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Abstract

Introduction. Coronavirus disease 2019 (COVID-19) is a disease associated with an
increased risk of thromboembolic complications up to 5 months after infection.

The study aimed to assess the effect of active or recent (defined as within the past 3 months)
COVID-19 on the clinical course of pulmonary embolism (PE) and patients’ survival as
compared to patients with pulmonary embolism without a history or active COVID-19.
Material and methods. Eighty-seven patients diagnosed with pulmonary embolism, and
hospitalized from March 2020 to July 2021 were qualified for the study. The patients were
divided into two groups: 1. COVID (+): patients with an active severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) infection confirmed by the polymerase chain reaction

(PCR) or antigen test in the period no longer than 3 months before the diagnosis of PE (n =



38); 2. COVID (-): patients tested negative for SARS-CoV-2 and without typical history of
infection (n = 49).

The following data were analysed: clinical data, results of computed tomography,
transthoracic echocardiography, ultrasound of deep veins of lower limbs, and results of
laboratory tests (D-dimer, N-termina pro-B-type natriuretic peptide, cardiac troponin I, C-
reactive protein [CRP]). For statistical analysis, Statistica version 13 was used.

Results. Significant differences between the COVID (+) and COVID (-) groups were
observed in the incidence of complete respiratory failure in 39.5% and 6.12% of patients
respectively, p = 0.001 and higher in-hospital mortality 26.3% vs. 4.08%; p = 0.003. The Cox
regression did not reveal any factor significantly associated with in-hospital mortality besides
the previous diagnosis of neoplasm (hazard ratio 3.23; 95% confidence interval: 0.81; 12.95;
p = 0.09).

The COVID (+) group was characterized by significantly higher levels of CRP
(9.43/52.50/113.23 [mg/L] vs. 6.40/24.70/47.40 [mg/L]; p = 0.04).

Conclusions. Patients with COVID-19 and PE present higher mortality than patients without
concurrent or recent SARS-CoV-2 infection. Further studies are warranted to identify specific
factors associated with the observed higher mortality in this population.
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Introduction

Coronavirus disease 2019 (COVID-19), caused by an infection with severe acute
respiratory syndrome-coronavirus-2 (SARS-CoV-2) [1], besides its pulmonary manifestation,
leads to hypercoagulability in many patients, which in turn becomes a significant risk factor
for thrombosis, both in the venous and arterial system [2]. A nearly two-year follow-up of
patients with COVID-19 infection shows that pulmonary embolism (PE) and deep vein
thrombosis belong to the most common thromboembolic complications in patients with
COVID-19. Their incidence is estimated at 20 to 30% in patients in a critical condition [3]
and is significantly higher than in the general population (8%) [4, 5]. Whether PE increases
mortality in COVID-19 patients remains unclear. Due to the high coincidence of SARS-CoV-
2 infection and PE and a relatively high probability of thromboembolic complications even 5
months [6] after the COVID-19 infection, it is essential to identify specific risk factors which
will enable an early diagnosis and implementation of adequate treatment to improve patient

outcomes.



Objectives

The study aimed to assess the effect of active or recent (defined as within the past 3
months) COVID-19 on the clinical course of PE and patients’ survival as compared to patients
with PE without a history of active COVID-19. In addition, an attempt was made to identify

differences between those subgroups.

Material and methods

The initial analysis included 115 consecutive patients diagnosed with pulmonary
embolisms hospitalised at the cardiology department and COVID-19 departments of the
hospital between March 2020 and July 2021. Twenty-eight subjects were excluded from the
further assessment: 7 due to incomplete diagnostic data, 7 due to SARS-CoV-2 infection
following the PE, 13 with COVID-19 defined as typical symptoms and positive antibody
testing and 1 due to transfer to another hospital.

The classification of PE severity and the risk of early (30-day) mortality was based on
the 2019 European Society of Cardiology Guidelines for the diagnosis and management of
acute PE [7].

The patients were divided into two groups:

1. COVID (+): with an active SARS-CoV-2 infection confirmed by the polymerase chain
reaction (PCR) or antigen test in the period no longer than 3 months before the diagnosis of
PE,

2. COVID (-): patients with a negative PCR test for SARS-CoV-2, no typical history of
infection and a negative result of antibody measurement for SARS-CoV-2.

The analysis included anthropometric, clinical, radiologic and laboratory data. The
start of COVID-19 was defined as the date of positive PCR or antigen test.

The statistical analysis was performed with the use of the Statistica software, v13. The
data were presented as mean (+ standard deviation) in case of normally distributed variables,
median (1* quartile, 3" quartile) in case of non-normal distribution and count (percentages) in
case of categorical variables. The Pearson y test was used for nominal variables, the Student’s
t-test was used for normally distributed quantitative variables and the U-Mann-Whitney test
for non-normally distributed quantitative variables. Univariable Cox regression analysis was

applied to determine predictive factors of in-hospital mortality.

Results



The final analysis included 87 subjects (50 men), including 38 COVID (+) patients.
The mean age was 66.6 years (28-98 years). Active infection with SARS-CoV-2 was
confirmed in most patients with the PCR test (94.7%, n = 36). The COVID-19 infection had
typical clinical symptoms in most patients (97.4%, n = 37), including fever, rhinitis, cough,
muscle and joint pain. The median time from the start of COVID-19 to the diagnosis of PE
was 8.5 (£ 13) days. Twelve patients (13.8%) died during hospitalization. There were no
significant differences in anthropometric and baseline clinical parameters, as well as typical
risk factors for PE, besides age older than 65 years old in the COVID (+) group, and previous
history of deep vein thrombosis, which was more frequent in the COVID (-) group. Neither
were any differences observed in the baseline assessment of the PE risk and location and
extension of embolic lesions (data not presented).

The clinical course differed significantly between the COVID (+) and COVID (-)
groups with a higher incidence of respiratory failure and higher all-cause in-hospital mortality
during hospitalisation, which was 5 times higher in the COVID (+) group than in the COVID
(=) group (Table 1). However, in the Cox regression analysis, COVID-19 was not a significant
predictor of death, which probably results from the limited size of the study group. The only
variable significantly associated with mortality was the patient’s age. The COVID (+) patients
presented significantly higher values of C-reactive protein (CRP) (9.43/52.50/113.23 [mg/L]
vs. 6.40/24.70/47.40 [mg/L]; p = 0.04). The Cox regression did not reveal any factor
significantly associated with in-hospital mortality besides the previous diagnosis of neoplasm

(hazard ratio 3.23; 95% confidence interval: 0.81; 12.95; p = 0.09).

Discussion

The results of this study reveal that patients with a diagnosis of pulmonary embolism
and active or recent SARS-CoV-2 infection present higher in-hospital mortality than patients
without a documented infection. More of them are older and without previous history of deep
vein thrombosis, compared to patients without COVID-19.

Currently available literature [8, 9] leaves no doubt that SARS-CoV-2 infection
significantly increases the risk of the development of PE and deep vein thrombosis in the
lower limbs. Some patients were reported to develop PE even on full-dose anticoagulation
[10]. However, the mortality data is not consistent. According to a study supported by the
National Institute of Health of the United States, thromboembolic complications in COVID-
19 patients contribute to higher mortality in this group [2], while according to other authors,

the risk of death estimated based on pooled analyses among patients with COVID-19 and



pulmonary embolism is similar [5] to that in patients without a diagnosed pulmonary
embolism.

According to scientific reports, male sex and high body mass index are risk factors for
pulmonary embolism in patients with COVID; this was not confirmed in this paper. As far as
comorbidities are concerned, no specific risk factor for the development of PE in COVID (+)
patients was isolated. This finds confirmation in the available scientific literature [11]. Based
on the above data the authors conclude that PE in COVID-19 is to a certain degree [12]
affected by SARS-CoV-2 infection as an independent risk factor.

A concurrent inflammatory process (mainly pneumonia) and respiratory failure were
observed significantly more often in the COVID-19 group than in the control group. This is
correlated with an increased CRP level as well as available scientific reports, which also
noticed an increase of other inflammatory parameters (white blood cells, blood platelet,
fibrinogen and activated partial thromboplastin time) [12]. A lower saturation in patients with
a history of COVID-19, not observed in patients with PE without a concurrent SARS-CoV-2
infection, may result from the lung involvement described in computed tomography.

We did not observe significant differences in D-dimer values between the COVID-19
(+) and COVID-19 (-) patients. However, other studies reported that the values of
inflammatory parameters (CRP) and D-dimer in patients with PE and COVID-19 were
significantly increased [11], therefore it requires further studies whether the measurement of
these parameters may contribute to earlier diagnosis of thromboembolic complications among
patients with SARS-CoV-2 or a recent history of such an infection. The consensus of the
European Society of Cardiology Study Group on Biomarkers in Cardiology of the Acute
Cardiovascular Care Association shows the potential usefulness of serial determination of D-
dimers in COVID-19 patients in making decisions regarding diagnostic imaging for
thromboembolic complications and potential modification of anticoagulant treatment [13].
Some studies indicate a prognostic value of the concentration of high-sensitivity troponin I
and N-terminal pro-B-type natriuretic peptide (NT-proBNP), but the advisability of their
routine determination is still under discussion [13-15] and requires further studies. An
increase in the troponin level may result from numerous mechanisms unrelated to myocardial
ischaemia including hypoxia, sepsis, systemic inflammation, pulmonary embolism, adrenergic
hyperstimulation of the heart during cytokine storm, or myocarditis.

What seems to be clinically significant is the fact that the patients of the COVID-19
group were hospitalised longer, although their course of PE was not much more severe. This

leads to a supposition that the SARS-CoV-2 infection is a risk factor for nosocomial



complications contributing to prolonged hospitalisation, which may also affect the risk of
death of these patients.

One of the main limitations of the study is the exclusion of patients hospitalised in the
Intensive Care Unit. Thus, the results should not be extrapolated to the group of patients with
severe course requiring hospitalisation at Intensive Care Unit. Typical diagnostics of
pulmonary embolism were limited for epidemiological reasons. Not every patient with active
SARS-CoV-2 infection received transthoracic echocardiography and ultrasound of the deep
venous system. NT-proBNP was not routinely determined in all the patients but was
dependent on the clinical situation. The study did not assess the mutated SARS-CoV-2
variants that can affect the clinical presentation of the disease, including, most likely, the
incidence of pulmonary embolism.

Patients with COVID-19 and PE present higher mortality than patients without
concurrent or recent SARS-CoV-2 infection. Further studies are warranted to identify specific

factors associated with the observed higher mortality in this population.
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Table 1. Comparison of clinical course, mortality, hospitalization time and biochemical

parameters between COVID (+) and COVID (-) groups

COVID + group COVID - group
Variable
(n = 38) (n=49

In-hospital all-cause

mortality [subjects] 10 (26.3%) 2 (4.08%) 0.003

Respiratory failure
during hospitalization 15 (39.5%) 3 (6.12%) 0.001

[subjects]

Age older than 65
0.88/0.94/0.97 0.92/0.96/0.98 0.56
ears [subjects]
Hospitalization time
(days] 6.00/10.50/16.00 3.00/6.00/10.00 0.32
ays

Previous deep vein

2 (5.26%) 10 (20.4%) 0.04
thrombosis [subjects]
Concurrent
inflammatory process 24 (63.2%) 17 (34.7%) 0.008

[subjects]

2020.75/4538.00/9290.7
D-dimer 1 [ng/mL]J* 2077.5/5249.5/34502.50 - 0.38
D-dimer max 2020.75/4538.00/9290.7
2353.25/5560.00/34502.50 0.40
[ng/mL]° 5

NT-proBNP 1

[pg/mL[
NT-proBNP max

[pg/mL]‘
Troponin 1 [ng/L]¢ 4.00/15.00/49.50 3.75/19.00/73.00 0.74

4.00/16.00/58.00 3.75/21.00/84.75 0.72
CRP [mg/L] 9.43/52.50/113.23 6.40/24.70/47.40 0.04

The data are presented as mean (+ standard deviation) in case of normally distributed variables, median (1*

111.50/356.20/1074.50 141.00/509.40/3129.00 0.16

111.50/356.20/1074.50 141.00/509.40/3129.00 0.16

quartile, 3 quartile) in case of non-normal distribution and count (percentages) in case of categorical variables;
*D-dimer 1 — D-dimer concentration in ng/ml, measured on admission to the hospital; *D-dimer max —
maximum D-dimer concentration in ng/mL during hospitalization; ‘NT-proBNP 1 — N-terminal pro-B-type
natriuretic peptide concentration in pg/mL, measured at hospital admission; ‘NT-proBNP — maximal

concentration of N-terminal pro-B-type natriuretic peptide in pg/mL during hospitalization; “Troponin 1 — the



concentration of high-sensitivity troponin I in ng/L, measured on hospital admission; "Troponin max — the

maximum concentration of high-sensitivity troponin I in ng/L during hospitalization



