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Abstract. — OBJECTIVE: Pulmonary embo-
lism as a potential complication that may occur
late in the course of COVID-19 cases. The aim of
our study is to evaluate the frequency of pulmo-
nary embolism in patients with new or ongoing
dyspnea after a COVID-19 infection.

PATIENTS AND METHODS: This is a sin-
gle-center, prospective observational study to
evaluate the clinical and radiological outcomes
of consecutive patients presenting outpatient
clinic diseases to the chest and a new or ongo-
ing dyspnea after a COVID-19 infection. Demo-
graphic, clinical and laboratory data were col-
lected. Dyspnea was evaluated according to the
New York Heart Association (NYHA) classifica-
tion.

RESULTS: Pulmonary embolism was detected
in 23.8% (25/105) of patients with new or ongo-
ing dyspnea after a COVID-19 infection. Propor-
tion of pulmonary embolism in patients with NY-
HA classes |, II, lll and IV were respectively 8.7%,
20.0%, 30.0% and 35.3% (p for trend=0.02). Com-
pared to NYHA class | and Il patients with dys-
pnea, those in NYHA classes lll and IV showed
a higher rate of pulmonary embolism [31.6% vs.
14.6%, OR: 2.7 (1.0 to 7.1), p=0.04, respectively].
In Logistic Procedures, NYHA classes of dys-
pnea (OR: 4.3, 95% CI: 1.2 to 16.6, p=0.03) (NY-
HA class Il and IV vs. NYHA class | and Il) deter-
mine the likelihood of pulmonary embolism after
COVID-19 infection.

CONCLUSIONS: Pulmonary embolism is com-
mon in patients with new or ongoing shortness
of breath after a COVID-19 infection. Pulmonary
embolism is more likely to develop in patients
with higher NYHA classes.
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Introduction

The Coronavirus Disease 2019 (COVID-19)
is one of the biggest clinical problems of re-
cent years' COVID-19 can have poor long-term
outcomes and residual disability>*. While the

long-term pulmonary sequelae of COVID-19 are
unknown, the clinically significant pulmonary
vascular sequelae may become a public health
concern*>. There are few studies® investigating
the late sequelae of COVID-19. Thromboembolic
events may occur later in the course of the disease
in COVID-197. In addition, there is growing con-
cern and significant controversy regarding a sig-
nificant chronic fibrotic disease and pulmonary
vascular sequelae among individuals recovering
from COVID-19%.

It is evident that pulmonary embolism devel-
ops with COVID-19 infection. However, it is
not well known whether pulmonary embolism
develops after COVID-19 infection. The aim of
our study is to evaluate the frequency of pulmo-
nary embolism in patients with new or ongoing
dyspnea after a COVID-19 infection.

Patients and Methods

This is a single-center, prospective observa-
tional study, conducted between 10 september
and 30 December 2021, to evaluate the clinical
and radiological outcomes of consecutive patients
presenting outpatient clinic diseases to the chest
with a new (within 3 months) or ongoing dyspnea
after a COVID-19 infection. Demographic, clini-
cal and laboratory data were collected.

The computed tomography pulmonary angiog-
raphy (CTPA) indications were obtained within
72 hours of study entry, based on the presence of
the new or ongoing dyspnea.

Patients (age: 18 years old and above) were
admitted to the study after declaring having
a disease with the typical clinical findings of
COVID-19 infection and/or a real-time positive
reverse transcriptase-polymerase chain reaction
(RTPCR) test.

We excluded the following patients: (1) Those
who developed dyspnea more than 3 months
after being infected with COVID-19, (2) those

Corresponding Author: Mehmet Ekici, MD; e-mail: mehmetekici_@hotmail.com 3751



A. Ekici, M. Ekici, A. Baccioglu, F. Akyuz inanc, H. Aslan

with alternative diagnoses, (3) patients who had
had major surgery or trauma within 3 months,
(4) patients who did not accept pulmonary CT
angiography, (5) those with high creatinine lev-
els, (6) those with pre-existing dyspnea, (7) those
who had had a previous pulmonary embolism, (8)
pregnant women, (9) those who had been taking
anticoagulants for 3 months or more, (10) patients
diagnosed with malignant disease, (11) patients
with psychiatric and terminal illnesses, (12) pa-
tients who did not respond or were not willing to
participate in the study, (13) patients with a life
expectancy shorter than 6 months, (14) those un-
able to give informed consent, (15) patients with
a recent non-contrast CT.

Patients who were appropriate for our study
and who gave informed consent were subjected
to pulmonary CT angiography.

Dyspnea was graded according to the New
York Heart Association (NYHA) classification
and persistent dyspnea was rated as NYHA >
1°. The current study assumes that shortness of
breath developed immediately after or within
three months from the COVID-19 infection is
related to previous infections.

Ventilation function with a turbine spirometer
was measured Nobreath™ Quark (COSMED™,
Rome, Italy). Forced vital capacity (FVC), forced
expiratory volume in 1 second (FEV)), and peak
expiratory flow (PEF) were repeated until three
appropriate recordings (less than 5% difference)
were gained. The highest of these 3 values was
selected for analysis.

Multidetector Computed Tomography
(MDCT)

CT angiograms were taken after injecting 50-
75 mL of high-iodine-containing contrast medi-
um (MSCT, Philips Medical System, Brillance
64, Best, The Netherlands) in a 64-row scanner.
Images were taken using the bolus tracking tech-
nique and 160-250 HU threshold in the main
pulmonary artery. Sections of 1 mm thickness
were obtained in the mediastinal and parenchy-
mal windows'.

Image Analysis

The consensus of two pulmonologists, who did
not know the clinical data of the patients, was em-
ployed as the standard reference for the diagnosis
of pulmonary embolisms (PEs). In the pulmonary
artery tree, the presence of at least one filling de-
fect was defined as PE'""2,

In addition, the following features were used
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to identify parenchymal changes associated with
COVID-19 infection: presence of ground glass
opacities [GGO], consolidation, GGO/consolida-
tion, air bronchogram, vascular or bronchial wall
thickening, crazy-paving pattern, bilateral multi-
ple foci, fibrotic pattern, nodular pattern'.

Measurements
Blood samples were obtained within 48 hours
from the CTPA.

Statistical Analysis

Data were defined as mean + SD for contin-
uous variables and as percentage for categorical
variables. Fisher’s exact test or Chi-square test in
comparative analyzes for categorical data were
used. For continuous variables, differences be-
tween groups were compared using the #-test or
the Mann-Whitney U test, according to distribu-
tion characteristics.

Odds ratios, 95% CI and p-values were eval-
uated with logistic regression models, using a
stepwise model selection technique. Predictors of
mortality were determined by logistic regression
between age, gender, oxygen saturation, lympho-
cyte count and albuminuria level. In all cases,
univariate analysis was conducted to evaluate
possible predictors first.

All important variables in the univariate anal-
ysis were evaluated in the multivariate analysis.
Finally, the main determinants were predicted
by decreasing the multivariate model by a step-
wise model selection technique. All statistical
analyzes were performed using SPSS Statistics
software (version 17.0; Chicago, IL, USA.), and
p-value < 0.05 was accepted as statistically sig-
nificant.

Results

Between 30 August and 15 October 2021,
167 patients applied to the chest diseases outpa-
tient clinic with new or ongoing dyspnea after a
COVID-19 infection (Figure 1). 62 patients were
excluded from the study having exclusion crite-
ria. CT pulmonary Angiogram was successfully
performed in 105 patients [PCR (+), n:72 vs. PCR
(-), n:33].

Pulmonary embolism was detected in 23.8%
(25/105) of patients with new or ongoing dyspnea
after a COVID-19 infection. Baseline character-
istics of patients with pulmonary embolisms are
shown in Table I.
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Figure 1. Flowchart of the study.
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Proportion of pulmonary embolisms in pa-
tients with NYHA classes 1, II, III and IV were
respectively 8.7%, 20.0%, 30.0% and 35.3% (p
for trend=0.02).

Compared with NYHA class I and II patients
with dyspnea, those in NYHA classes III and IV
showed a higher rate of pulmonary embolisms
[31.6% vs. 14.6%, OR: 2.7 (1.0 to 7.1), p=0.04,
respectively].

Compared with those without a pulmonary
embolism, patients with it showed a larger pul-
monary artery diameter (27.9£2.9 vs. 24.843.3,
p=0.001), higher uric acid level (5.1£1.1 vs. 4.6+£1.0;
p=0.03), higher Pro-BNP level (243.84270.2 vs.
78.8£124.0, p=0.001) and a higher glucose level
(150.94103.0 vs. 106.2+40.1, p=0.003).

CT findings about patients with pulmonary
embolism are shown in Table II. Patients with a
pulmonary embolism showed a larger right atrium
(1878.3+434.2 vs. 1402.4+£402.9, p=0.001), right
ventricle (1644.9+567.8 vs. 1381.3+£389.2, p=0.01),
left atrium (2031.62+459.2 vs. 1580.2+430.2,
p=0.001) and left ventricle area (2022.9+635.8
vs. 1602.8+518.2, p=0.001), compared to those
without pulmonary embolisms.

The predictors of pulmonary embolism for
patients with dyspnea after a COVID-19 infec-

tion in Logistic Procedures are shown in Table
IIL. In Logistic Procedures, the NYHA classes of
dyspnea (OR: 4.3, 95% CI: 1.2 to 16.6, p=0.03)
(NYHA class III and IV vs. NYHA class I and 1)
determine the likelihood of pulmonary embolism
after a COVID-19 infection.

Pulmonary embolisms were found to be more
likely to develop in patients previously admitted
in the critical care unit [80.0% vs. 21.0%, OR:
15.0 (95% CI: 1.5-141.8), p=0.003].

CT features of patients with pulmonary embo-
lism are given in Figures 2-4.

Discussion

The present study suggests that pulmonary
embolism is common in patients with new or per-
sistent dyspnea after COVID-19 infection. Dys-
pnea may be ongoing after the initial infection or
may occur weeks or months after an asymptom-
atic period. In addition, pulmonary embolisms
showed to be more likely to develop in patients
with higher NYHA classes. We have not noticed
any studies in the literature related to pulmo-
nary embolisms developed after a COVID-19
infection, but there are cases and case series''S.
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Table I. Baseline characteristics of patients with pulmonary embolism.

Pulmonary embolism Pulmonary embolism
present absent n: 105

(n = 25, 23.8%) (n = 80, 76.2%) p-value
Mean age, years 554+164 427 +13.1 0.001
Male sex % 32.0 23.8 0.4
Body mass index, mean (SD) 30.7+6.2 28.3+4.5 0.03
Smoking status, No. (%)
Active, Former 20.0 25.0 0.6
Days since covid symptoms onset, mean 89.9 + 83.5 83.8+74.4 0.7
Days of onset of shortness of breath after 72+14.4 79+ 143 0.8
COVID infection, mean
Cerebral % 8.0 2.5 0.2
Oncologic % 0 0
Heart disease % 4.0 1.3 0.3
Lung disease % 4.0 0 0.07
Chronic kidney disease % 0 0
Hospitalization 28.0 26.3 0.8
Length of hospital stay 47 +10.0 2.5+5.1 0.1
ICU admission 16.0 1.3 0.003
Cough % 52.0 53.8 0.8
Sputum % 36.0 3255 0.7
Syncope/presyncope % 8.0 6.3 0.7
Hemoptysis % 0 5.0 0.2
Fatigue or muscle weakness % 80.0 65.0 0.1
Sleep difficulties 48.0 36.3 0.2
Hair loss % 16.4 27.5 0.2
Smell disorder % 8.0 7.5 0.9
Palpitations % 56.0 50.0 0.6
Joint pain % 32.0 40.0 0.4
Decreased appetite % 4.0 2.5 0.6
Taste disorder % 4.0 7.5 0.5
Dizziness % 44.0 18.8 0.01
Diarrhea or vomiting 4.0 5.0 0.8
Chest pain % 44.0 51.3 0.5
Sore throat or difficult to swallow % 4.0 1.3 0.3
Skin rash% 0 6.3 0.2
Myalgia% 36.0 30.0 0.5
Headache% 36.0 40.0 0.7
Low grade fever% 4.0 7.5 0.5
Ronchus 8.0 7.5 0.9
Ral 24.0 13.8 0.2
Oxygen saturation 953+29 96.7+ 1.7 0.004
Pulmonary artery diameter 279+29 248+33 0.001
Abnormal ECG 24.0 15.0 0.2
Clot load 4.0+0.7 3.8+0.7 0.5
FVC% 87.0+ 16.4 89.2+14.8 0.5
FEV % 84.5+21.5 83.9+15.0 0.8
FEV /FVC 81.0+9.5 80.6 +8.9 0.8
Uric acid S1+1.1 46+1.0 0.03
Pro BNP 243.8 £270.2 78.8 £ 124.0 0.001
Troponin 0.006 = 0.003 0.005 £0.004 0.5
Glucose 150.9 + 103.0 106.2 +40.1 0.003
D-Dimer 0.90+ 0.8 0.61+0.7 0.09
Hb 13.1+1.9 133+17 0.7
RDW 14.85 £2.1 143417 0.2
Triglyceride n: 205.7+101.6 180.1 £175.2 0.5
Cholesterol n: 211.0 +56.2 187.3 £35.8 0.02
HDL 44.4 +10.7 49.1 £ 11.1 0.09
LDL 1274 +£49.8 105.2+28.9 0.01
CRP 94+8.9 6.4+74 0.1
Creatinine 0.75+0.17 0.71 £0.14 0.2
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Table Il. CT findings of patients with pulmonary embolism.

Pulmonary embolism Pulmonary embolism
present absent n: 105

(n = 25, 23.8%) (n =80, 76.2%) p-value
The RV/LV diameter ratio 0.83+0.18 0.79 £0.14 0.3
Right atria mm? 1878.3 £434.2 1402.4 +402.9 0.001
Right ventricle mm? 1644.9 £ 567.8 1381.3 +£389.2 0.01
Left atria mm? 2031.62 + 459.2 1580.2 +430.2 0.001
Left ventricle mm? 2022.9 £635.8 1602.8 = 518.2 0.001
GGO 20.0 12.7 0.3
Consolidation 4.0 0 0.07
GGO mixed consolidation 0 1.3 0.5
Air bronchogram 0 0
Vascular or bronchial wall thickening 16.0 5.1 0.07
Crazy paving pattern 0 0
Fibrotic pattern 0 2.5 0.4
Nodular pattern 8.0 3.8 0.3
Central pulmonary arteries % 0
Lobar % 4.2
Segmental % 91.7
Subsegmental % 4.2

However, in the follow-up studies lasting from 6
months to 2 years in patients rehabilitated from
severe acute respiratory syndromes (SARS), the
most common abnormality detected was an im-
paired diffusing capacity of the lungs (DLCO),
which ranged from 15.5% to 43.6%17-19. Park
et al*® showed that 37% of Middle East respira-
tory syndrome (MERS) survivors at the 1-year
follow-up still had a deterioration in DLCO. Mo
et al’' evaluated non-critical cases of COVID-19
among survivors discharged 25-40 days after
initial symptoms and found impairment in dif-
fusing capacity in 51 (47.2%) out of 110 cases.
In a prospective study* conducted in Italy, four

Table Ill. The predictors of pulmonary embolism for pa-
tients with dyspnea after a COVID-19 infection in Logistic
Procedures.

Pulmonary
OR embolism
(95% Cl) p-value
Age 1.1 (1.0to 1.1) 0.04
NYHA class 4.3 (1.2 to0 16.6) 0.03
Pulmonary artery 1.2 (1.0to 1.5) 0.03
diameter

Note: Multivariate logistic model showing adjusted odds
ratios of statistically significant variables with confidence
intervals (CI). Non-significant variables considered for
inclusion included age, gender, BMI, smoking, FEV /FVC,
pulmonary artery diameter, oxygen saturation, D-dimer,
pro-BNP, troponin, uric acid and right/left ventricle ratio,
glucose, cholesterol.

months after hospital discharge, carbon mon-
oxide diffusion capacity, used as a marker of
pulmonary-vascular integrity, was low in 52% of
COVID-19 patients. Frija-Masson et al** analyzed
50 patients retrospectively and found an isolated
decreasing in diffusing capacity in 13 (26%) out
of 50 patients after 30 days from the infection.
According to the authors, widespread damage
to alveolar epithelial cells and endothelial cells
due to COVID-19 infection may produce alveolar
and chronic vascular remodeling leading to lung
fibrosis and/or pulmonary hypertension**. Fur-
thermore, the incidence of pulmonary embolism
in COVID-19 patients varied between 1.9% and
35.3% in studies’*?, and the cumulative inci-
dence of pulmonary embolism in the intensive
care unit rose to 50%. In COVID-19, pulmonary
artery thrombus may develop by direct activation
of the coagulation cascade by a cytokine storm?’,
or by inflammatory mechanisms triggered by
alveolar and endothelial damage, as a result of
diffuse alveolar damage”. Endothelial damage
can occur by host response or by direct viral in-
fection of endothelial cells*®. Endothelial damage
and inflammation, which may occur with viral
infection, are likely to lead to late pulmonary
thrombus.

In the current study, pulmonary embolism
is more likely to develop in patients previously
admitted in the critical care unit. In severely ill
patients, more severe inflammation and subse-
quent pulmonary thrombus may develop more
frequently.
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Figure 2. A, Axial reformat image show filling defect in the
right lower lobe segment artery (arrow). B, Axial reformat image
show filling defect in the left lower lobe segment artery (arrow).
C, Bilateral ground glass opacities on axial reformatting image.
56-year-old male patient.

I

Figure 3. A, Axial reformat image show filling defect in the left lower lobe segment artery (arrow). B, Normal parachymal
window on coronal reformatting image. 43-year-old male patient.
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Figure 4. A, Axial reformat image show filling defect in the right lower lobe segment artery (arrow). B, Axial reformatting
image showing normal parenchyma window. 41-year-old female patient.

Limitations

It should be noted that this study had some
limitations. The number of studied patients was
relatively small; moreover, the study was sin-
gle-centered, which may make it difficult to
generalize the results. However, the prospective
nature of the study may still be important.

Conclusions

Pulmonary embolism is common in patients
with new or ongoing dyspnea after COVID-19
infection, which requires developing treatment
strategies. There are significant and graded asso-
ciations between NYHA functional classes and
the incidence of a pulmonary embolism in these
patients, which may guide the physician during
the clinical practice. The potential for pulmonary
vascular sequelae to be a public health concern
should not be underestimated.
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