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Abstract

Introduction. Acute pulmonary embolism (APE) is a serious cardiovascular disease associated with high mortality rates
despite advanced therapeutic options and widely used antithrombotic prophylaxis. The variety of nonspecific symptoms and
comorbidities result in APE not being properly diagnosed in many patients. Therefore, identifying new, easily accessible and
cheap diagnostic markers for the disease is important. Studies conducted for the last decade have undoubtedly confirmed
the role of inflammation and endothelial damage in pathogenesis of APE, and the elevated NLR and PLR values have been
considered as a new markers of inflammation.
Materials and method. Computed tomography pulmonary angiography (CTPA) and routine blood tests were performed
in all the patients, after which neutrophil to lymphocyte ratio (NLR) and platelet to lymphocyte ratio (PLR) were calculated,
based on neutrophil, platelet and lymphocyte counts. Finally, statistical analysis of the results in groups with confirmed
and ruled-out APE was performed.
Results. There were no statistically significant differences in the values of NLR and PLR between patients with confirmed
and ruled-out APE. Chi-square and Mann-Whitney tests were used with p≤0.05 considered significant.
Conclusions. According to the results of this study, it was not possible to demonstrate the usefulness of NLR and PLR in
the diagnostics of APE. To the best of the authors’ knowledge, this is the first study in the literature considering the role of
NLR and PLR in the diagnostics of APE.
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INTRODUCTION
Acute pulmonary embolism (APE) is a severe cardiovascular
disease which most commonly develops secondary to deep
vein thrombosis (DVT) and is a significant cause of morbidity
and mortality worldwide, particularly in patients included
in the risk group [1, 2, 3]. The essence of this illness is partial
or total obstruction of the pulmonary vascular bed as an
effect of presence of a thrombus through the blood flopw to
the pulmonary artery or its branches from peripheral veins.
In the clinical course of APE, the most common symptoms
are dyspnea. dry cough. chest pain. as well as tachypnea and
tachycardia. However. as a matter of fact. many nonspecific
signs can also occur. especially in elderly patients and those
with comorbidities [1, 2]. These symptoms may occur in many
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more common diseases, such as pneumonia. exacerbation of
COPD or cardiac arrhythmias. which is why almost 27% of
patients visited general practitionerbefore hospitalization [4].
Moreover, the time from the onset of symptoms to admission
to hospital was significantly longer among patients who had
first visited a primary care physician [4]. Depending on the
sources. post-mortem examinations show that up to 80% of
APE cases which were the direct cause of death. had not been
properly diagnosed [2, 3].
Identification of blood parameters which may improve the
diagnostics of APE, especially in combination with already
used CT-derived parameters and biochemical markers,
could help improve the general health of the population.
Effective therapeutic interventions and elimination of
adverse outcomes of delayed diagnosis and treatment seem
to be important, particularly in the context of the progressive
aging process of the population and increasing numbers of
surgical procedures performed [2,3].
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OBJECTIVE

Table 2. NLR and PLR values in study groups. Numbers are median.
minimal and maximal value

Considering the role of inflammation and endothelial
damage in the pathogenesis of venous thromboembolism
(VTE), the aim of the study was to investigate the potential
value of NLR and PLR in the diagnostics of APE. Moreover,
detailed analysis of available literature led to the conclusion
that this is the first study to investigate the potential
significance of these ratios in the context of the diagnostics
of APE.

Group A
(n=72)

Group B
(n=88)

p

NLR

5.28 (1.03–43.19)

4.83 (0.04–44.13)

0.631

PLR

258.27 (52.26–1396.15)

224.45 (8.64–726.67)

0.112

MATERIALS AND METHOD
The retrospective analysis included the clinical data of 160
patients hospitalized in the Department of Orthopedics and
Traumatology of the Medical University in Lublin, eastern
Poland. All of them were after large surgical procedures
and/or were long-term immobilized during hospitalization.
In all patients, because of the clinical suspicion of APE,
computed tomography pulmonary angiography (CTPA)
and routine blood tests were performed. Venous blood
samples were taken from upper limbs veins within 24
hours since the occurrence of symptoms and collected
in calcium EDTA tubes. Within 30 minutes after blood
sampling, blood parameters were evaluated by automated
count analyzer. In 72 patients, APE was confirmed based
on CTPA results obtained by a standard protocol used in
the Medical Uniuversity hospital; in 88 patients the PE was
definitely ruled-out (Fig. 1).
The neutrophil to lymphocyte ratio (NLR) and platelet
to lymphocyte ratio (PLR) values were retrospectively
calculated in both groups, based on neutrophil. platelet and
lymphocyte counts; statistical analysis of results obtained was
performed with the SPSS 16.0 statistical package. Chi-square
and Mann-Whitney tests were used with p≤0.05 considered
significant. Analyzed parameters are presented as minimal.
maximal and median.

Figure 2. Distribution of NLR in both groups of patients

RESULTS
The patients were divided into two groups based on the
CTPA results – Group A (72 patients) and Group B (88
patients) – with confirmed and ruled-out APE. respectively.
The basic characteristics of the study groups are summarized
in Table 1. There were no significant differences in gender.
nor by age distribution between groups.
Table 1. Basic characteristic of study groups. Numbers are median.
minimal and maximal value or percentages where indicated

age [years]
females

Group A
(n=72)

Group B
(n=88)

p

65.5 (20–89)

61.0 (21–94)

0.230

48.61%

53.41%

0.546

Table 2 presents the results of NLR and PLR calculations
and statistical analysis. No significant differences in NLR
nor PLR values were revealed between groups. Detailed
distribution of NLR and PLR values in the study groups is
presented in Figures 2 and 3, respectively.

Figure 3. Distribution of PLR in both groups of patients

DISCUSSION AND CONCLUSIONS
Pulmonary embolism as a component of venous
thromboembolism (VTE) is the third most common
cardiovascular disease in Europe. Due to a variety of symptoms,
insufficient availability of CTPA and unknown specific
biochemical markers it still correlates with a high mortality
rate despite widely used antithrombotic prophylaxis [1–4].
According to studies performed in recent years, the
role of inflammation and endothelial damage in the
pathogenesis of APE has been confirmed [5–8]. NLR reflects
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the balance between neutrophils and lymphocytes taking
part in inflammatory response, and its elevated value is
the result of an increased neutrophil count and decreased
lymphocyte count [7, 8]. It is suspected that the development
of a thrombus in a blood vessel is initiated by inflammation
within vessel wall in which granulocyteinflow (caused
by chemoattractants releasing), their degranulation and
reactive oxygen species (ROS) production, are direct causes
of endothelial dysfunction [9–12]. In this way, procoagulants
factors in the vessel wall are released, and then the activated
platelets contribute to a thrombus formation and maintain
its increase [11, 12, 14]. Regarding to neutrophils, their role is
not limited to initiating coagulation – they are immobilized
between platelets and, as an element of the thrombus, they
can recruit other cells to take part in the coagulation cascade,
especially in venous valves where the blood flow is minimal
[7, 12–14]. Moreover, the neutrophils, as well as platelets,
can inhibit natural anticoagulant pathways and reduce
plasma fibrinolytic activity [7, 14] The elevated granulocyte
count was seen to be associated with a much higher risk of
thromboembolism in oncological patients [15]. Lymphopenia,
frequently observed during inflammatory events, is caused by
accelerated apoptosis which is secondary to elevated serum
levels of corticosteroids released by suprarenal glands as a
response to acute stress conditions, such as APE and acute
coronary syndrome [8, 16, 17].
It has also been demopnstrated that an increased level
of cortisol stimulates the production of neutrophils in
bone marrow; however, their accelerated releasing to blood
correlates with immature morphology and incomplete
immunological function [8, 16, 17]. The role of platelets
in development of thrombus had been suspecting since
Virchow and has been already confirmed, but recently an
elevated PLR has been considered as a new marker of systemic
inflammation. as well as platelet parameters, such as MPV,
have been recognized as potentially useful in the diagnostic
of APE [18, 19, 20]. Moreover. it was found that NLR and
PLR values correlate together with endothelial dysfunction
as better indicators of inflammation compared to WBC
count, especially in combination with biochemical markers
[21–24]. It is suspected. that the role of PLR value can be
particularly valuable in clinical practice because it gives
information about both the pathways of APE pathogenesis
– it integrates the information about primary haemostasis
and inflammation [24, 25]. This seems to be more useful than
platelet and lymphocyte counts alone [21–24, 26].
Based on the findings of the aforementioned studies, the
authors hypothesize that PLR and NLR might be easily
accessible and cheap indicators useful in the diagnostics
of pulmonary embolism, which could play a role in daily
clinical practice. Both NLR and PLR are commonly available
in routinely performed laboratory tests in outpatient as well
as inpatient care. The identification of new diagnostic factors,
especially in combination with CT-derived and biochemical
parameters, could help to shorten the time before admission
to hospital, guide effective interventions and avoid adverse
events of delayed treatment, even if the patient presents
unobvious or nonspecific symptoms. However, according to
the results of this study, it is not able possible to demonstrate
the utility of NLR and PLR in diagnostics of APE – there
were no statistically significant differences in the values of
the mentioned parameters between patients with confirmed
and rule- out pulmonary embolism.

On the other hand, it should be mentioned that the
presented study was a single centre retrospective study with
a relatively limited sample size. Considering this fact and the
exploratory nature of the study, the authors maintain that the
diagnostic values of NLR and PLR remain to be evaluated
by further observations and studies which will undoubtedly
be performed.
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