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Background: To date, no validated biomarkers with high sensitivity and specificity have been 

established for diagnosis of pulmonary embolism (PE) in patients with deep venous thrombosis 

(DVT). There is a need to develop simple and reliable noninvasive tests that can accurately iden-

tify patients with PE, even in small hospitals or clinics. The aim of this study was to investigate 

the value of mean platelet volume (MPV) and platelet distribution width (PDW) for predicting 

occurrence of PE in patients with DVT.

Methods: Records of acute DVT patients were reviewed retrospectively. Group 1 consisted 

of 50 patients with acute DVT and group 2 consisted of 50 patients with acute DVT who 

developed PE during follow-up. The control group consisted of patients with uncomplicated 

primary varicose veins of the lower limbs. Venous peripheral blood samples for measurement 

of MPV, PDW, and platelet count were drawn on admission, before the treatment, and at the 

time of PE diagnosis.

Results: MPV and PDW levels at the time of PE diagnosis were higher in group 2 than group 1 

(P,0.001 and P=0.026, respectively). Receiver operating characteristics analysis revealed that 

a 5.2% increase in admission PDW during follow-up provided 70% sensitivity and 82% speci-

ficity (area under the curve, 0.80), and a 6.6% increase in admission MPV during follow-up 

provided 74% sensitivity and 83% specificity (area under the curve, 0.84) for prediction of PE 

occurrence in patients with DVT. PDW and MPV levels at the time of PE diagnosis were found 

to be independent risk factors for the occurrence of PE in patients with DVT.

Conclusion: Serial measurements of MPV and PDW, and percent change in MPV and PDW 

appears to be a useful marker for predicting occurrence of acute PE in patients with a first 

episode of acute proximal DVT.

Keywords: deep venous thrombosis, pulmonary embolism, platelet indices, mean platelet 

volume, platelet distribution width

Introduction
Pulmonary embolism (PE) is the most severe complication of deep venous thrombosis 

(DVT).1 Majority of acute PE is caused by DVT of the lower extremities.2

Thorax computed tomography (CT) scans with contrast agent is regarded as the 

noninvasive gold standard in the detection of acute PE, but is not available in every 

hospital. There is, therefore, a need to develop simple and reliable noninvasive tests 

that can accurately identify patients with acute PE, even in small hospitals or clinics. 

d-Dimer testing is sensitive, but not specific for diagnosing PE.3 To date, no validated 

biomarkers with high sensitivity and specificity have been established for diagnosis 

of PE in patients with DVT.
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Platelets play a major role in the pathogenesis, morbidity, 

and mortality in venous thromboembolism (VTE) and 

atherosclerosis.4,5 Platelet volume indices are simple low-

cost tests, which are measured as part of the complete blood 

counts and are an easy way of accurately assessing platelet 

functions.6 Mean platelet volume (MPV) is a simple and 

accurate marker of platelet activation and platelet function.7,8 

Platelet distribution width (PDW) measures the variability in 

platelet size, and is another marker of platelet activation.9

Previous studies have shown that increased MPV was 

associated with both arterial and venous diseases such as 

myocardial infarction, poor coronary collaterals, stroke, 

and VTE.10–13 Additionally, an elevated level of MPV was 

shown to be related with different kind of diseases such as 

infective endocarditis, rheumatoid arthritis, and gestational 

diabetes.14,15 Increased PDW levels have been reported in 

myeloproliferative disorders, diabetes mellitus, cerebral 

venous sinus thrombosis, and various cardiovascular diseases 

such as coronary artery disease.16–18

The aim of this study was to investigate the value of 

platelet indices including MPV and PDW for predicting the 

development of acute PE after a first episode of acute proxi-

mal DVT. Reference ranges for MPV, PDW, and platelet 

count (PC) may differ between laboratories. Therefore, we 

also investigated the value of percent change in admission 

MPV and PDW levels at the time of PE diagnosis for predict-

ing development of acute PE in patients with a first episode 

of acute proximal DVT. To the best of our knowledge, this 

is the first study to examine the value of percent change in 

admission MPV and PDW for predicting occurrence of PE 

in patients with DVT.

Materials and methods
study population
The study was carried out according to the principles of 

Declaration of Helsinki and approved by the local ethics com-

mittee. Records of acute DVT patients who were admitted to 

Diyarbakir Education and Research Hospital between Janu-

ary 2008 and December 2012 were reviewed retrospectively. 

Patients who had a first-time episode of acute proximal DVT 

(group 1) and patients with a first episode of acute proximal 

DVT who developed non-high risk acute PE during follow-up 

(group 2) were included in the study. Patients with condi-

tions that have been considered to influence platelet indices 

were excluded from the study. The exclusion criteria were 

as follows: patients with chronic DVT, chronic PE, high risk 

PE, ventricular systolic dysfunction, trauma, a new previous 

surgical operation, atrial fibrillation, obesity, malignancy, 

hematological disorders, pregnancy, arterial stroke, periph-

eral vascular disease, infection, acute coronary syndromes, 

chronic renal or hepatic diseases, and diabetes mellitus.

After applying inclusion and exclusion criteria, 50 

consecutive patients who had first-time episode of acute 

proximal DVT (group 1), and 50 consecutive patients with 

a first episode of acute proximal DVT who developed non-

high risk acute PE during follow-up (group 2) were included 

in the study. The control group comprised 50 consecutive 

patients with uncomplicated primary varicose veins of the 

lower limbs.

Diagnosis of DVT was based on direct visualization of 

the thrombus and lack of compressibility on gray scale and 

identification of either a persisting filling defect or throm-

bus in the color column of the vessel lumen or absence of 

flow on Doppler ultrasonography (US). Proximal DVT was 

defined as thrombosis of the popliteal, femoral, deep femoral, 

common femoral and iliac veins, and the inferior vena cava. 

All testing was performed by radiologists with considerable 

experience in Doppler US.

Acute DVT was defined as symptoms present for 14 days 

or less and/or Doppler US indicating the venous thrombosis 

having occurred within 14 days. Acute PE was diagnosed 

when symptoms of PE had been present for no longer than 

14 days before the diagnosis. Acute PE was confirmed by 

contrast-enhanced spiral CT. High risk and non-high risk 

acute PE groups were defined according to the European 

Society of Cardiology guidelines, based on systemic blood 

pressure on admission, the presence of right ventricular 

dysfunction at echocardiography, and elevated plasma tro-

ponin levels.

Obesity was defined as a body mass index (BMI) of 

30 kg/m2 or higher. Hypertension (HT) was defined as 

systolic blood pressure .140 mmHg, diastolic blood pres-

sure .90 mmHg, or use of an antihypertensive medication. 

Hyperlipidemia (HL) was defined as total serum choles-

terol $200 mg/dL and/or low-density lipoprotein (LDL) 

cholesterol  $130 mg/dL and/or history of current use of 

lipid-lowering regimen.

Blood sampling
Blood samples were drawn from the antecubital vein by 

venipuncture using a 21-gauge needle and collected in 

Becton Dickinson Vacutainer tubes containing 3.6 mg of 

K2EDTA (dipotassium ethylenediaminetetraacetic acid). In 

group 1, venous peripheral blood samples for measurement 

of MPV, PDW, and PC were drawn on admission, before the 

treatment, and 7 days after the initial diagnosis. In group 2, 
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venous peripheral blood samples for measurement of MPV, 

PDW, and PC were drawn on admission, before the treatment, 

and at the time of PE diagnosis. According to our laboratory, 

normal values of MPV are between 6.5 and 11.6 fL, normal 

values of PDW are between 9 and 15 fL, and normal values 

of PC are between 150 and 400×103/µL. Glucose, creatinine, 

and lipid profiles were determined by standard methods. An 

automatic blood counter (Sysmex XT 2000i Hematology 

Analyzer; Sysmex, Kobe, Japan) was used for whole blood 

counts. As a hospital policy, MPV, PDW, and PC were 

measured within 1 hour after sampling.

statistical analysis
Statistical analyses were performed using SPSS software 

version 17 for Windows (SPSS Inc., Chicago, IL, USA). All 

variables were investigated using visual (histograms, prob-

ability plots) and analytic methods (Kolmogorov–Smirnov 

test) to determine whether or not they were normally dis-

tributed. Continuous variables were reported as means and 

standard deviation (SD) for normally distributed variables 

and as medians and interquartile range (IQR) for the non-

normally distributed variables. Categorical variables were 

presented using numbers and percentages. The differences 

between groups were analyzed with the Kruskal–Wallis 

test for qualitative variables. Groups were compared by 

one-way analysis of variance (ANOVA) test for normally 

distributed continuous variables and by Kruskal–Wallis test 

for nonnormally distributed continuous variables. When 

a significant difference between groups was observed 

using one-way ANOVA test, post hoc Tukey’s honest 

significant differences test was used to determine the dif-

ferences between the groups. When a significant difference 

between groups was observed using Kruskal–Wallis test, 

Mann–Whitney U-test was used to test the significance of 

pairwise differences using Bonferroni correction to adjust 

for multiple comparisons. Correlation coefficients and their 

significance were calculated using Spearman test for nonnor-

mally distributed and/or ordinal variables and Pearson test 

for normally distributed variables. The logistic regression 

analysis test was used to identify the independent predic-

tors of PE in DVT patients. Hosmer–Lemeshow goodness 

of fit statistics was used to assess model fit. The capacity 

of percent changes in admission MPV and PDW levels 

in predicting PE were analyzed using receiver operating 

characteristics (ROC) curve analysis. Area under the curve 

(AUC) were calculated as measures of accuracy of the tests. 

When a significant cutoff value was observed, the sensitivity, 

specificity, positive predictive value (PPV), and negative 

predictive value (NPV) were presented. A P-value ,0.05 

was considered significant.

Results
The study group consisted of 50 consecutive patients who 

had first-time episode of acute proximal DVT (group 1; 

n=50; 25 males, 25 females; mean age 40.6±9.0 years) 

and 50 consecutive patients with a first episode of acute 

proximal DVT who developed non-high risk acute PE during 

follow-up (group 2; n=50; 24 males, 26 females; mean age 

39.2±12.4 years). Fifty subjects (23 females, 27 males; mean 

age 39.8±12.5 years) with uncomplicated primary varicose 

veins of the lower limbs matched for age, sex, BMI, and 

frequency of concomitant disease served as control group. 

Patient characteristics and laboratory findings for both groups 

at the time of admission are presented in Table 1. The mean 

time from the diagnosis of DVT to PE was 6.2±2.8 days. 

There were significant differences between the three groups 

with regard to white blood cell (WBC) count and PC. PC was 

lower in group 1 and group 2 than control group (P,0.001). 

WBC was higher in group 1 and group 2 than in the control 

group (P,0.001) (Table 1).

A comparison of platelet indices and percent changes 

in platelet indices between groups is shown in Table 2. On 

admission, MPV and PDW levels were significantly higher in 

group 1 and group 2 than in the control group (P=0.002 and 

P,0.001 respectively). There was no significant difference in 

admission MPV (P=0.86) and PDW levels (P=0.8) between 

group 1 and group 2. MPV (P,0.001) and PDW (P,0.001) 

levels at the time of PE diagnosis were significantly higher 

in group 2 than in group 1 and the control group. Percent 

change for MPV levels (Δ%MPV) and percent change for 

PDW levels (Δ%PDW) were significantly higher in group 2 

than in group 1 and the control group (P,0.001) (Table 2). 

There was a strong negative correlation between PC and 

MPV (ρ: -0.66; P,0.001) and a weak negative correla-

tion between PC and PDW (ρ: -0.23; P=0.004). Logistic 

regression analysis showed that PDW levels at the time of 

PE diagnosis (odds ratio [OR], 1.3; 95% confidence interval  

[CI] =1.008–1.7; P=0.04) and MPV levels at the time of 

PE diagnosis (OR, 1.4; 95% CI =1.007–1.9; P=0.04) were 

independent risk factors for the occurrence of PE in patients 

with DVT after adjustment for age, sex, smoking status, BMI, 

and WBC. PDW (OR, 0.88; 95% CI =1.008–1.7; P=0.43) 

and MPV (OR, 0.91; 95% CI =0.64–1.3; P=0.62) levels on 

admission were not risk factors for the occurrence of PE. ROC 

analysis revealed that a 5.2% increase in admission PDW dur-

ing follow-up provided 70% sensitivity and 82% specificity 
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(AUC, 0.80; 95% CI =0.71–0.89; PPV, 79.5%; NPV, 84%; 

P,0.001) and a 6.6% increase in admission MPV during 

follow-up provided 74% sensitivity and 83% specificity 

(AUC, 0.84; 95% CI =0.78–0.91; PPV, 92%; NPV, 86.5%; 

P,0.001) for prediction of development of PE in patients 

with DVT. The ROC curves of Δ%MPV and Δ%PDW are 

shown in Figures 1 and 2 respectively.

Discussion
We demonstrated that MPV and PDW levels at the time of PE 

diagnosis were significantly higher in patients with DVT and 

concomitant PE compared with DVT patients. We also found 

that MPV and PDW levels at the time of PE diagnosis were 

independent risk factors for the occurrence of PE in patients 

with DVT. Additionally, we showed that percent change in 

admission MPV and PDW levels were accurate markers for 

detecting occurrence of PE in patients with DVT.

Previous studies demonstrated increased platelet activa-

tion in patients with PE and DVT.11,12,19,20 Thrombocytes with 

elevated MPV are metabolically and enzymatically more 

active than small platelets. They aggregate more rapidly and 

release greater amounts of vasoactive and prothrombotic 

factors such as thromboxane A
2
, serotonin platelet factor 4, 

adenosine triphosphate, and growth factors. Activated plate-

lets also express a large amount of adhesion molecules such 

as P-selectin glycoprotein 1b and glycoprotein IIb/IIIa.7,21 

Vagdatli et al9 demonstrated that both the PDW and MPV 

are increased in diseases associated with platelet activa-

tion and claimed that PDW was a more specific marker of 

platelet activation than MPV. On the other hand, Beyan 

et al22 investigated the relationship between platelet indices 

(including PC, MPV, PDW, and plateletcrit) and platelet 

aggregation responses and did not find a correlation between 

MPV, PDW, and optical aggregation responses in healthy 

Table 1 Patient characteristics and laboratory findings for both groups at the time of admission are summarized

Patient characteristics Group 1 (n=50) Group 2 (n=50) Control group (n=50) P-valuea P-valueb

age (years), mean ± sD 40.6±9.0 39.2±12.4 39.8±12.5 0.84
sex (M), n (%) 25 (50) 24 (48) 27 (54) 0.83

BMi (kg/m2), mean ± sD 25.6±2.9 25.1±2.6 25.3±2.8 0.66

hT, n (%) 29 (58) 24 (48) 25 (50) 0.51
smoking, n (%) 16 (32) 22 (44) 19 (38) 0.46
hl, n (%) 12 (24) 15 (30) 11 (22) 0.63

glu (mg/dl), mean ± sD 95.2±9.4 94.8±9.7 94.8±8.1 0.96

Cre (mg/dl), mean ± sD 0.9±0.1 1±0.1 0.9±0.1 0.7

WBC count (109/l),  
median (iQR)

8.8 (6.1–10.6) 8.6 (7.7–10.3) 7 (5.8–8) ,0.001 g1 vs g2 P=0.77
g1 vs g3 P,0.001
g2 vs g3 P,0.001

hb (g/dl), mean ± sD 12.7±1 12.8±1 12.73±1.08 0.97
PC (109/l), median (iQR) 254 (198.7–296) 237 (206.5–270.5) 306 (276–344.2) ,0.001 g1 vs g2 P=0.67

g1 vs g3 P,0.001
g2 vs g3 P,0.001

Notes: aP-values for between group comparisons; bP-values for pairwise comparisons. group 1 (g1): patients with deep venous thrombosis; group 2 (g2): patients with 
acute Pe and concomitant DVT; group 3 (g3): control group.
Abbreviations: BMi, body mass index; hT, hypertension; hl, hyperlipidemia; glu, glucose; Cre, creatinine; WBC, white blood cell; hb, hemoglobin; PC, platelet count; iQR, 
interquartile range; sD, standard deviation; Pe, pulmonary embolism; DVT, deep venous thrombosis.

Table 2 Comparison of platelet indices and percent change in platelet indices between groups

Platelet indices Group 1a (n=50) Group 2b (n=50) Control group (n=50) P-value

aMPV (fl), mean ± sD 8.8±1.3 8.7±1 8.0±1.1 0.002

aPDW (fl), mean ± sD 12.8±1.4 12.6±1.4 11.5±1.9 ,0.001

MPV2 (fl), mean ± sD 9.28±1.6 10±1.6 8±1.1 ,0.001

PDW2 (fl), mean ± sD 13.3±1.6 14.1±1.8 11.5±1.9 ,0.001

Δ%MPV, median (iQR) 2.2 (-1.1 to 7.5) 14 (5.5 to 24) 0 (-2.5 to 2.8) ,0.001
Δ%PDW, median (iQR) 2.9 (-0.7 to 8.3) 12.5 (2.8 to 19.5) 0.7 (-1.2 to 1.3) ,0.001

Notes: aPatients with deep venous thrombosis; bPatients with acute Pe and concomitant DVT.
Abbreviations: aMPV, admission mean platelet volume levels; aPDW, admission platelet distribution width levels; MPV2, mean platelet volume levels at the time of Pe 
diagnosis; PDW2, platelet distribution width levels at the time of Pe diagnosis; Δ%MPV, percent change for mean platelet volume levels; Δ%PDW, percent change for platelet 
distribution width levels; iQR, interquartile range; Pe, pulmonary embolism; DVT, deep venous thrombosis.
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volunteers. In the study, large platelets were not found to 

have more intense activation in aggregometer. Also, based 

on earlier findings that platelet shape and volume are vari-

able, even in healthy persons, they suggested that platelet 

indices should not be used alone as direct indicators of 

platelet activation.22

A potential mechanism for increased MPV and PDW 

levels and low PC status in PE patients is increased platelet 

consumption during the evolution of thrombosis. Large 

platelets – characterized by a higher MPV – are released 

from the bone marrow due to thrombopoiesis stimulated by 

inflammatory cytokines such as interleukin-1, tumor necrosis 

factor-alpha, and interleukin-6.23,24 Hypoxemia due to PE 

may be another possible mechanism responsible for platelet 

activation and PDW and MPV elevation. Braekkan et al11 

performed a prospective, population-based study in 25,923 

adults with no prior history of VTE and assessed effects of 

PC and MPV on occurrence of VTE. Participants with a 

higher MPV (MPV $9.5 fL) had a significantly higher risk of 

unprovoked VTE as compared with those with MPV ,8.5 fL. 

Also, an inverse relationship between PC and MPV was 

found.11 Varol et al25 investigated the changes in MPV levels 

and PC in patients with acute PE. They have demonstrated 

that MPV was significantly elevated and PC was decreased 

in patients with PE. Kostrubiec et al20 examined whether 

an elevated MPV level was associated with acute PE. They 

could not find any relationship between elevated MPV lev-

els and PE. On the other hand, MPV values were higher in 

high- and intermediate-risk groups compared with low-risk 

group. Additionally, MPV was shown to be related with 

right ventricular dysfunction and myocardial injury and was 

found to be an independent predictor of early death in PE.20 

Because we excluded patients with ventricular dysfunction 

and myocardial injury, we were unable to examine the rela-

tionship between MPV, PDW, and ventricular dysfunction. 

Hilal et al26 investigated the relationship between MPV and 

the severity of acute PE. Although MPV was found to be 

increased in nonsurvivors, they concluded that a simple 

baseline determination of MPV at a single time point was 

not a good predictor of the severity of PE or for the diag-

nosis of acute PE. They also could not find any relationship 

between total PC and disease severity or mortality in acute 

PE patients.26

Data concerning PDW and PE is limited. Günay et al27 

investigated the role of platelet indices and CT scores in pre-

dicting severity of PE (massive/submassive) and found that 

MPV and PDW levels were correlated with the pulmonary 

artery occlusion level assessed by CT pulmonary arterial 

obstruction index ratio.27

Several previous studies investigated the role of biomark-

ers in the context of PE. Winkler et al28 examined the value 

of N-terminal pro-brain natriuretic peptide (NT-proBNP) 

as a biomarker for acute PE diagnosis in the postoperative 

setting. NT-proBNP was found to be a useful biomarker for 

Figure 1 The ROC curve of Δ%MPV for the detection of pulmonary embolism in 
patients with deep vein thrombosis.
Abbreviations: ROC, receiver operating characteristics; Δ%MPV, percent change 
for mean platelet volume levels.

∆

Figure 2 The ROC curve of Δ%PDW for the detection of pulmonary embolism in 
patients with deep vein thrombosis.
Abbreviations: ROC, receiver operating characteristics; Δ%PDW, percent change 
for platelet distribution width levels.

∆
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acute PE diagnosis in the postoperative setting.28 Xiao et al29 

reported that plasma microRNA-134 could be an important 

biomarker for the diagnosis of acute PE.

The current study differs from prior studies in that it 

was designed to investigate the association between platelet 

indices and acute PE in patients with acute DVT. Second, the 

value of serial measurement of platelet indices and the value 

of percent change in platelet indices in identifying acute PE 

were evaluated in our study.

The present study has several limitations. The most 

important limitation of this study was its retrospective design. 

Moreover, blood samples were collected in EDTA tubes. 

Timing is important when measuring MPV, and optimal 

measuring time should be 60 minutes after venipuncture.30 

The medical records of our study population did not comprise 

any information about the processing time. However, our 

institutional policy dictates that collected bloods should be 

processed within 1 hour after collection.

Conclusion
Serial measurements of MPV and PDW, and percent change 

in MPV and PDW appears to be a useful marker for predict-

ing occurrence of acute PE in patients with a first episode 

of acute proximal DVT. Reference ranges for MPV and 

PDW may differ between laboratories. Therefore, percent 

change in admission MPV and PDW levels may be a more 

accurate marker to identify patients who develop PE after 

DVT compared to a single measurement of PDW and MPV 

levels. Further prospective studies are needed to clarify the 

value of MPV and PDW in identifying the presence of PE in 

patients with a first episode of acute proximal DVT.

Disclosure
The authors report no conflicts of interest in this work.
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