35(3):622-6. 

14. Fullard JF. The role of the platelet glycoprotein 

IIb/IIIa in thrombosis and hemostasis. Curr Pharm 

Pes. 2004;10(14):1567-76.  

15. Kul AN, Ozdemir S, Helvaci A, Bulut C, Dursun S. 

The relationship of acute myocardial infarction with 

or without ST-segment elevation and viscosity. Clin 

App Thromb Hemost. 2014;20(8):779-82. 

16. Wu MD, Atkinson TM, Lindner JR. Platelets and 

von Willebrand factor in atherogenesis. Blood. 

2017;129(11):1415-19.  

17. Li Z, Delaney MK, O’Brien KA, Du X. Signaling 

during platelet adhesion and activation. 

Arteriosclerosis, thrombosis, and vascular biology. 

2010;30(12):2341-49.  

18. Gawaz M. Role of platelets in coronary thrombosis 

and reperfusion of ischemic myocardium. 

Cardiovasc Res. 2004;61:498-511. 

19. Fuchs J, Weinberger I, Rotenberg Z, Joshua H, 

Almozlino A, Agmon J. Circulating platelets in 

coronary artery disease. Am J Cardiol. 

1987;60(7):534-7. 

20. Ikeda Y, Handa M, Kawano K, Kamata T, Murata 

M, Araki Y, et al. The role of von Willebrand factor 



Yadav G et al. Int J Res Med Sci. 2018 Nov;6(11):3552-3557 

                                                        
 

      International Journal of Research in Medical Sciences | November 2018 | Vol 6 | Issue 11    Page 3557 

and fibrinogen in platelet aggregation under varying 

shear stress. J Clin Invest. 1991;87(4):1234-40. 

21. Eto K, Ochiai M, Isshiki T, Takeshita S, Terakura 

M, Sato T, et al. Platelet aggregability under shear is 

enhanced in patients with unstable angina pectoris 

who developed acute myocardial infarction. Jpn Cir 

J. 2001;65(4):279-82. 

22. Guha S, Mookerjee S, Lahiri P, Mani S, Saha J, 

Guha S, et al. A study of platelet aggregation in 

patients with acute myocardial infarction at 

presentation and after 48 hrs of initiating standard 

anti platelet therapy. Ind Heart J. 2011;63(5):409-

13. 

23. Endler G, Klimesch A, Sunder-Plassmann H, 

Schillinger M, Exner M, Mannhalter C, et al. Mean 

platelet volume is an independent risk factor for 

myocardial infarction but not for coronary artery 

disease. Br J Haematol. 2002;117(2):399-404. 

24. Ranjith MP, Divyaraj R, Mathew D, George B, 

Krishnan MN. Mean platelet volume and 

cardiovascular outcomes in acute myocardial 

infarction. Heart Asia. 2016;8(1):16-20. 

25. Papageorgiou N, Tousoulis D, Siasos G, Stefanadis 

C. Is fibrinogen a marker of inflammation in 

coronary artery disease? Hellenic J Cardiol. 

2010;51:1-9. 

26. Ahmed MS, Jadhav AB, Hassan A, Meng QH. 

Acute phase reactants as novel predictors of 

cardiovascular disease. ISRN Inflamm. 

2012;2012:953461. 

 

 
 

 

 

 

 

 

 

 

 

Cite this article as: Yadav G, Kushwaha R, Ali W, 

Singh US, Kumar A, Chandra S, et al. Platelet 

aggregation, mean platelet volume and plasma 

fibrinogen as risk factors for acute myocardial 

infarction. Int J Res Med Sci 2018;6:3552-7. 


