
Venous thromboembolism (VTE) is a common and serious 
disease associated with high rates of morbidity and mortal-

ity when not treated. VTE includes deep vein thrombosis (DVT) 
and pulmonary embolism (PE). Early diagnosis is required for 
immediate treatment with anticoagulation to reduce the risk of 
embolization as well as recurrent venous thrombotic events. To-
gether, DVT and PE account for 98% of the cases of VTE. 

The mechanism that mediates VTE is distinct from the 
mechanism of arterial thrombosis, but both are sustained by 

development of intraluminal thrombi. The dogmatic distinction 
between red and white clots is inappropriate. Typically, the VTE 
mechanism is derived from a combination of factors of the Vir-
chow’s triad (endothelial dysfunction or damage, hypercoagula-
bility, and stasis).

The thrombus of VTE is associated with red blood cells and 
is fibrin-rich (red clots) in contrast to arterial thrombus (white 
clots), which are built of platelets and fibrin.

In fact, many established clinical VTE factors modulate 
thrombosis through inflammatory mediators.

Platelets are activated in VTE and have a greater prothrom-
botic potential. Recent studies have shown that elevated MPV is 
associated with increased risk of VTE. Platelets have an essential 
role in hemostasis and thrombosis, contributing to the pathogen-
esis of atherothrombosis [1]. When the endothelium is damaged 
the platelets undergo a series of transformations, including an in-
crease in their size above baseline [2]. Some studies have shown 
that platelet activation has a role in the pathology of VTE [3]. 
Mean platelet volume (MPV) is associated with increased risk 
of VTE. The role of MPV as a biomarker of platelet activation is 
not clear in the setting of VTE. A number of studies have found a 
positive correlation between mean MPV and VTE [4-8] and only 
one recent study (the Parma study) found a negative correlation 
[9]. The role of platelet volume in the setting of VTE is still un-
clear and the clinical significance of MPV is limited due to the 
variation in assays and the lack of standardization. The purpose 
of our study was to evaluate the role of MPV in differentiation of 
VTE from non-VTE in the ED, when the clinical presentation is 
of VTE. We have also established what the MPV size limits are in 
our hospital in patients diagnosed with true VTE.

The study was approved by the Galilee Medical Center institu-
tional ethics committee. We conducted a retrospective case-con-
trolled study of 316 VTE consecutive patients (recruited from a 
Galilee Medical Center VTE registry, which was composed of 
VTE patients reported by our Medical Center to the international 



VTE RIETE [Registro Informatizado de pacientes con Enferme-
dad TromboEmbolica]) registry. These patients had presented to 
the ED of Galilee Medical Center, Nahariya, Israel, with a clinical 
picture matching VTE. Patients with previous VTE were exclud-
ed. The definitive diagnosis of VTE was based on clinical, lab-
oratory and imaging data, including duplex sonography, which 
the current standard modality for diagnosis of acute DVT, or an-
gio-computed tomography. Ultrasound was considered normal if 
all segments were fully compressible and the lack of compress-
ibility with filling defect was considered positive for DVT. The 
diagnosis of VTE was made according to the guidelines of the 
American College of Chest physicians (ACCP) using Internation-
al Classification of Diseases-9 (ICD-9) codes. 

The control group was composed of 124 consecutive patients 
who presented to the ED with a picture of clinical VTE but with-
out confirmed VTE, who were recruited from a personal registry 
belonging to the Emergency Department director. The term 

 refers to patients diagnosed with medical con-
dition that excluded high MPV, like ruptured Baker cyst, hema-
toma, minor trauma, tendinitis, for differential diagnosis of DVT 
and compensated chronic heart failure, pulmonary hypertension, 
or right sided heart failure for differential diagnosis of PE. 

All the non-VTE conditions associated with high MPV were 
excluded from both groups (study and control) to enable a more 
accurate link between VTE and MPV values. The selection of our 
control group is the major difference between our study and the 
Parma study, where the control population was represented by out-
patients undergoing routine laboratory testing for health checkup 
[9]. The value of MPV was obtained from complete blood count 
(CBC) analysis which was performed routinely for every patient 
in the ED, on the Advia 2120 (Siemens, Germany). D-dimer was 
assayed by STA®-Liatest® D-DI for STA compact analyzers (Sta-
go, France) by an immunoturbidimetric method, as accepted.

Quantitative data were described by averages and standard 
deviation. Qualitative data were described by frequencies and 

percentage. For comparison of quantitative data independent 
sample -test was used. For comparison of qualitative data chi-
square test was utilized. A receiver operating characteristic 
curves (ROC) was used in order to find an MPV cut off for VTE 
patients. Sensitivity, specificity and positive predictive value 
(PPV) were calculated based on ROC cut off.

Of the 440 patients in the study (316 VTE positive and 124 VTE 
negative), the MPV value (normal values 7.6–11 fl) in the ED was 
greater than the upper normal range (11 fl) in 50 patients (11.4%). 
In patients with and without a final diagnosis of VTE, MPV was 
found to be significantly different. In patients with VTE, 21 (6.6%) 
had an MPV value > 11 fl, while in the control group (124 patients), 
the MPV value was >11 fl 29 patients (23.4%), < 0.001, [Table1]. 
In 253 patients (80%) of the VTE group and 87 (70.2%) of the con-
trols, MPV values were normal (7.6 fl–11 fl),  < 0.031 [Table 1]. 

MPV lower than 7.6 fl was found in 8 patients (6.5%) in the 
control group and in 42 patients (13.3%) in the study group.

Statistically significant differences in mean MPV value were 
also found between the groups: 8.9 ± 1.2 fl in VTE patients and 
10.0 ± 1.3 fl in the control group. This may not be enough for a 
clinical decision because both values are within the normal range.

The distribution of MPV values showed higher values in the 
control group [Figure 1].

In terms of correlation between MPV and DVT risk, we used 
a logistic regression model and found an inverse correlation 
between increased MPV values and the risk for DVT that was 
statistically significant.

To establish an MPV cutoff for VTE, ROC curve was estab-
lished (AUC = 0.738, std. error = 0.028, 95% CI 0.683–0.792, 

 < 0.001) [Figure 2]. 
The sensitivity of the MPV cutoff < 9.7 was found to be 72.2% 

and the specificity was 76.2%. For a cutoff of MPV < 9.5 the sensi-
tivity was found to be 74.7% but the specificity decreased to 66.9%. 
The correlation of MPV values and VTE was examined with a uni-



variate logistic model. We found that as MPV increases, a decrease 
in VTE incidence occurs with an odds ratio (OR) = 0.530, < 0.001.

VTE was found in 87% of patients with MPV values < 9.7 
(228 of 262 patients DVT positive) (OR 6.858, 95%CI 4.308–
10.918,  < 0.001) and in 49.4% of patients with MPV values 
9.7 and higher (88 of 178 patients were diagnosed as VTE) 
(  < 0.001).

Although MPV can be a useful diagnostic marker in many 
diseases, we found no definite association between low MPV 
and VTE. Statistical analysis of the acquired results indicates that 
MPV value cannot aid in the differential diagnosis of real VTE or 
in patients with VTE-like clinical picture presenting to the ED.

Early diagnosis of VTE is crucial for early initiation of treatment 
that can prevent potentially lethal complications. MPV value is 
an easy and inexpensive test, which is available on automated 
cell counters. The aim of this study was to assess whether MPV 
value can help differentiate between VTE and non-VTE patients 
presenting with similar symptoms and assist in early diagnosis. 
Increased MPV may be a predictor of venous thromboembolism 
according to many studies [4-8]. One study [9] found that high 
MPV was associated with a decreased risk of VTE. When plate-
lets act in the pathophysiology of thrombosis and hemostasis, 
they become hyperactive and larger in size [2]. 



We found that MPV measured in the ED is usually lower 
in patients with true VTE, as reported previously in the Parma 
study [9], but in contradiction with many other studies. Our data 
indicate that MPV can be a useful diagnostic marker for many 
diseases. This finding is not the case in clinical assessment of 
VTE. Statistical analysis indicated that MPV value cannot aid in 
the differential diagnosis of real VTE or in patients with VTE-
like clinical picture presenting to the ED. 

The discordance of our data with studies that support the VTE 
predictive value of MPV needs to be clarified. In a recent me-
ta-analysis aimed to clarify a possible diagnostic role of MPV [10], 
a retrospective investigation and case-controlled study was con-
ducted for MPV levels in VTE patients vs. healthy controls. Eigh-
teen cohort studies involving 2187 patient and 2825 controls were 
included. Thirteen of the 18 studies demonstrated that patients with 
VTE had higher MPV than controls. Four studies found no differ-
ence in MPV between patients and controls, and only one publica-
tion (the Parma study) demonstrated a higher MPV in the control 
group, as in our study. The fact that in both the Parma study and 
our study the MPV was measured for the first time in the ED can 
suggest that DVT had developed over the previous days and that 
MPV returned to normal or less after the end of activation. High 
level of platelet-derived microparticles (PMPs) are associated with 
future risk of VTE, suggesting that high plasma levels of PMPs 
are generated from the plasma membrane on platelet activation by 
various stimuli. Platelet activation also causes an increase in MPV. 
The fact that PMPs are leaving the platelets is probably not a suf-
ficient cause to influence decreased MPV. Chen at al. [11] showed 
that microparticles leave only after platelet activation and do not 
influence the MPV. The different results obtained in the various 
studies may originate from differences in methodology, although it 

exclusion are also involved. Many established clinical VTE factors 
modulate thrombosis through inflammatory mediators. MPV may 
increase in a wide variety of very common clinical states or diseas-
es associated with inflammation such as diabetes mellitus, arteri-
al hypertension, and chronic renal failure. It is possible that such 
diseases act as confounding factors in the field of MPV research, 
resulting in conflicting studies. Accordingly, this is one of the lim-
itations in our study. This study was retrospective, and we could 
not eliminate the patients with other diseases known to affect MPV. 
Also, CBC was probably not performed consistently, at 30 minutes 
after venesection, as required to obtain a reliable MPV value. Thus, 
we cannot rule out a possible swelling effect of thrombocytes. This 
finding is valid for studies that found an increase in MPV). 

The type of anticoagulant in blood sample tubes and the type 
of analyzer for platelet volume are not less important in MPV 
value establishment. Nevertheless, we cannot use MPV values 
for early diagnosis of true-VTE. More studies are required to 
clarify this issue.
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