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ABSTRACT

Introduction. Pulmonary embolism is one of the most frequent cardiovascular diseases, potentially leading to death. There is
no validated biomarker with both high specificity and sensitivity.

Aim. The aim of the study was to define the diagnostic importance of platelet count (PLT), mean platelet volume (MPV) and
platelet distribution width (PDW) on acute pulmonary embolism.

Material and methods. We retrospectively reviewed the medical records of 145 patients with clinically suspected acute pulmo-
nary embolism admitted to the Emergency Department. Demographic data and laboratory tests were collected on admission.
All patients underwent computed tomography (CT) angiography.

Results. The total data of 145 patients were analyzed, including 65 patients (67417 years; 30 men/35 women) with acute pul-
monary embolism confirmed with CT and 80 patients (67+19 years; 26 men/54 women) with negative CT. The MPV did not
differ between the patients with acute PE and the control group (8.0 fL [IQR: 7.6-8.4] vs. 7.9 fL [IQR: 7.4-8.7], p=0.45). There were
no significant differences in PLT (220x10*/mm?® [IQR: 172-274] vs. 243x10*/mm?® [IQR: 186-286], p=0.12) and PDW (59.0 + 6.9%
vs.57.2 +7.3%, p=0.12).

Conclusions. Our results suggest that platelet indexes (at a single time point) are not a reliable diagnostic biomarkers of acute
pulmonary embolism.
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Introduction thal, lead to chronic disease or it can remain asymp-
Pulmonary embolism (PE) and deep vein thrombosis tomatic.?

(DVT) are 2 manifestations of venous thromboembo- Computed tomography (CT) angiography is the
lism (VTE).! It is one of the most frequent cardio- method of choice for diagnosing the patients with sus-
vascular diseases with an overall annual incidence of pected PE but it is costly and not available 24 hours a
110-130 per 100,000 inhabitants.' In most cases, PE day, 7 days a week in every hospital. Moreover, it is as-
appears as a consequence of DVT and it may be le- sociated with contrast-induced nephropathy and with
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radiation exposure.>* D-dimer testing is sensitive but
not specific for PE.* There is a need to disclose a reli-
able, noninvasive test that can precisely identify patients
with PE.

Mean platelet volume (MPV) is the most commonly
used measure of platelet size and a potential marker of
platelet reactivity and inflammation.® Platelet distribu-
tion width (PDW) represents variation in platelet size.”

Platelets play a significant role in the pathogenesis
of atherosclerosis. MPV is increased in acute coronary
syndrome, mortality following myocardial infarct, rest-
enosis following coronary angioplasty and stroke.®° It
was found that elevated MPV and PDW are also associ-
ated with an early phase of cerebral venous sinus throm-
bosis." Recent pathophysiological studies indicated that
etiopathogenetic mechanism in both venous and arteri-
al thrombogenesis are similar.'? Patients with cardiovas-
cular risk factors for atherosclerosis have increased risk
and severity of unprovoked VTE."

To the present date, no validated biomarkers with
both high specificity and sensitivity have been estab-
lished for acute pulmonary embolism (APE).

Aim

The aim of this study was to investigate the value of
platelet indexes including platelet count (PLT), MPV
and PDW as diagnostic biomarkers for APE in Emer-
gency Department (ED).

Material and methods

Study population

We retrospectively reviewed the medical records of all
adult patients with suspected APE who were admitted
to the Emergency Department of the Clinical Hospital
No. 2 in Rzeszéw in the period from July 2014 to Febru-
ary 2017. The initial evaluation of the patients included
clinical history, symptoms, physical examination, he-
mogram parameters, 12-lead electrocardiography and
D-dimer plasma testing. The Wells score was used for
the prediction of APE." In patients with suspected high-
risk APE (in the presence of shock or persistent hypo-
tension) CT angiography was immediately performed.
The rest of patients were tested for D-dimer plasma level
and in the case of increased level - CT angiography was
accomplished (in accordance with 2014 ESC Guidelines
on the diagnosis and management of APE)."

Smoking was defined as the inhalation of the smoke
of burning tobacco in the amount of at least one cig-
arette per day. Diabetes mellitus was defined in accor-
dance with the European Association for the Study of
Diabetes criteria.'® Arterial hypertension was defined as
a systolic/diastolic blood pressure > 140/90 mmHg or
current use of antihypertensive treatment.'® Family his-
tory of VTE was defined as a confirmed VTE episode in
a first-degree relative. Obesity was defined as body mass

index (BMI) = 30 kg/m* Immobilization was defined as
a bed rest > 2 days. Hospitalization was defined as a hos-
pital stay during the last 30 days.

Blood samples

Blood samples were collected from an antecubital vein
on admission. EDTA- tubes were used for automatic
blood count. The blood count was measured by a Sie-
mens high volume hematology analyzer ADVIA 2120i
(Siemens Healthcare Diagnostics, Eschborn, Germany).
Sodium citrate tube and ACL TOP 500 analyzer (Beck-
man Coulter, Brea, CA, USA) were used for quantitative
D-dimer measurement. Age adjusted cut-off values (age
x 10 ng/ml) for patients over 50 years of age and 500 ng/
ml for other patients were set. As a hospital policy, plate-
let indexes were measured within 1 hour after sampling.

Computed tomography

Multi-detector CT angiography was performed with the
use of GE Revolution 256-slice scanner (General Elec-
tric Company, Boston, MA, USA) and GE Discover
CT750 (General Electric Company, Boston, MA, USA).

Statistical analysis

Data were analyzed using SPSS software ver. 19.0 for
Windows (SPSS Inc., Chicago, IL, USA). In order
to identify the normal distribution, the Kolomogor-
ov-Smirnov and Shapiro-Wilk tests were applied. Cate-
gorical variables were analyzed using the chi-square test
or the Fisher’s exact test (as appropriate). Student’s t-test
was used for variables with normal distribution and the
values were presented as mean + standard deviation
(SD). Continuous variables without normal distribution
were analyzed using the Mann-Whitney U test and the
obtained values were presented as median (50") values
and interquartile ranges (25" and 75%). The Pearson cor-
relation test (Pearson’s r) were calculated for correlation
of parametric variables and the Spearman’s rank correla-
tion test was used for nonparametric variables. The level
of significance for the two-tailed p-value was set below
0.05 and confidence intervals (CI) were 95%.

Results
The baseline characteristics and laboratory measure-
ments of patients are compared in Table 1. There were
no intergroup differences in demographic or clinical
variables. 145 patients were included in this study, with
an average age 67 * 18 years, 61% women. The average
age of patients was similar in both of the groups (67 +
17 vs. 67 + 19; p=0.613). CT angiography was positive in
45% of cases (32.5% women vs. 54% men). APE was di-
agnosed with similar frequency in the female (54%) and
the male sex (46%).

There were no significant differences in PLT (220
x103/mm?® [172-274] vs. 243 x 10°*/mm? [186-286],
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Table 1. Characteristics of the studied groups

Positive CT angiography

Negative CT angiography (n=80)

p-values

(n=65)
Age,y 6717 6719 0.613
Male gender, n (%) 30 (46%) 26 (32.5%) 0.093
Body mass index, kg/m? 26.98 +3.25 2746 £3.75 0.415
Risk factors and comorbidities, n (%)
Smoking 18 (28%) 17 (21%) 0.367
Oral contraceptives or HRT 0 0 1
Arterial hypertension 22 (34%) 31 (39%) 0.542
Family history of VTE 7 (11%) 4 (5%) 0.192
Diabetes mellitus 11 (17%) 13 (16%) 0914
Obesity 15 (23%) 16 (20%) 0.653
Known malignancy 8 (12%) 4 (5%) 0.112
Immobilization 3(5%) 1(1%) 0.219
Hospitalization 6 (9%) 3 (4%) 0.174
Pregnancy or postpartum period 2 (3%) 0 (0%) 0.199
Laboratory parameters
PLT [10*/mm?] 220 (172-274) 243 (186-286) 0.122
MPV [fL] 8.0 (7.6-8.4) 7.9(7.4-8.7) 0.447
PDW [%] mean + SD 59.0+6.9 572473 0.119
Hemoglobin [g/dL] 13.7 (12.1-14.4) 12.9(11.7-14.0) 0.057
WBC [10*/mm?] 9.39(7.8-13) 9.07 (7.19-12.73) 0.472
Creatinine [mg/dL] 0.90 (0.74-1.09) 0.89(0.75-1.26) 0.905
NT-pro-BNP [pg/mL] 1434 (242-5460) no data -
ILOFF:;;:;_T [pg/mL], cut-off value 27 (9-61) no data i
D-dimer [ng/mL] 7483 (3202-16878) 4874 (1935-16727) 0.17

Data are shown as median (interquartile range), mean + standard deviation or number (percentage).
Abbreviations: HRT, hormone replacement therapy; NT-pro-BNP, N-terminal pro-brain natriuretic peptide; MPV, mean
platelet volume; PDW, platelet distribution width; PLT, platelet count; WBC, white blood cells;
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Fig. 1. Comparison of selected parameters in the studied groups. Horizontal lines represent medians (PLT and MPV) or means
(only PDW) of each groups

p=0.122)(Fig.1A) and MPV (8.0 fL [7.6-8.4] vs. 7.9 fL
7.4-8.7], p=0.447)(Fig.1B).

The PDW did not differ between the patients with
APE and the control group (59.0% + 6.9 vs. 57.2 £ 7.3%,
p=0.119)(Fig.1C).

No differences between the groups were found
in other hematological parameters. Hemoglobin lev-
els were similar (13.7 g/dL [12.1-14.4] vs. 12.9 g/dL
[11.7-14.0], p=0.057). White blood cell (WBC) lev-
els did not differ between the groups (9.39 x 10°/mm?

[7.8-13] vs. 9.07 x 10*/mm’ [7.19-12.73], p= 0.472)
(Table 1).

Patients with positive CT angiography had an ele-
vated level of N-terminal pro-brain natriuretic peptide
(NT-pro-BNP) (1434 pg/mL [242-5460]) and T-tropo-
nin (27 pg/mL [9-61]; High-sensitive assay; cut-off val-
ue 14 pg/mL).

D-dimer level was increased in all individuals but there
was no difference between the groups (7483ng/mL (3202-
16878) vs. 4874ng/mL (1935-16727), p=0.17)(Table 1).
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There was a positive correlation between MPV and
PDW (r=0.638, p<0.001) likewise the creatinine lev-
el and age (r=0.345, p<0.05). Negative correlation was
found between PLT and MPV (r= -0.334, p<0.001) and
between PLT and PDW (r=-0.308, p<0.001).

In the group of patients with confirmed APE 7 (11%)
patients met the criteria for high-risk PE and 4 patients
died (6%). We found no differences with regard to the
platelet indexes between high-risk PE patients and oth-
ers, as well as between survivors and non-survivors.

During the collection of blood samples, none of the
patients had international normalized ratio (INR) > 1.2
(data not shown) and none of them declared ongoing
anticoagulant treatment.

Discussion

In this study we investigated the platelet indexes among
patients with suspected APE in ED. However, we did
not observe any differences between the APE group and
others regarding to these parameters.

Recent publications showed the discrepancies in re-
sults concerning the role of MPV in APE and DVT at
diagnosis. Varol et al. showed that MPV was increased
among patients with APE whereas Lippi et al. support-
ed an inverse association between MPV and the risk of
VTE."”* There were differences in the rules of inclusion
criteria and control group between those studies. Ac-
cording to the Quality Assessment of Diagnostic Accu-
racy Studies (QUADAS) in our research the spectrum
of patients included those, who will eventually receive
a new diagnostic test in practice (patients with suspect-
ed APE in ED)." Moreover, we measured platelet index-
es within 1 hour after sampling. It is important because
delaying this test may influence the MPV when EDTA is
used. There is a study which revealed that MPV can be
accurately measured by both methods of anticoagula-
tion (EDTA and sodium citrate) if analysis is performed
within 1 hour after sampling.?® Failure to comply with
these rules may be the cause of existing differences.

Recently, platelets to lymphocyte ratio (PLR) was
found to be a predictor of VTE and proved to be as-
sociated with the severity and long-term outcomes in
patients with APE.** Further studies on larger popula-
tions are necessary.

In our study we found a negative correlation be-
tween PLT and MPV (r= -0.334, p<0.001). Platelets
are involved in thrombus formation. Large platelets are
immature, more adhesive and likely to aggregate than
small ones.?* Their number increase in case of platelets
consumption and good bone marrow compensatory
function. MPV is a parameter of volume and regener-
ation of platelets.

Among patients with positive CT we found elevat-
ed troponin and NT-pro-BNP. It can be associated with
the right ventricular dysfunction among patients with

an APE and it was found to be a significant predictor of
mortality in the above-mentioned individuals.”

Positive predictive value of elevated D-dimer is low
and it is not useful for confirmation of APE. In this study
we confirmed the low specificity of D-dimer in APE di-
agnosing. There was no significant difference between
the group with positive and negative CT angiography
(p=0.17). Pulmonary embolism is pathophysiological
pulmonary circulation disorder syndrome caused by par-
tial or complete occlusion of the pulmonary artery and it
is commonly a consequence of deep vein thrombosis. The
main cause of death in severe stage is acute right ventricle
failure due to pressure overload. Thrombosis begins with
the aggregation of erythrocytes, fibrin and platelets. D-di-
mer is a sensitive marker of acute thrombosis because of
simultaneous activation of coagulation and fibrynolysis.™
The specificity of D-dimer is poor because fibrin is pro-
duced in a variety of conditions such as cancer, trauma,
inflammation, pregnancy and infection. **

Our study has several limitations. Not all of the co-
morbidities and environmental factors that might have
affected platelet count and functions were taken into ac-
count. MPV is believed to be a marker of platelet activity
but it is not specific. It was a single-center, retrospective
study and included a relatively small sample size.

Conclusion

To conclude our results, it can be noted that platelet in-
dexes (at a single time point) are not a reliable indicator
for the diagnosis of APE in the Emergency Department.
Further studies in this matter are necessary.
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