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Abstract

Aim: This study aimed to investigate whether a biomarker can indicate pulmonary thromboembolism (PTE), which plays a major role in the 
severity and mortality of COVID-19, at the start of treatment.

Methods: A total of 160 adult patients who were admitted to the Chest Diseases Clinic between April 2020 and April 2021 were retrospectively 
included in this study. The patients were divided into three groups: COVID PCR + PTE + (group 1), COVID PCR – PTE + (group 2), and PCR + PTE 
– (group 3). Demographic data and biomarker levels, including D-dimer, ferritin, fibrinogen, troponin-I, C-reactive protein (CRP), neutrophil-to-
lymphocyte ratio (NLR), and platelet-to-lymphocyte ratio (PLR), were obtained from the hospital’s electronic data system. Statistical analyses 
were performed using the STATISTICA 13.0 software package.

Results: No statistically significant differences were found between the patient groups regarding median age, sex, D-dimer, or troponin-I levels 
(p>0.05). Statistically significant differences were observed between some groups in ferritin, fibrinogen, CRP, NLR, and PLR values (p<0.05).

Conclusion: In this study evaluating the potential of biomarkers to indicate pulmonary thromboembolism at the time of diagnosis in SARS-
CoV-2 patients, the parameters that showed statistically significant differences were not considered reliable for early detection of PTE, as 
they may be influenced by multiple factors. Given the limited current data on COVID-19, further studies are needed to clarify these findings.
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Introduction

Coronavirus disease 2019 (COVID-19) is an illness caused by a 
novel coronavirus that first emerged in Wuhan, China, in December 
2019. The main clinical manifestations include fever, dry cough, 
fatigue, myalgia, and dyspnea. Although COVID-19 infection is 
predominantly characterized by pulmonary involvement, disease 
severity may progress to multiple organ failure in some cases.1,2

Therefore, several biomarkers have been used to assess the 
prognosis of COVID-19 infection. Among these are ferritin, 
D-dimer, fibrinogen, C-reactive protein (CRP), and troponin levels, 
as well as neutrophil, lymphocyte, and platelet counts. Previous 
studies have demonstrated that CRP, D-dimer, and ferritin levels 
increase in COVID-19 patients due to hyperinflammation.3 Cardiac 
biomarkers are also widely used in both pulmonary embolism (PE) 
and COVID-19, and elevated troponin levels have been found to 
be associated with increased mortality in COVID-19 patients.4 
Fibrinogen, as an acute-phase reactant and a coagulation factor, 
is also used in the follow-up of COVID-19 patients.5

Although the associations of platelet, lymphocyte, and neutrophil 
levels with inflammation are well known, recent studies have shown 
that the neutrophil-to-lymphocyte ratio (NLR) and platelet-to-
lymphocyte ratio (PLR) are also preferred markers for prognostic 
prediction in COVID-19 patients due to their ease of accessibility.6

COVID-19 has been shown to cause endothelial injury as a result 
of widespread inflammation and hypoxia. Furthermore, it has been 
associated with an increased risk of thrombosis through hemostatic 
changes, including intravascular coagulopathy, pulmonary 
microthrombi, thrombocytopenia, and stasis related to immobility.7

Pulmonary embolism (PE) occurs as a result of thrombus fragments 
detaching from systemic deep veins and obstructing the pulmonary 
artery and/or its branches. It is associated with high mortality and 
morbidity, can be recurrent, and may cause diagnostic challenges; 
however, it is mostly preventable.8 Since the prognosis of COVID-19 
patients with PE is known to be worse, early diagnosis in these 
patients is of great importance.9

Performing advanced diagnostic tests for embolism in all COVID-19 
patients at the time of diagnosis is not a reasonable approach due 
to unnecessary exposure to contrast agents and radiation, as well 
as inefficient use of healthcare resources. To both protect patients 
and ensure optimal resource utilization, a better approach is to 
identify high-risk patient groups for PE and perform advanced 
diagnostic tests only in these patients. Therefore, this study aimed 
to investigate whether any biomarkers measured at the time of 
diagnosis and treatment initiation could indicate the presence of 
PE in COVID-19 patients.

Materials and Methods

Patients who were treated as inpatients at the Chest Diseases 
Clinic between April 2020 and April 2021 were retrospectively 
evaluated. A total of 160 patients were included in the study.

Inclusion criteria were as follows: age ≥ 18 years, confirmed 
COVID-19 PCR positivity, presence or absence of pulmonary 
embolism (PE) confirmed by chest computed tomography (CT), 
and availability of sufficient clinical and laboratory data in the 
hospital’s electronic health record system.

Exclusion criteria were age < 18 years, outpatient follow-up, and 
hospitalization in clinics other than the Pulmonology Clinic. Patients 
with a positive COVID-19 PCR test were divided into two groups 
according to the presence of PE: group 1 (COVID-19 PCR +, PE +, 
n = 36) and group 3 (COVID-19 PCR +, PE −, n = 50). The control 
group (Group 2) consisted of 74 patients who were COVID-19 PCR-
negative and PE-positive.

Demographic characteristics, comorbidities, and biomarkers 
(D-dimer, ferritin, fibrinogen, troponin-I, and C-reactive protein 
[CRP] levels), as well as platelet, lymphocyte, and neutrophil counts, 
and neutrophil-to-lymphocyte (NLR) and platelet-to-lymphocyte 
(PLR) ratios, were obtained and compared among the three groups.

Ethical Approval
This study was approved by the Clinical Research Ethics Committee 
of Mersin University Faculty of Medicine (Date: 09.06.2021, 
Decision No: 420).

Statistical Analysis
The normality of data distribution (D-dimer, ferritin, and other 
quantitative parameters) was tested using the Shapiro–Wilk test. 
Since the data were not normally distributed, the Kruskal–Wallis test 
followed by post hoc pairwise comparisons was applied to determine 
intergroup differences. Differences between sexes were analyzed 
using the Mann–Whitney U test. Categorical variables, such as sex 
distribution among groups, were evaluated using the chi-square 
test. All analyses were performed using STATISTICA 13.0 (StatSoft 
Inc., USA). A p-value < 0.05 was considered statistically significant.

Reporting Guidelines
The study was reported in accordance with STROBE guideline.

Results

A total of 160 patients were included in the study: 93 (58.1%) 
were female, and 67 (41.9%) were male. In group 1, 18 (50%) 
patients were female and 18 (50%) male; in group 2, 50 (67.6%) 
were female and 24 (32.4%) male; and in group 3, 25 (50%) were 
female and 25 (50%) male. No significant sex differences were 
found among patients with COVID-19; however, patients with PE 
were predominantly female. The difference among groups was not 
statistically significant (p>0.05).

The median age of all patients was 72 years (range: 24–97 years). 
The median age was 74 years (32–91) in group 1, 70 years (24–
92) in group 2, and 74.5 years (33–97) in group 3. No statistically 
significant difference in median age was observed among the 
groups (p>0.05). The median age was 74 years for females (24–92) 
and 69 years for males (36–97). Demographic characteristics of 
the patients are summarized in Table 1 and Table 2.

Table 1. Demographic data of the patients

Group
Total p

I II III

Gender

Female
N 18 50 25 93

0.08

% 50.0% 67.6% 50.0% 58.1%

Male
N 18 24 25 67

% 50.0% 32.4% 50.0% 41.9%

Total
N 36 74 50 160

% 100.0% 100.0% 100.0% 100.0%
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D-dimer and troponin I levels did not differ significantly among the 
three groups (p>0.05 for both).

Ferritin levels were higher in group 1 than in group 2 (p=0.008), and 
significantly higher in group 3 than in group 2 (p<0.0001). There 
was no significant difference between groups 1 and 3 (p=0.145). 
In summary, ferritin levels were higher in patients with COVID-19 
(groups 1 and 3) than in those without (group 2), regardless of PE 
status.

Fibrinogen levels were significantly lower in group 2 than in group 
3 (p=0.011). No significant differences were found between groups 
1 and 3 (p=0.067) or between groups 1 and 2 (p=1.00).

CRP levels were significantly higher in group 3 than in both group 
2 (p<0.0001) and group 1 (p=0.01), with no difference between 
groups 1 and 2 (p=1.00).

The NLR was significantly lower in group 2 than in group 3 
(p<0.0001), with no significant differences between groups 1 and 
2 (p=0.084) or groups 1 and 3 (p=0.086).

The PLR was significantly higher in group 3 than in group 2 
(p=0.039), with no significant differences between groups 1 and 2 
(p=0.10) or groups 1 and 3 (p=0.176) (Table 3).

Discussion

Previous studies have demonstrated an increased incidence of 
pulmonary embolism (PE) in COVID-19 infection as a consequence of 
inflammation, immobility, hypoxia, and disseminated intravascular 
coagulopathy.7 Therefore, in this study, the patient groups were 
compared with respect to age, sex, D-dimer, ferritin, fibrinogen, 
troponin, and CRP levels, as well as neutrophil/lymphocyte and 
lymphocyte/platelet ratios, to evaluate the usefulness of these 
parameters in detecting PE among patients with COVID-19. The 
results of this study revealed that none of the examined biomarkers 
could be used to detect pulmonary embolism in COVID-19 infection 
at an early stage.

Except for certain risk factors, PE does not differ significantly 
between men and women.9 In a study by Sharif et al., including 
1,075 PE patients, 69.6% were women.10 This finding is consistent 
with our results, which showed a higher proportion of female 
patients in the PE group. Another study investigating PE incidence 
in COVID-19 patients reported a homogeneous sex distribution 
with no statistically significant difference, consistent with our 
findings.11

In a retrospective study by Silverstein et al., including 2,218 
patients, the mean age was 61.7 ± 20.4 years.12 Similarly, a study 
investigating PE incidence in COVID-19 patients found that the 
mean age in the PE-positive COVID-19 group was significantly 
higher.11 In our study, the median age was 72 years, and there was 
no statistically significant difference between the groups (p>0.05).

According to the 2019 guidelines of the European Society of 
Cardiology and the European Respiratory Society, a negative 
D-dimer test may be used to exclude PE in patients with low clinical 
probability.13 This approach prevents unnecessary exposure to 
radiation and contrast agents and promotes more efficient use of 
healthcare resources. In addition to its role in the diagnosis and 

Table 2. Gender distribution of the cases included in the study 
according to groups

Age

Group N Median Minimum Maximum p

I 36 74.0000 32.00 91.00

0.535
II 74 70.0000 24.00 92.00

III 50 74.5000 33.00 97.00

Total 160 72.0000 24.00 91.00

Table 3. Comparison of laboratory findings among three groups

Group N Missing Median p

D-dimer

I 34 2 1.42 (0.41-4.02)

0.777II 73 1 1.72 (0.78-5.06)

IIII 50 0 1.43 (0.64-5.26)

Ferritin

I 34 2 183.45 (114.47-358.10)

< 0.0001II 66 8 51.70 (25.97-168.67)

IIII 50 0 404.10 (192.57-667.02)

Fibrinogen

I 24 12 330.00 (235.50-480.25)

0.777II 49 25 356.00 (253.00-467.50)

IIII 50 0 483.00 (305.25-655.25)

Troponin-I

I 35 1 9.00 (3.19-26.61)

0.777II 74 0 24.50 (5.22-64.50)

IIII 50 0 18.41 (8.10-165.33)

CRP

I 36 0 52.54 (22.43-106.33)

< 0.0001II 74 0 39.24 (13.04-102.12)

IIII 50 0 117.24 (75.50-180.46)

NLR

I 36 0 5.82 (3.02-12.53)

< 0.0001II 74 0 4.45 (2.53-6.83)

IIII 50 0 7.76 (4.40-12.85)

PLR

I 36 0 155.65 (121.50-240.50)

0.034II 74 0 168.37 (102.72-235.30)

IIII 50 0 212.89 (143.29-370.66)

Abbreviations: NLR= Neutrophil-to-lymphocyte ratio; PLR= Platelet-to-lymphocyte ratio
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follow-up of PE, D-dimer measurement has been shown to have 
potential value in predicting prognosis and mortality in COVID-19.14 
In our study, D-dimer levels were elevated in COVID-19 patients; 
however, PE did not result in a statistically significant difference. 
Likewise, comparison of the three groups revealed no significant 
difference in D-dimer levels. These results suggest that D-dimer 
may be used to predict prognosis in COVID-19 rather than to confirm 
PE. Consistent with previous studies, high D-dimer levels should be 
used to predict mortality, clinical prognosis, and to identify patients 
who may benefit from embolism prophylaxis. Furthermore, low 
D-dimer levels in COVID-19 patients with low clinical probability of 
PE may provide additional accuracy in ruling out PE.

Cardiac biomarkers are commonly used in both PE and COVID-19. 
A meta-analysis of 13 studies including 2,389 patients found that 
elevated troponin levels, as an indicator of cardiac injury, were 
associated with disease severity, intensive care requirement, and 
mortality.15 In our study, elevated troponin levels were detected in 
all three groups, with no statistically significant difference. This 
supports the notion that troponin cannot be used as a biomarker 
for detecting PE in COVID-19 patients. Both COVID-19 infection 
and PE, which are associated with inflammation, are accompanied 
by alterations in ferritin metabolism. According to the clinical 
classification developed by Siddiqi et al., ferritin levels increase 
in stage III (the hyperinflammation phase) of COVID-19.16 In our 
study, ferritin levels were elevated in all groups, but were lower in 
patients with PE alone than in the other two groups; the coexistence 
of COVID-19 and PE did not cause any additional change in ferritin 
levels. The higher ferritin levels observed in COVID-19 patients 
may be attributed to its role as an acute-phase reactant and to its 
association with complications such as PE, disease severity, and 
mortality.

Fibrinogen is known to decrease due to consumption during 
activation of the coagulation cascade in PE.17 Conversely, 
significantly higher fibrinogen levels have been reported in 
COVID-19 infection.18 Our findings are consistent with the literature, 
showing higher fibrinogen levels in COVID-19 patients than in the 
other two groups. The elevated levels may reflect its role as an 
acute-phase reactant, whereas the lower levels in PE patients 
may be due to consumption in the coagulation cascade. Therefore, 
normal or decreased fibrinogen levels in COVID-19 patients may 
indicate the presence of concomitant PE. Although elevated CRP 
levels are common in DVT and PE, primarily due to endothelial 
injury mechanisms, Abul et al. reported that CRP levels in PE 
patients were closely associated with right ventricular dysfunction 
and right-sided survival.19 Elevated CRP levels in COVID-19 have 
also been shown to be associated with mortality and clinical 
prognosis.20 In our study, CRP levels in COVID-19 patients were 
significantly higher than in the other two groups. When the other 
two groups were compared, CRP levels were lower in the PE-only 
group. Given the presence of infection, this is not unexpected, but it 
supports reports suggesting that CRP measurement can be used to 
predict prognosis in COVID-19 during clinical follow-up, although it 
does not provide guidance on concomitant PE.

Neutrophil/lymphocyte and platelet/lymphocyte ratios are easily 
obtainable from routine laboratory tests. Ateş et al. reported that 
these ratios could be used to assess clinical severity in patients with 
PE.21 Similarly, the neutrophil-to-lymphocyte ratio was elevated in 
COVID-19 patients and was associated with higher mortality.22 
Several studies have supported the notion that lymphopenia is a 
marker of poor prognosis in COVID-19. For example, Huang et al. 
identified 1,100 / μL as a threshold value and reported that levels 
below this were associated with severe disease.23 A meta-analysis 
including 3,508 patients found that an elevated platelet/lymphocyte 
ratio was a prognostic factor for disease severity in COVID-19.22 

In our study, the neutrophil/lymphocyte and platelet/lymphocyte 
ratios were significantly higher in the COVID-19 group than in 
the other two groups. However, the expected difference was not 
observed in the group with both COVID-19 and PE. Elevated ratios 
in COVID-19 patients may therefore be more useful for predicting 
disease severity and the need for intensive care or mechanical 
ventilation rather than for diagnosing pulmonary embolism.

Limitations

This study has some limitations. It is a retrospective, single-center 
study.

Conclusion

Our study aims to identify parameters that can be easily used 
in clinical practice to predict the relationship between COVID-19 
and PE. This protects patients from unnecessary tests, excessive 
radiation, and contrast medium exposure, and encourages the 
efficient use of healthcare resources. Furthermore, considering 
the literature, embolism prophylaxis should be initiated in all 
hospitalized and at-risk patients.
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