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Abstract
The platelet indices Mean Platelet Volume (MPV), Platelet Distribution Width (PDW) and Plateletcrit (PCT) provided by automated hematology analysis are rarely used in clinical practice. Platelets play a central role in the pathogenesis of acute coronary syndromes (ACS) and high MPV has
been associated to more reactive platelets and regarded as an independent risk factor for myocardial infarction. In this study, platelet indices were evaluated in 39 patients with ACS presenting
two altered biochemical parameters, C reactive protein (CRP) and creatine kinase fraction MB
(CK-MB). The results obtained showed significantly higher MPV and PDW values in the group with
ACS in comparison to the control group. Also observed was a weak but significant positive correlation between MPV and CK-MB. In view of findings of previous studies, which have associated macroplatelets with higher thrombotic potential our results suggest that the use of the MPV and PDW
indices as additional and complementary markers may contribute to the investigation and followup of thrombotic risk in patients with ACS.
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1. Introduction
Coronary artery thrombosis caused by rupture of an atherosclerotic plaque is the final pathogenic mechanism of
most cases with ACS, as documented by angiographic and pathologic studies. Atherosclerosis, a chronic inflammatory process, occurs as a response to an injury of the vascular endothelium with alterations in vascular
permeability, exposition of adhesion molecules, lipid deposition and macrophage accumulation. This may alter
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vessel haemostatic properties as well as modify or stimulate platelet function and thrombosis. Platelets play a
crucial role in unstable plaque rupture where subsequent thrombus formation amplifies the inflammatory response and leads to myocardial ischemia and clinical manifestations ranging from unstable angina (UA) to acute
myocardial infarction (AMI) and sudden cardiac death [1]-[3].
The progression of atherosclerotic lesions seems to concur with increased thrombopoiesis activation where
the cytoplasmic maturation of megakaryocytes is faster than the nuclear maturation, originating macroplatelets
that produce more thromboxane A2 and show greater reactivity in platelet aggregation curves. These observations emphasize that MPV may be considered an indicator of platelet function [4]. Large platelets have also been
reported in patients with vascular risk factors and have also been associated with myocardial damage in acute
coronary syndromes with an unfavorable outcome of acute myocardial infarction observed in survivors [5] [6].
In laboratory analyses, macroplatelets can be identified in a complete blood count (CBC) by observing blood
extension and platelet indices, which are not frequently used in clinical practice. The difficulty in standardizing
reference values for platelet indices might partially explain the lack of use of these indices in the laboratory [7].

2. Materials and Methods
2.1. Patients
Thirty-nine males with acute coronary syndrome (ACS) were selected from the Hospital Regional de Osasco, SP,
Brasil. The patients median age was 69 (61 - 78) and the inclusion criteria were those of American College of
Cardiology and European Society of Cardiology, including chest pain and new or presumed new ECG alterations. Patients with history of infection or inflammation during the last 15 days, or with hepatic and renal disease
were excluded from the study. A control group of 44 healthy individuals matched by age was selected to set the
reference values for platelet indices.
All patients were hospitalized and taking anti-platelet medication. Biochemical parameters inclusion criteria
were C Reactive Protein (CRP), Creatine Kinase (CK) and Creatine Kinase fraction MB (CK-MB) altered with
maximum concentration of CK-MB or CRP exceeding the 99th percentile of upper limit. The study was approved by the UNISA Research Ethics Committee (CEP-UNISA, process n˚219/09). All participants signed an
informed consent form.

2.2. Methods
For each patient (ACS) and control (CG), 10 mL of blood were collected and distributed in two vacutainer®
tubes; the first tube, containing no anticoagulant was centrifugated and the serum used for biochemical determination of CRP, CK and CK-MB in the analyzer XL-600, Testline, Transasia Bio-Medicals Ltd. Reference values:
CRP < 5 mg/L; CK: 24 - 190 U/L; CK-MB: 1 - 25 U/L.
Platelet indices and platelet counting determination were obtained from blood samples collected in the second
tube using EDTA as anticoagulant. For platelet count (PLC), mean platelet volume (MPV), platelet distribution
width (PDW), and plateletcrit (PCT), samples were analyzed within 30 minutes after collection with Pentra 80®,
Horiba-ABX, automated cell counter. The reference values adopted for platelet indices were obtained based on
the mean ± 2SD of the results from controls: Platelets: 196,500 - 260,000/mm3; MPV: 7.6 - 9.3 fL; PDW:
12.6% - 16.2%; PCT: 0.09% - 0.29%.

2.3. Statistical Analysis
Results were presented as mean ± SD. Data was analyzed using SPSS version 15. Categorical variables were
analyzed by chi-square test and the continuous variables with student “t” test. Correlation between continuous
variable was determined by Pearson’s correlation test. P value < 0.05 (5%) was considered to be statistically
significant.

3. Results
Mean platelet count and platelet indices are shown in Table 1. Comparative results showed a significantly lower
value for platelet count in patients with ACS. A significant higher MPV and PDW (P < 0.01) were observed in
these patients as can be seen in Figure 1. Table 2 compares the mean values for CKMB and CRP in both groups
ACS and CG.
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Table 1. Mean and standard deviation (M ± SD) values of platelets count and platelet indices in the ACS and control groups.
Group

PTL (/mm3)

MPV (fL)

PDW (%)

PCT (%)

CG (n = 44)

228 ± 31

8.1 ± 0.6

14.1 ± 1.7

0.19 ± 0.1

*

*

*

0.16 ± 0.1

ACS (n = 39)

172 ± 39

9.6 ± 0.9

16.7 ± 2.8

*

P < 0.01; PTL = platelet count; CG = control group; ACS = acute coronary syndrome.

Table 2. Mean and standard deviation (M ± DP) values of the biochemical parameters analyzed in the ACS and control groups.
Group (U/L)

CKMB

CK (U/L)

CRP (mg/L)

CG (n = 44)

13.0 ± 3.5

93 ± 41

22.3 ± 1.3

ACS (n = 39)

60.1 ± 10.6

228.5 ± 123.6

34.0 ± 27.2

CG = control group; ACS = acute coronary syndrome.

(a)

(b)

Figure 1. (a) Mean of MPV and PDW results in control (CG) and CVD patients (*P < 0.01); (b) Mean of
platelet count in controls and CVD patients (**P < 0.01).

Pearson’s correlation test was positive but not significant for most variables when compared to biochemical
markers and platelet indices. A significant correlation (P < 0.05) was only observed between CKMB and VPM
(Figure 2).

4. Discussion
The findings of the present study showed significantly higher PDW and MPV values in patients with ACS when
compared to the control group (P < 0.01). According to previous studies, increased prothrombotic activity might
be evaluated by platelet histogram indices and the presence of macroplatelets since evidence of high MPV is
associated with a greater aggregation potential inducing thrombus formation, which constitute a risk factor for
unstable angina, myocardial infarction, and stroke [4] [8]. In spite of the small sample of the present study, our
results corroborate previous findings that emphasize the essential role of platelets in ACS, suggesting that MPV
and PDW are indeed related to the presence of platelets with different sizes including macroplatelets that may
contribute as independent hematological marker to cardiovascular risk [9]-[11].
All patients in this study were under anti-platelet therapy. It has been shown that MPV values vary between
different ethnicities and can be altered by medication and illness [2]. Effects of anti-platelet therapy on MPV
values have been investigated in other studies. Guthikonda et al. demonstrated that large platelets are associated
with increased platelet reactivity in patients with coronary artery disease being treated with both aspirin and clopidogrel [12]. A recent study showed an increased fraction of immature platelets in patients with ST-segment
myocardial infarction using aspirin which seems to have an important effect and can perhaps be associated to the
development of acute coronary thrombosis [13]. Controversially, in a study of 62 patients with acute coronary
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Figure 2. Pearson’s correlation: positive correlation between CKMB
and MPV (P < 0.05).

syndrome under aspirin therapy although a significant increase in MPV, with a reduction in platelet count was
found, they observed that larger MPV does not necessarily imply higher platelet reactivity and may not monitor
the efficacy of anti-platelet therapies [14].
Biomarkers play an important role in the diagnosis of ACS. Among these, cardiac troponin and creatine kinase MB appear to be the most sensitive and specific markers of myocardial injury. Creatinine kinase MB is one
of the three CK isoenzymes present primarily in cardiac muscle. CK-MB is rapidly released after myocardial
infarction (MI), rises to twice the normal levels 4 to 6 hours after symptoms and peaks within 12 to 24 hours,
returning to normal in 48 - 72 hours. Its value in the early and late diagnosis of acute MI is limited. However,
CK-MB is an essential component in assessing re-infarction or infarct extension in patients [15]. Also elevation
of CK-MB levels is strongly related to mortality in ACS patients. When associated with pathologically demonstrable myocardial necrosis, minor CK-MB elevation maybe a marker of ongoing vascular instability resulting in
recurrent platelet clumps and microscopic infarction [16]. Our results showed a significant positive correlation
between MPV and absolute CK-MB levels (r = +0.309, P < 0.05), suggesting that MPV analysis could be an additional tool for diagnostic investigation of MI risk when CK-MB levels are above normal. Since there is no information about the patients outcome in this study, future research is needed to clarify this issue.
Also for risk stratification and to confer greater cardiac specificity both absolute CK-MB and the CK-MB relative index (CK-MB as a percentage of total CK) have been used in this study, although the World Health Organization international diagnostic criteria, and several others, recommend use of absolute CK-MB [17]. We
found 21 patients (55%) with CK-MB relative index > 5% and confirmed the MI diagnosis; 12 patients (30%)
with relative index between 3% and 4.9%; and 6 patients (15%) with CK-MB relative index between 2% and
2.9%. Statistical analysis was performed in these groups as separated for VPM, PDW and platelet count. Except
for a significantly lower platelet count on group with CK-MB relative index > 5% (21 patients) when compared
to the ACS group (39 patients), the other results showed the same pattern observed when using absolute CK-MB
levels (data not show).
Osuna et al. investigated the influence of MPV on death rates, recurrent ischemia, and heart failure during the
hospitalization and showed that an MPV > 9fL was related to an independent increase of combined death rate,
heart failure, and ischemic events after myocardial infarction (MI). In the present study we found that 27 patients (69%) with a history of MI had a MPV > 9fL, suggesting that a risk stratification system for MPV and
acute coronary syndrome is worthy of consideration [18]. Schultheiss et al. reported that platelets continue to
circulate in an activated state after MI considering that CK-MB elevation and decrease in platelet count might
possibly constitute a prognostic factor for the short-term outcome in these patients [19]. We observed a significantly lower platelet count in patients with ACS (172 ± 39 × 103/mm3, p < 0.01) when compared to controls
(228 ± 31 × 103/mm3); that, in the presence of MPV and PDW alterations, might be related to greater reactivity
and, consequently, to greater platelet consumption due to atheromatous and/or inflammatory lesions in these patients.

5. Conclusions
In conclusion, the results of the present study appear to confirm and substantiate that an increased MPV contri-
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butes to the prothrombotic state in ACD and that larger platelets may also play a specific role in MI. Hence, the
use of platelet indices in laboratory routines could be an important complement in the assessment and follow-up
of cardiac patients, since these indices are easily provided by automated equipment when a complete blood
count is requested by the attending physician.
Future studies including the use of MPV and platelet count as a cost effective tool in a risk stratification system to predict acute coronary events as well as the response to medical interventions are worthy of consideration.

Acknowledgements
The authors would like to thank Dr. José Wanderlei Sotero, MD, Director of the Health Service and the Clinical
Pathology Service of the Hospital Regional de Osasco, São Paulo, Brasil, for the opportunity to develop this
study.

Declaration of Conflicting Interests
The authors declare no conflict of interest in regards to research, authorship, and/or publication of this article.

References
[1]

Venturinelli, M.L., Hovnan, A., Soeiro, A.M., Nicolau, J.C., Ramires, J.A.F.; D’Amico, E.A. and Serrano Júnior, C.V.
(2006) Ativação plaquetária em formas clínicas distintas da doença arterial coronariana (papel da P-selectina e de
outros marcadores nas anginas estável e instável. Arquivos Brasileiros de Cardiologia, 87, 446-450.
http://dx.doi.org/10.1590/S0066-782X2006001700008

[2]

Khode, V., Sindhur, J., Kanbur, D., Ruikar, K. and Nallulwar, S. (2012) Mean Platelet Volume and Other Platelet Volume Indices in Patients with Stable Coronary Artery Disease and Acute Myocardial Infarction: A Case Control Study.
Journal of Cardiovascular Disease Research, 3, 272-275. http://dx.doi.org/10.4103/0975-3583.102694

[3]

Endler, G., Klimesch, A., Sunder-Plassmann, H., Schillinger, M., Exner, M. and Mannhalter, C. (2002) Mean Platelet
Volume Is an Independent Risk Factor for Myocardial Infarction but Not for Coronary Artery Disease. British Journal
of Haematology, 117, 399-404. http://dx.doi.org/10.1046/j.1365-2141.2002.03441.x

[4]

Wendland, A.E., Farias, M.G. and Manfroi, W.C. (2009) Volume plaquetário médio e doença cardiovascular. Jornal
Brasileiro de Patologia e Medicina Laboratorial, 45, 371-378. http://dx.doi.org/10.1590/S1676-24442009000500005

[5]

Greisenegger, S., Endler, G., Hisieh, K., Tentschert, S., Mannhalter, C. and Lalouscheck, W. (2004) Is Elevated Mean
Platelet Volume Associated with a Worse Outcome in Patients with Acute Ischemic Cerebrovascular Events? Stroke,
35, 1688-1691. http://dx.doi.org/10.1161/01.STR.0000130512.81212.a2

[6]

Lippi, G., Filippozzi, L., Salvagno, G.L., Montagnana, M., Franchini, M. and Guidi, G.C. (2009) Increased Mean
Platelet Volume in Patients with Acute Coronary Syndromes. Archives of Pathology & Laboratory Medicine, 133,
1441-1443.

[7]

Farias, M. and Bó, S.D. (2008) Determinação do intervalo de referência para o volume plaquetário médio (VPM)
utilizando o analisador hematológico Pentra 120 ABX. RBAC, 40, 39-41.

[8]

Jurcuţ, C., Caraiola, S., Nitescu, D., Mihai, C., Baicus, A., Predeteanu, D., Ginghina, C. and Tanasescu, C. (2010)
Platelet Histogram Indices and Cardiovascular Disease in Patients with Rheumatoid Arthritis. Romanian Journal of Internal Medicine, 48, 51-55.

[9]

Yang, A., Pizulli, L. and Lüderitz, B. (2006) Mean Platelet Volume as Marker of Restenosis after Percutaneous Transluminal Coronary Angioplasty in Patients with Stable and Unstable Angina Pectoris. Thrombosis Research, 117,
371-377. http://dx.doi.org/10.1016/j.thromres.2005.04.004

[10] Yilmaz, M.B., Cihan, G., Guray, Y., Guray, U., Kisacik, H.L. and Sasmaz, H. (2008) Role of Mean Platelet Volume in
Triaging Acute Coronary Syndromes. Journal of Thrombosis and Thrombolysis, 26, 49-54.
http://dx.doi.org/10.1007/s11239-007-0078-9
[11] Chu, H., Chen, W.-L., Huang, C.-C., Chang, H.-Y., Kuo, H.-Y., Gau, C.-M., Chang, Y.-C. and Shen, Y.-S. (2011) Diagnostic performance of mean platelet volume for patients with acute coronary syndrome visiting an emergency department with acute chest pain: the Chinese scenario. Emergency Medicine Journal, 28, 569-574.
http://dx.doi.org/10.1136/emj.2010.093096
[12] Guthikonda, S., Alviar, C.L. and Vaduganathan, M. (2008) Role of Reticulated Platelets and Platelet Size Heterogeneity on Platelet Activity after Dual Antiplatelet Therapy with Aspirin and Clopidogrel in Patients with Stable Coronary
Artery Disease. Journal of the American College of Cardiology, 52, 743-749.

75

S. C. Costa et al.

http://dx.doi.org/10.1016/j.jacc.2008.05.031

[13] Grove, E.L. (2012) Antiplatelet Effect of Aspirin in Patients with Coronary Artery Disease. Danish Medical Journal,
59, B4506.
[14] De Luca, G., Secco, G.G., Iorio, S., Verdoia, M., Bellomo, G. and Marino, P. (2012) Short-Term Effects of Aspirin and
Clopidogrel on Mean Platelet Volume among Patients with Acute Coronary Syndromes. A Single-Center Prospective
Study. Blood Coagulation & Fibrinolysis, 23, 756-759. http://dx.doi.org/10.1097/MBC.0b013e328358e941
[15] Vassiladis, E., Barascuk, N., Didangelos, A. and Karsdal, M.A. (2012) Novel Cardiac-Specific Biomarkers and the
Cardiovascular Continuum. Biomark Insights, 7, 45-57. http://dx.doi.org/10.4137/BMI.S9536
[16] Alexander, J.H., Sparapani, R.A., Mahaffey, K.W., Deckers, J.W., Newby, L.K., Ohman, E.M., Corbalán, R., Chierchia, S.L., Boland, J.B., Simoons, M.L., Califf, R.M., Topol, E.J. and Harrington, R.A. (2000) Association between
Minor Elevations of Creatine Kinase-MB Level and Mortality in Patients with Acute Coronary Syndromes without
ST-Segment Elevation. JAMA, 283, 347-353. http://dx.doi.org/10.1001/jama.283.3.347
[17] Capellan, O., Hollander, J.E. and Pollack Jr., C. (2003) Prospective Evaluation of Emergency Department Patients with
Potential Coronary Syndromes Using Initial Absolute CK-MB vs. CK-MB Relative Index. Journal of Emergency
Medicine, 24, 361-367. http://dx.doi.org/10.1016/S0736-4679(03)00030-1
[18] Osuna, P.P., Ballesteros, F., Muñoz, J.L., Fernández, P.L., Jiménez, A., Domínguez, M. and Luengo, C. (1998)
Influencia del volumen plaquetario médio sobre el pronostico a corto plazo del infarto agudo de miocárdio. Revista
Española de Cardiología, 51, 816-822. http://dx.doi.org/10.1016/S0300-8932(98)74825-0
[19] Schultheiss, H.P., Tschoepe, D., Esser, J., Schwippert, B., Roesen, P., Nieuwenhuis, H.K., Schmidt-Soltau, C. and
Strauer, B. (1994) Large Platelets Continue to Circulate in an Activated State after Myocardial Infarction. European
Journal of Clinical Investigation, 24, 243-247. http://dx.doi.org/10.1111/j.1365-2362.1994.tb01081.x

76

