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Abstract

Platelet count has been shown to be lower and mean platelet volume (MPV) to be higher in acute 

myocardial infarction (MI). However, it is not known whether these changes persist post-MI or if 

these measures are able to distinguish between acute thrombotic and non-thrombotic MI. Platelet 

count and MPV were measured in 80 subjects with acute MI (thrombotic and non-thrombotic) and 

stable coronary artery disease (CAD) at cardiac catheterization (acute phase) and at >3-month 
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follow-up (quiescent phase). Subjects were stratified using stringent clinical, biochemical, 

histological, and angiographic criteria. Outcome measures were compared between groups by 

analysis of variance. Forty-seven subjects met criteria for acute MI with clearly defined thrombotic 

(n = 22) and non-thrombotic (n = 12) subsets. Fourteen subjects met criteria for stable CAD. No 

significant difference was observed in platelet count between subjects with acute MI and stable 

CAD at the acute or quiescent phase. MPV was higher in acute MI (9.18 ± 1.21) compared to 

stable CAD (8.13 ± 0.66; P = 0.003) at the acute phase but not at the quiescent phase (8.48 ± 0.58 

vs 8.94 ± 1.42; P = 0.19). No difference in platelet count or MPV was detected between 

thrombotic and non-thrombotic subsets at acute or quiescent phases. The power to detect 

differences in these measures between thrombotic and non-thrombotic subsets was 58%. Higher 

MPV at the time of acute MI is not observed by 3 months post-MI (quiescent phase). Platelet 

count and MPV do not differ in subjects with thrombotic versus non-thrombotic MI. Further 

investigation is warranted to evaluate the utility of these measures in the diagnosis of acute MI.
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Introduction

Myocardial infarction (MI) is the most common cause of death and disability worldwide.1,2 

Although significant advancements have been made in using biomarkers (eg, troponin) and 

electrocardiograms to diagnose MI, these methods measure myocardial necrosis, as opposed 

to the cause and therapeutic target—coronary thrombosis. Since myocardial necrosis follows 

thrombosis, these diagnostic criteria for acute MI may fail to identify patients before the 

induction of irreversible myocardial necrosis. Additionally, the current diagnostic methods 

do not target the differentiation of thrombotic and non-thrombotic causes of MI such as 

demand ischemia and stress cardiomyopathy, which has varying therapeutic and prognostic 

implications.3 While the third universal definition of acute MI identifies angiographic 

confirmation of coronary thrombus as a criterion for the diagnosis of acute MI and 

differentiating myocardial necrosis caused by thrombotic versus non-thrombotic etiologies,4 

coronary angiography is an invasive procedure with significant side effects and often cannot 

differentiate between stable nonculprit lesions and lesions causing acute thrombotic MI. 

Management of thrombotic MI focuses on resolving the thrombotic obstruction to revive 

coronary blood flow with the use of antithrombotic, anticoagulant, and fibrinolytic drugs and 

procedural revascularization therapies. These therapies would be expected to have all of the 

same risks (eg, bleeding) without any potential benefit in patients who do not have an acute 

thrombus. Therefore, in patients presenting with symptoms suggestive of acute MI, the 

ability to identify an MI early on, prior to serum troponin elevation, and to discriminate 

thrombotic from non-thrombotic MI would significantly improve treatment outcomes.

Platelets have a primary function of stopping hemorrhage from vascular endothelium or 

tissue following an injury.5 In a pathological spin-off to their apportioned physiological 

function of plugging endothelial defects, platelet activation in response to plaque disruption, 

resulting in occlusive thrombosis, is the paradigm for acute MI. The process of plaque 
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progression and disruption is triggered by inflammatory and immune changes that convert 

the surface endothelium into a pro-atherothrombotic surface via cell adhesion molecules, 

primarily P-selectin and E-selectin.6 Upon damage to the plaque, platelet activation is 

enhanced through the secretion of storage granules and adhesive ligands, which further 

promote platelet aggregation.7 In the event of atherosclerotic plaque disruption, elevated 

rates of platelet aggregation potentiate the release of larger, more reactive platelets from the 

bone marrow.8 The enhanced reactivity of these newly released platelets is attributed to 

elevated concentrations of active substances within microgranules (eg, thromboxane A2 and 

B2, platelet factor 4, P-selectin, platelet-derived growth factor), as well as increased 

expression of adhesive receptors (glycoprotein IIb/IIIa).9,10 Prior studies have demonstrated 

a significantly higher mean platelet volume (MPV) in patients presenting with acute 

coronary syndrome (ACS); however, the duration of MPV elevation post-ACS has not been 

delineated.11–17

The MPV is a measure of platelet size and activity,18 and the role of platelet activation is 

fundamental in the development of an acute MI.5 Thus, we hypothesize that platelet count 

and higher MPV could be used as surrogates for platelet consumption and activation and 

therefore aid in the diagnosis of an acute MI, specifically acute thrombotic MI. Therefore, 

we compared platelet count and MPV between subjects with stable coronary artery disease 

(CAD) and subjects with acute MI at the time of acute event (MI/cardiac catheterization) 

and after resolution of acute event (follow-up during the quiescent phase). A secondary 

analysis aims to assess the difference in platelet count and MPV in acute MI subtypes—

thrombotic and non-thrombotic MI.

Methods

Study Design and Population

Following institutional review board approval, subjects were recruited from 2 hospitals in 

Louisville, Kentucky between March 2012 and August 2013. Two categories of subjects 

were sought for enrollment—those with suspected acute MI and those with suspected stable 

CAD. All subjects provided written informed consent. Enrollment criteria for both groups 

required that each participant should be aged >18 years and scheduled for coronary 

angiography within 48 hours. Subjects who received fibrinolytic therapy were not eligible. 

Enrollment criteria for suspected acute MI and suspected stable CAD are detailed in the 

supplemental material (Appendix Table 1).

Biochemical Analysis

Clinical laboratory data were tested at 2 independent clinical laboratory improvement 

amendments (CLIA) approved laboratories at the University of Louisville Hospital (ULH) 

and Ken-tuckyOne Health Jewish Hospital (JH). The MPV and platelet counts were tested 

using the impedance technique in a Sysmex XE-2100 analyzer (Sysmex, Kobe, Japan, MPV 

normal range: 8.7–12 fL; platelet count normal range: 140–370 × 103/mm3) at ULH and 

Beckman Coulter LH780 analyzer (Beckman Coulter, California, USA, MPV normal range: 

7.4–10.4 fL; platelet count normal range: 150–390 × 103/mm3) at JH. Troponin criteria for 

outcomes and additional biochemical analysis are detailed in the supplemental material.
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Coronary Angiography and Histological Analysis

Angiograms were systematically evaluated in all subjects by the Angiographic Core 

Laboratory at the Johns Hopkins University (Baltimore, Maryland) by a technician and 

physician blinded to all other participant data.

Coronary aspiration was left to the discretion of the treating interventional cardiologist. The 

standard of care at the enrollment sites for this study was to attempt thrombus aspiration in 

all ST-segment elevation myocardial infarction (STEMI) patients when coronary thrombus 

was thought to exist. If aspiration was attempted, the aspirate was immediately filtered and 

preserved in formalin for histological evaluation by a pathologist specializing in coronary 

thrombosis at CVPath, Inc. (Gaithersburg, Maryland).19 The pathologist was blinded to all 

other participant data, except the vessel from which the aspirate was obtained.

Sample Time Points

Samples were collected immediately upon arrival to cardiac catheterization laboratory (acute 

phase) prior to angiography or any coronary interventions and at follow-up (quiescent 

phase). Acute phase samples were collected from an arterial sheath after a 5 to 10 mL waste 

draw, whereas for the quiescent phase samples, virgin peripheral veins were phlebotomized 

with 5 to 10 mL waste draw.

Study Group Classification

Four subject groups were defined for this study a priori—stable CAD, acute MI, thrombotic 

MI, non-thrombotic MI (Appendix Table 2). Subjects with thrombotic MI and non-

thrombotic MI were a subset of the acute MI group with borderline cases removed. We 

developed novel conservative criteria, a priori, eliminating borderline cases from analysis in 

order to limit confounding factors from misclassification and to produce an ideal cohort for 

discovering new biology related to acute MI (Appendix Table 2). Our criteria are a variation 

of criteria previously proposed by our group.10,20 We believe these criteria are more robust 

than any other published criteria for distinguishing between thrombotic and non-thrombotic 

MI.21–25

Statistical Analysis

Normally distributed outcome measures were compared between groups using Student or 

Welch t tests if the heterogeneity of variance assumption was violated. Outcome measures 

that were not approximately normal were compared using Wilcoxon rank sum tests. To 

check for the presence of confounding factors, the Pearson correlation coefficient was 

computed for each pair of outcome measure and risk factor (potential confounder). These 

associations were reported as signed r2 in order to summarize both the direction and strength 

of the association.

Analysis of Time Difference

Limited data suggest that 120 minutes from blood draw may be optimal for MPV 

assessment.26 Hence, to examine the effect of analysis time, the outcome measures for all 

subjects and time points were regressed on analysis time difference.
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Outcome Measures

The primary outcome measures evaluated for differences between the stable CAD and acute 

MI groups were platelet count and MPV at the acute phase, absolute change from acute 

phase to follow-up in platelet count and MPV, and relative change from baseline to follow-

up in platelet count and MPV. A subgroup analysis was conducted to evaluate the differences 

between the thrombotic and non-thrombotic subgroups. Inspection of histograms and 

Shapiro-Wilk tests were conducted in order to determine whether outcome measures were 

approximately normally distributed.

Calibration of Measurements

Subjects were enrolled from 2 different hospitals, both of which use different analysis 

techniques for platelet count and MPV measurement. A reliability study using biological 

samples independent of the study participants was conducted to determine whether platelet 

count and MPV measurements differed across the 2 hospitals. The effect of hospital was 

significant for both platelet count and MPV, necessitating calibration of both measurements 

(Appendix Figure 1). Each outcome measure was calibrated using the results of the 

reliability study to ensure consistency between the JH and ULH values. Specific details 

about the calibration study are included in the supplemental material.

Results

Of the 80 subjects enrolled, 19 subjects either did not meet inclusion criteria or had missing 

data and were hence removed from analysis. Study enrollment scheme is outlined in the 

supplemental material (Appendix Figure 2). Sixty-one valid subjects were included in the 

statistical analysis, of which 14 subjects met the phenotype criteria for stable CAD and 47 

subjects for acute MI (Appendix Table 2). In the acute MI group, 22 subjects met criteria for 

thrombotic MI, 12 for non-thrombotic MI, and 13 had an indeterminate MI cause.

Current smoking, heart rate, diastolic blood pressure, and coronary stenosis were all higher 

as compared to subjects with stable CAD (Table 1). Past smoking, history of dyslipidemia, 

diabetes, and body mass index were lower in subjects with acute MI as compared to 

participants with stable CAD (Table 1).

In the acute MI group, the time lapse from blood draw to platelet analysis was significantly 

higher (median ± inter-quartile range: 0.53 ± 0.65 hours) as compared to the stable CAD 

(0.25 ± 0.72 hours; P = 0.04). The coefficient for analysis time difference in the platelet 

count model was not significant. The coefficient for analysis time difference in the MPV 

model was significant (β = 0.00003; P = 0.005); however, analysis time difference explained 

only 3.58% of variance. In the regression analysis, the difference between when blood was 

drawn and when MPV was measured explained only 3.58% of the variation in MPV (R2 = 

3.58%). Additional stratification by study group did not modify this trend (residual R2 = 

2.91% attributed to time difference), indicating a lack of evidence that time from blood draw 

to MPV measurement impacted the study groups differently.

Significant differences were not observed in platelet count between subjects with acute MI 

and stable CAD at the acute phase (time of cardiac catheterization) or at the quiescent phase 
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follow-up (median of 3.2 months post-MI/cardiac catheterization; Table 2 and Figure 1). The 

MPV was significantly higher in the acute MI group (9.18 ± 1.21) as compared to stable 

CAD (8.13 ± 0.66; P = 0.003) at the acute phase but not at the quiescent phase (Table 2 and 

Figure 1).

In the acute MI group, 22 subjects met criteria for thrombotic MI and 12 met criteria for 

non-thrombotic MI (Appendix Figure 2). Significant differences were not observed in 

platelet count between thrombotic and non-thrombotic subgroups at the acute phase (223.5 

± 84.4 vs 211.6 ± 56.3, P > 0.05) or at the quiescent phase follow-up (223.5 ± 75.3 vs 225.3 

± 63.6; P > 0.05; Table 3 and Figure 2). Significant differences were not observed in MPV 

between thrombotic and non-thrombotic subgroups at the acute phase (8.89 ± 1.15 vs 9 

± 0.72; P > 0.05) or at the quiescent phase follow-up (8.79 ± 1.32 vs 8.99 ± 0.8; P > 0.05; 

Table 3 and Figure 2). The power to detect a difference in MPV between thrombotic and 

non-thrombotic MI was 58%.

Discussion

In this prospective study of subjects with acute MI and stable CAD, there were 3 major 

findings with important clinical implications. First, MPV is significantly increased in 

subjects with acute MI as compared to subjects with stable CAD during the acute phase of 

an MI. Second, this difference is not observed during the quiescent phase (~3 months post-

MI). Third, MPV does not differ significantly between thrombotic and non-thrombotic MI 

patients and is therefore not useful as an independent biomarker in distinguishing between 

these types of MI.

An association of increased MPV with acute MI has been previously observed9,27–29; 

however, the mechanism underlying this phenomenon has yet to be elucidated. One such 

explanation could be a global increase in serum thrombopoietin levels secondary to platelet 

consumption during acute MI, which would, in effect, stimulate megakaryocyte proliferation 

and enhance the production/liberation of larger, more hemostatically active immature 

platelets from the bone marrow.30–33 Consistent with this notion, in a previous study, 

Senaran and colleagues were able to establish a correlation between throm-bopoietin levels 

and MPV values in patients with acute MI.34 Therein they found patients with acute MI to 

exhibit elevated MPV and serum thrombopoietin levels compared to healthy controls.34 

Although thrombopoiesis is a prominent mechanism influencing platelet volume,33 platelet 

consumption has also been shown to influence and increase MPV.35

Although there are conflicting opinions on the platelet turnover theory,36,37 our data are 

consistent with prior reports of higher MPV at the time of an acute MI.9,11,14,15,17,27–29 The 

second finding in our study is a novel observation wherein we found that during a quiescent 

phase of approximately 3 months post-MI, MPV in the acute MI group was no longer 

different from stable CAD. Plaque disruption triggers platelet activation resulting in 

thrombus formation/platelet consumption, which in turn stimulates production/release of 

immature platelets resulting in a sustained increase of MPV. The time period of MPV 

elevation post-MI has not been quantified in human subjects. Our study provides an insight 

to the duration of MPV elevation.

Amraotkar et al. Page 6

Clin Appl Thromb Hemost. Author manuscript; available in PMC 2017 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Martin et al found higher MPV 6 months post-MI in patients who had a second ischemic 

event 6 to 24 months postindex MI as compared to patients who did not experience any 

ischemic event 6 to 24 months postindex MI.38 Their findings do not identify a trajectory of 

MPV between 2 distinct time points (ie, acuity and quiescence) and differ from our study in 

that they did not compare the acute MI group with a non-MI control group (ie, stable CAD). 

Funck-Jensen et al found that indices of platelet turnover were higher in 48 hours following 

acute STEMI as compared to a stable (quiescent) phase 3 months later.39 Funck-Jensen et al 

did not have a non-MI comparator group. In both the above-mentioned studies, MPV 

increases are actually a deviation in values from the perceived norm rather than an 

observation of difference from a valid control group. Shah et al performed a retrospective 

analysis of MPV in 1512 patients undergoing percutaneous coronary intervention (PCI) and 

found increased risk of mortality among patients with increased MPV post-PCI.40 

Therefore, MPV may be a modifiable prognostic factor post-MI/PCI.

Chu et al analyzed MPV of 282 consecutive patients arriving to the emergency department 

with acute chest pain, wherein they found increased MPV as an early and independent 

predictor of ACS.11 Similarly, Lippi et al reported patients with ACS to have higher MPV 

than patients without ACS.15 Furthermore, Yilmaz et al observed a stepwise decrease in 

MPV between patients with non-STEMI, unstable angina, and stable CAD, respectively.17 

More importantly, Klovaite et al found that in the general population, the risk of MI was 

increased by 38% in individuals with elevated MPV (>7.4 fL) independently of known 

cardiovascular risk factors.14 Our third finding demonstrates that MPV and platelet count are 

not likely to be useful in differentiating thrombotic and non-thrombotic MIs as isolated 

diagnostic markers. Despite our limited power to conclude no difference in the mean MPV 

and platelet count in our thrombotic and non-thrombotic MI subgroups, the overlapping 

range of the values in these groups disqualifies these measures as diagnostic markers in 

isolation. Given the importance of the clinical distinction, further research is warranted to 

evaluate the utility of these analytes in combination with other factors for distinguishing 

thrombotic and nonatherothrombotic MI.

Limitations

Although this is the largest study of MPV and platelet count in subjects with acute 

thrombotic and non-thrombotic MI, the low sample and power of the study may have played 

a role in not finding significant differences between these groups. This study does not have 

long-term follow-up data on cardiovascular events and is therefore unable to evaluate these 

biomarkers as predictors of events in post-MI.

Conclusion

Higher MPV at the time of acute MI subjects resolves by 3 months. Platelet count and MPV 

measures overlap in subjects with thrombotic versus non-thrombotic MI, limiting the utility 

of these measures as individual diagnostic biomarkers. Further investigation is warranted to 

evaluate the utility of platelet count and MPV, in addition to other novel diagnostics, in the 

diagnosis of acute MI and the distinction between thrombotic and non-thrombotic MI.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Comparison of platelet count and mean platelet volume between acute myocardial infarction 

and stable coronary artery disease groups. MI indicates myocardial infarction; MPV, mean 

platelet volume; SCAD, stable coronary artery disease.
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Figure 2. 
Comparison of platelet count and mean platelet volume between thrombotic and non-

thrombotic myocardial infarction groups. MI indicates myocardial infarction; MPV, mean 

platelet volume; SCAD, stable coronary artery disease.
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Table 1

Baseline Participant Characteristics.

Variables Acute MI Group (n = 47)
Stable CAD Group (n = 

14) P Value

Age (mean ± SD), years 58.6 ± 14.4 61.3 ± 8.9 0.49

Males (%) 65.3 53.3 0.54

Caucasian race (%) 77.6 93.3 0.09

Current smoker (%) 53.1 20.0 0.04

Former smoker (%) 26.5 60.0 0.04

Never consumed alcohol (%) 55.1 40.0 0.54

Currently consumes alcohol (%) 32.7 46.7 0.37

History of dyslipidemia (%) 46.9 86.7 0.01

History of diabetes mellitus (%) 10.2 40.0 0.03

History of hypertension (%) 61.2 93.3 0.06

History of atherosclerosis (%) (MI, CAD, PCI, CABG) 38.8 100.0 <0.0001

History of congestive heart failure (%) 8.2 6.7 1.00

History of chronic renal failure (%) 8.2 0.0 0.28

History of stroke (%) 10.2 0.0 0.33

HR at the time of presentation (mean ± SD) 85 66 <0.0001

SBP at the time of presentation (mean ± SD) 137.1 ± 33.3 133.4 ± 16.5 0.56a

DBP at the time of presentation (mean ± SD) 85.6 ± 21.4 70.3 ± 15.3 0.01

MAP at the time of presentation (mean ± SD) 102.8 ± 24.7 91.4 ± 14.3 0.09

BMI at the time of presentation (mean ± SD) 27.5 ± 7.24 33 ± 7.08 0.02

Time (hours) elapsed from presentation to T0 (median ± IQR, range) 3.5 ± 16.0, 36 2.0 ± 1.0, 3 0.21b

Time (hours) elapsed from symptoms to T0 (median ± IQR, range) 16.0 ± 25.0, 156 N/A N/A

Time (hours) elapsed from blood draw to platelet analysis (median ± 
IQR, range)

0.53 ± 0.65, 5.69 0.25 ± 0.72, 4.28 0.04b

Baseline troponin (mean ± SD, range), mg/dL 5.59 ± 10.83, 55.3 0.009 ± 0.003, 0.01 <0.0001b

Peak troponin (mean ± SD, range) 33.5 ± 37.9, 150.3 0.008 ± 0.004, 0.01 <0.0001b

Glucose at baseline (mean ± SD, range) 142.1 ± 56.5, 285 131.6 ± 30.6, 107 0.35a

Creatinine at baseline (mean ± SD, range) 1.13 ± 0.79, 4.34 0.92 ± 0.17, 0.66 0.10a

ST-segment elevation on ECG at baseline 63.3 0.0 <0.0001

At least 1 vessel with ≥50% coronary stenosis on enrollment 
angiogram

73.5 40.0 0.03

Aspirin use at the time of enrollment (%) 89.8 86.7 0.66

P2Y12 inhibitors use at enrollment (%) 53.1 50.0 0.77

Abbreviations: BMI, body mass index; CABG, coronary artery bypass grafting; CAD, coronary artery disease; DBP, diastolic blood pressure; ECG, 
electrocardiography; HR, heart rate; IQR, interquartile range; MAP, mean arterial pressure; MI, myocardial infarction; N/A, stable disease with no 
acute symptoms therefore unable to quantify time of onset or compute P Value; PCI, percutaneous coronary intervention; SBP, systolic blood 
pressure; SD, standard deviation; T0, acute phase at cardiac catheterization.

a
Welch t test.

b
Wilcoxon rank sum test.
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