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Abstract
Background: Platelet indices are potentially useful markers for the early diagnosis of thromboembolic diseases. An
increase in both mean platelet volume (MPV) and platelet distribution width (PDW) due to platelet activation, resulting
from platelet swelling and pseudopodia formation was hypothesized.
Methods: Platelet indices (MPV and PDW) in three groups of persons, using impedance and optical technology were
measured. The first group consisted of patients with established platelet activation and healthy control subjects. The
second study group included pregnant women in different trimesters of pregnancy. The effect of storage time on MPV
and PDW in blood samples of a third group of randomly chosen patients was also assessed.
Results: There was a significant increase in MPV (P<0.001) and PDW (P<0.001) in patients with confirmed platelet activation compared to healthy control subjects. Only PDW showed a significant increase from the first to the third trimester
of pregnancy (P=0.009). Temporal changes of MPV and PDW over storage time revealed a significant increase in MPV
(P<0.001), in contrast to a significant decrease in PDW (P<0.05).
Conclusion: MPV and PDW are simple platelet indices, which increase during platelet activation. PDW is a more
specific marker of platelet activation, since it does not increase during simple platelet swelling. Hippokratia 2010; 14
(1): 28-32
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Thromboembolic diseases are among the major cause
of mortality in developed countries. Early diagnosis of
progressive activation of coagulation can help manage
these diseases successfully. A significant list of reliable
markers have been investigated recently, concerning activation of coagulation, such as prothrombin fragment
1+2, thrombin-antithrombin complex (TAT), and platelet
activation, such as β-thromboglobulin (β-TG) or soluble
platelet P-selectin1. However, laboratory measurement of
these indices is laborious and expensive. Additionally,
the above mentioned indices cannot be included in routine laboratory tests2-3.
Several investigators have used a series of platelet
indices measured by hematology analyzers, given the
fact that platelet activation causes morphologic changes
of platelets. The mean platelet volume (MPV) is probably the most extensively studied platelet activation
marker4-9. Recently, novel platelet indices such as mean
platelet component (MPC) and platelet component distribution width (PCDW) have been investigated as prospective platelet activation markers10-11. However, not
all hematology analyzers examine these indices.
The present effort for finding simple and widely

used platelet activation indices focused on the fact that
platelet activation causes morphologic changes of platelets, including both the spherical shape and pseudopodia
formation. Platelets with increased number and size of
pseudopodia differ in size, possibly affecting platelet distribution width (PDW).
The possibility whether platelet activation increases
MPV and PDW as expected was examined. Moreover,
the issue whether pseudopodia formation could cause
specific changes, supporting the differential diagnosis
between platelet activation and other causes of platelet
swelling was assessed.
Materials and Methods
Analyses were performed in three study groups:
(a) Ninty eight (98) healthy persons and 75 patients
with established platelet activation (45 puerperas, 10 patients with phlebothrombosis before therapy with anticoagulants and 20 patients with myocardial infarction).
Samples were analyzed by two hematology analyzers
(CELL DYN 1700 and CELL DYN 3200, Abbott Diagnostics) two hours after blood sampling,
(b) One hundred and three (103) pregnant women (41
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in the first trimester of pregnancy, 32 in the second trimester and 30 in the third trimester). Samples were analyzed by the hematology analyzer GENS (Coulter) two
hours after blood sampling,
(c) Thirty five (35) randomly chosen patients. Blood
samples were analyzed by the hematology analyzer
GENS (Coulter) one, two, three and four hours after
blood sampling.
All blood samples were collected in tubes with potassium ethylenediaminetetraacetate (EDTA) as an anticoagulant. The following hematological parameters were
studied in all blood samples: platelet count (PLT), mean
platelet volume (MPV) and platelet distribution width
(PDW). Impedance resistance was used for the measurement of platelet indices in all blood samples (analyzers
CELL DYNN 1700 and GENS). Blood samples in group
(a) were further analyzed by optical method (CELL
DYNN 3200).
Data were analysed using SPSS 12 software for Windows. Normality of continuous data was determined by
Kolmogorov-Smirnov or Shapiro-Wilk normality test.
All continuous data following normal distribution are
presented as mean (SD, standard deviation). Independent-samples were examined with students’ t-test, OneWay ANOVA, and paired-samples t-test were used for
comparisons in group (a), (b) and (c), respectively. A two
tailed P value <0.05 was considered statistically significant for all comparisons.
Results
Mean values of MPV and PDW were significantly
higher in patients with asserted platelet activation compared to healthy persons in group (a), measured both
by impedance and optical technology (Table 1). Platelet
counts did not show any changes. Comparison of platelet indices between healthy controls and patients in study
group (a) showed a significant increase of MPV and
PDW in patients compared to healthy controls measured
by impedance and optical method (p<0.001).

Figure 1: Mean values of MPV during different trimesters
of pregnancy.

Mean values of PDW and MPV were higher in pregnant women in late pregnancy compared to those in early
pregnancy [study group (b)] (Table 2, Figures 1 and 2).
Only PDW values were significantly higher in women
during the third trimester of pregnancy compared to those
of the first trimester (One-Way ANOVA, P=0.009).

Figure 2: Mean values of PDW during different trimesters
of pregnancy.

Table 1: Platelet indices of the first study subgroups [group (a)].
Method

Impedance

MPV (fl)
Healthy controls
(98)

Patients
(75)

Healthy controls
(98)

Patients
(75)

10.37 ± 1.097

11.4 ± 1.781

17.1 ± 0.81 )

17.85 ± 0.89

p<0.001*
9.82 ± 1.26

Optical

PDW (%)

p<0.001*
10.82 ± 2.09

p<0.001*

MPV: Mean platelet volume (fl); PDW: Platelet distribution width (%)
Results expressed as mean ± SD (Standard Deviation)
* P<0.05
P-values estimated by independent-samples t test

19.47 ± 0.73

20.21 ± 1.25
p<0.001*
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Table 2: Platelet indices among women during different trimesters of pregnancy of group (b).
Trimester

Number

MPV (fl)

PDW (%)

1

st

41

8.99 ± 0.07

16.49 ± 0.42

2nd

32

9.26 ± 0.35

16.72 ± 1.27

3rd

30

9.23 ± 0.07

17.45 ± 0.49

MPV: Mean platelet volume (fl); PDW: Platelet distribution width (%)
Results expressed as mean ± SD (Standard Deviation)

Regarding the indices among women during different trimesters of pregnancy, power analysis performed
showed that for three levels of comparison, with an estimated mean for the MPV of 9 and a standard deviation of
0.16, with 30 participants per group, there is an 99,98%
possibility to detect a difference of 0.25 among the three
groups, if that difference exists. As regards PDW, for
an estimated mean of 16.5 and a standard deviation of
0.73, with 30 participants per group, there is an 80.00%
possibility to detect a difference of 0.55 among the three
groups, if that difference exists.
MPV increased during storage time in study group
(c), while PDW decreased over time (Table 3, Figures 3
and 4). There was a significant increase of MPV in the

35 participants per group, there is an 83.7% possibility to
detect a difference of 0.85 among the four measurements,
if that difference exists. And as regards PDW, for a mean
of 16 and a standard deviation of 0.44, with 35 participants per group, there is an 88.34% possibility to detect
a difference of 0.4 among the four measurements, if that
difference exists.
Discussion
MPV and PDW are easily measured platelet indices,
which increase during platelet activation. In order to obtain a larger surface platelets change in shape during activation. Their shape changes from discoid to spherical.
Pseudopodia are formed as well12. Hematology analyzers

Table 3: Mean values of MPV and PDW during sequential hourly measurements.
Platelet indices

1st hour

2nd hour

3rd hour

4th hour

MPV (fl)

8.9 ± 0.99

9.1 ± 1.2

9.2 ± 0.85

9.2 ± 0.92

PDW (%)

16.6 ± 0.57

16.1 ± 0.7

16.2 ± 0.14

16.25 ± 0.35

MPV: Mean platelet volume (fl); PDW: Platelet distribution width (%)
Results expressed as mean ± SD (Standard Deviation)

fourth measurement compared to the first (P<0.001).
On the contrary PDW showed a significant decrease
(P<0.05), (Table 4).
Regarding the influence of time, power analysis performed showed that for four levels of comparison, during
sequential hourly measurements with an estimated mean
for the MPV of 9 and a standard deviation of 0.99, with

based on impedance technology measure platelet volume
by the deformation of electrical field, which depends on
the platelet vertical diameter. Analyzers with laser optical
technology determine cell (platelet) volume according to
the cross diameter of the cell (platelet)13. Therefore activated platelets seem larger independently of the principle
of measurement.

Figure 3: Temporal changes of MPV during blood storage.

Figure 4: Temporal changes of PDW during blood storage.
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Table 4: Comparison of MPV and PDW values measured
one and four hours after blood sampling.
Platelet indices

1st / 4th hour

MPV

P<0.001*

PDW

P<0.05*

MPV: Mean platelet volume (fl); PDW: Platelet distribution
width (%)
* P<0.05
P-values estimated by paired t-test

Our results agree with the aforementioned data as
well as with the international bibliography4-9,13-16. MPV
was higher in subgroups of (a) study group, where activation of coagulation pathway was certain. However, there
was no significant increase of MPV in women of late
pregnancy compared to those of early pregnancy. Hourly
measurements of MPV in random blood samples showed
an increase of MPV over time, in accordance with other
publications11,17. The temporal increase of MPV during
storage of blood samples is usually attributed to platelet
activation as it is combined with a decrease in platelet
component concentration (MPC). However, platelet degranulation as well as simple platelet swelling can be the
cause of MPC decrease11.
We also observed that PDW was higher in subgroups
of (a) and (b) study groups with certain platelet activation. We ascribed the increase of PDW to platelet anisocytosis, which results from pseudopodia formation. In
recent publications, Ihara et al as well as Khakendar et
al made the same observation in patients with ischemic
heart disease18,19.
Amin et al found that PDW increased in vaso-occlusive crisis in sickle cell disease. They concluded that
megakaryote hyperplasia was responsible for PDW increase20. However, coagulation is activated in vaso-occlusive crisis, possibly causing this increase of PDW.
On the contrary, Beyan and coworkers concluded that
platelet indices should not be used alone as direct indicators of platelet activation21. Their observation was derived
from the lack of correlation of MPV and PDW with optical platelet aggregation responses in healthy volunteers.
According to their results, large platelets did not show
more intense activation in aggregometer. Indeed, large
and variable in size platelets can be observed in several
clinical conditions, such as hemorrhage and myeloproliferative disorders, without simultaneous activation of
coagulation. Moreover, platelets shape and volume are
variable, even in healthy persons. Thus, serial measurements of MPV and PDW would be useful, but impractical for the recognition of progressive platelet activation.
Instead, simultaneous increase of MPV and PDW could
reveal platelet activation, as depicted from our observations.
Finally, it is remarkable that in the present study a
decrease in PDW over storage time in study group (c)
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was found. This observation can lead to the conclusion
that there was no pseudopodia formation during storage
of blood samples. Consequently, there was no platelet
activation, except from single platelet distention and
swelling. This is also supported by the fact that platelet
count was not reduced over time because of aggregates
formation, as expected if platelet activation took place.
Van Cott and coworkers also observed a decreased effect of storage time on PDW22. However, they did not
evaluate this result, as they focused on the other platelet
indices.
In conclusion, MPV and especially PDW increase
during platelet activation, as depicted by automated hematology analyzers. Even though our study sample was
sufficient for revealing significant differences, smaller
and minor differences might have been omitted. PDW
seems to be a more specific indicator of platelet activation than MPV, since it was not elevated during single
platelet distention caused by platelet swelling. The combined use of MPV and PDW could predict activation of
coagulation more efficiently.
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