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Abstract. – OBJECTIVE: The aim of this 
study was to describe the Computed Tomogra-
phy (CT) features of pulmonary embolism in pa-
tients hospitalized for acute COVID-19 pneumo-
nia and to evaluate the prognostic significance 
of these features.

PATIENTS AND METHODS: This retrospec-
tive study included 110 consecutive patients 
who were hospitalized for acute COVID-19 
pneumonia and underwent pulmonary com-
puted tomography angiography (BTPA) on the 
basis of clinical suspicion. The diagnosis of 
COVID-19 infection was determined by CT find-
ings typical of COVID-19 pneumonia and/or a 
positive result of a reverse transcriptase-poly-
merase chain reaction test.

RESULTS: Of the 110 patients, 30 (27.3%) had 
acute pulmonary embolism and 71 (64.5%) had 
CT features of chronic pulmonary embolism. Of 
the 14 (12.7%) patients who died despite receiv-
ing therapeutic doses of heparin, 13 (92.9%) had 
CT features of chronic pulmonary embolism and 1 
(7.1%) of acute pulmonary embolism. CT features 
of chronic pulmonary embolism were more com-
mon in deceased patients than in surviving pa-
tients (92.9% vs. 60.4%, p=0.01, respectively). Low 
oxygen saturation and high urine microalbumin 
creatinine ratio at admission in COVID-19 patients 
are important determinants of mortality after ad-
justing for sex and age in logistic procedures.

CONCLUSIONS: CT features of chronic pul-
monary embolism are common in COVID-19 pa-
tients undergoing Computed Tomography Pul-
monary Angiography (CTPA) in the hospital. The 
coexistence of albuminuria, low oxygen satura-
tion and CT features of chronic pulmonary em-
bolism at admission in COVID-19 patients may 
herald fatal outcomes.

Key Words:
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monary embolism, In-hospital mortality.

 
 
Abbreviations
PE, Pulmonary Embolism; COVID-19, coronavirus dis-
ease 2019; CRP, C- reactive protein.

Introduction

COVID-19, the virus responsible for the cur-
rent pandemic, mostly affects the respiratory 
system1,2. Although symptoms are not specific, 
common symptoms are non-productive cough, 
fever, myalgia or fatigue, high leukocyte count, 
and radiographic evidence of pneumonia3. Al-
though the majority of infected individuals deve-
lop only mild symptoms or are asymptomatic, in 
others the spectrum of the disease may progress 
to severe pneumonia and multiple organ failure4. 
COVID-19 pneumonia causes systemic hyperin-
flammation and abnormal coagulation profile5. 
In addition, cytokine storm syndrome is thought 
to cause a hypercoagulable state in individuals 
with COVID-196,7. Venous thromboembolism, 
which is a common cardiovascular and/or respi-
ratory complication in hospitalized patients due 
to COVID-19, is one of the known sequelae of the 
disease8. COVID-19 can cause systemic coagu-
lation activation and life-threatening pulmonary 
embolisms9,10. Pulmonary embolism (PE) appears 
to be an important problem in COVID-1911. In su-
spected clinical PE in COVID-19 patients, the phy-
sician should use additional diagnostic methods 
to confirm or exclude PE, even if D-dimer levels 
are within the normal range12. Early detection of 
pulmonary embolism in patients with COVID-19 
infection is important in the management of these 
patients13. New data showing the long-term risks of 
pulmonary vascular sequelae after COVID-19 in-
dicate that the current approach (visual evaluation 
by a single radiologist) used to identify vascular 
abnormalities during the acute phase is not suffi-
cient to detect pulmonary vascular disease, which 
may have an important chronic component14.

Pulmonary embolism is a relatively common 
complication in COVID-19 patients that can incre-
ase the risk of death. The aim of this study was to 
describe the Computed Tomography (CT) features 
of pulmonary embolism in patients hospitalized 
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for acute COVID-19 pneumonia and to evaluate 
the prognostic significance of these features.

Patients and Methods

This retrospective study included 110 conse-
cutive patients who were hospitalized for acute 
COVID-19 pneumonia and underwent Computed 
Tomography Pulmonary Angiography (CTPA) on 
the basis of clinical suspicion. Demographics and 
clinical and laboratory data were obtained from 
electronic hospital medical records.

Contrast-enhanced CT was performed to 
exclude PE when additional oxygen was needed 
in COVID-19 pneumonia patients with limited 
disease extension, when non-contrast CT findings 
could not explain the severity of respiratory fai-
lure15. Additional indications for CTPA were ba-
sed on acute dyspnea, oxygen desaturation (>5% 
decrease from baseline), hemoptysis, syncope, 
chest pain, increase in D-dimer levels, or sudden 
worsening of the patient’s clinical condition16.

Symptoms for COVID-19 pneumonia inclu-
ded dry cough, expectoration, fever >37.3, throat 
pain, dyspnea, fatigue, gastrointestinal symptoms 
(diarrhea, nausea, and vomiting), myalgia, heada-
che, loss of taste, odor17.

Patients were included according to the fol-
lowing criteria: patients over 18 years of age who 
were hospitalized for acute COVID-19 pneumo-
nia and had chest CT angiography performed on 
the basis of clinical suspicion. The diagnosis of 
SARS-CoV-2 infection was made by CT findin-
gs typical of COVID-19 pneumonia and/or by a 
positive reverse transcriptase-polymerase chain 
reaction test18. All initial samples were received 
via nasopharyngeal swab; some patients were 
done a second or third sampling.

Exclusion criteria were: (I) patients with non-con-
trast chest CT scans; (II) patients with artifacts on 
pulmonary CT angiography hindering image qua-
lity; (III) patients who were hospitalized for con-
ditions judged unrelated to COVID-19 infection19.

In addition to general supportive therapy, pa-
tients received therapeutic anticoagulation with 
low molecular weight heparin (enoxaparin) or 
unfractionated heparin in case of glomerular fil-
tration rate <30 mL/min for 3 months.

Multidetector Computed Tomography 
(MDCT)

CT angiograms were taken after injection of 50-
75 mL of high-iodine-containing contrast medium 

(MSCT, Philips Medical System, Brillance 64; 
Best, The Netherlands) in a 64-row scanner. Images 
were made using the 160-250 HU threshold and 
bolus tracking technique in the main pulmonary ar-
tery. Sections of 1 mm section thickness were obtai-
ned in the mediastinal and parenchymal windows20.

Image Analysis
The consensus of two pulmonologists, who did 

not know the clinical data of the patients, was eva-
luated as the reference standard for the diagnosis 
of PE. Embolism (or pulmonary thrombosis) in 
the main or lobar pulmonary arteries as central, 
and those in only segmental or subsegmental 
arteries were categorized as peripheral. The most 
proximal location of the PE determines its ca-
tegory (central or peripheral)21. The following 
features were used to define COVID-19 pneumo-
nia: presence of ground glass opacities (GGO), 
consolidation, GGO/consolidation, air broncho-
gram, vascular or bronchial wall thickening, or 
crazy-paving pattern as peripheral distribution, 
lower lobe dominance, and bilateral multiple fo-
ci22. Signs of acute pulmonary embolism are par-
tial filling defect with acute angle, enlarged com-
plete artery occlusion, polo mint mark, railway 
track mark, triangular subpleural consolidation. 
Signs of chronic pulmonary embolism are partial 
filling defect that makes an obtuse angle with the 
vessel wall, shrunken complete artery occlusion, 
band/web, intimal irregularities, thickened small 
arteries, post-stenotic dilatation, tortuous vessel, 
bronchial collaterals, non-bronchial collaterals, 
variation in the size of segmental vessels, mosaic 
perfusion pattern, bronchial dilatation, chronic 
infarct appearance such as linear band, pleural 
nodule23. The presence of two or more of the 
direct acute or chronic radiologic signs was ac-
cepted as acute or chronic pulmonary embolism 
for this study23. However, cases with almost all 
CT features of acute pulmonary embolism were 
accepted as acute pulmonary embolism on the 
background of chronic disease if they also had 
CT features of chronic pulmonary embolism.

Measurements
Blood samples were obtained within 48 hours 

after admission or at admission. Urine bioche-
mical parameters were measured in spot urine 
within 48 hours of admission.

Statistical Analysis
Data were defined as mean (SD) for continuo-

us variables and as percentage for categorical 
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variables. Fisher’s exact test or Chi-square test 
in comparative analyzes for categorical data we-
re used. For continuous variables, differences 
between groups were compared using the t-test 
or the Mann-Whitney U test according to distri-
bution characteristics. Odds ratios, 95% CI and 
p-values were calculated with logistic regression 
models using stepwise model selection techni-
que. Predictors of mortality were determined by 
logistic regression between age, gender, oxygen 
saturation, lymphocyte count and albuminuria 
level. Univariate analyzes in all cases were first 
performed to identify possible predictors.

All variables that made significant contributions 
to the univariate analysis were included. Finally, 
the main predictors were determined by reducing 
the multivariate model using a stepwise model 
selection technique. p-value <0.05 was considered 
statistically significant. All statistical analyzes wi-
th SPSS Statistics software were performed (ver-
sion 17.0) (SPSS Inc., Chicago, IL, USA).

Results 

Between July 1, and December 30, 2020, 
outpatients referred by the Emergency Depart-
ment underwent 7,136 chest CT scan for the 
suspicion or evaluation of COVID-19 pneumonia 
(Figure 1). 544 patient whose diagnosis was con-
firmed by clinical and chest CT findings specific 
to COVID-19 pneumonia and/or positive reverse 
transcriptase-polymerase chain reaction test was 
hospitalized. 116 patients with clinically suspected 
pulmonary embolism were referred for CT pulmo-
nary Angiogram. Five patients with inconclusive 

CT pulmonary angiography and one patient who 
was considered unrelated to COVID-19 infection 
were excluded from the study. Successful CT pul-
monary angiogram was obtained in 110 patients.

Of the 110 patients, 97 (88.2%) had positive Poly-
merase Chain Reaction (PCR), 1 (0.9%) had positive 
antibody (IgM) and 12 (10.9%) had negative PCR. 
Of the 110 patients, 61 (55.5%) were male, 49 (44.5%) 
were female, and the mean age was 63.3 (13.9) years.

Of the 110 patients, 30 (27.3%) had acute pul-
monary embolism and 71 (64.5%) had CT featu-
res of chronic pulmonary embolism.

36.7% (11/30) of patients with acute pulmo-
nary embolism have CT features of chronic 
pulmonary embolism. Patients with CT features 
of chronic pulmonary embolism had larger main 
pulmonary artery diameter [28.1 (3.7) vs. 25.1 
(3.2), p=0.001, respectively], higher urine mi-
croalbumin creatinine ratio at admission [138.2 
(246.8) vs. 45.6 (41.5), p=0.03, respectively] than 
those with any signs of acute PE.

The clinical features and radiological findings 
of the deceased and surviving patients are given 
in Table I. Of the 14 (12.7%) patients who died 
despite receiving therapeutic doses of heparin, 13 
(92.9%) had CT features of chronic pulmonary 
embolism and 1 (7.1%) of acute PE.

CT features of chronic pulmonary embolism were 
more common in deceased patients than in surviving 
patients (92.9% vs. 60.4%, p=0.01, respectively).

Laboratory findings of deceased and surviving 
patients are given in Table II. Patients who died 
had a higher urine microalbumin creatinine ratio 
(p=0.01), lower lymphocyte count (p=0.001), hi-
gher CRP level (p=0.002), higher urine creatini-
ne level (p=0.002), and lower oxygen saturation 

Table I. Clinical features and radiological findings of COVID-19 patients.

	 Surviving patients	 Deceased patients	 p-value
	 n:96	 n:14
	
Mean age, years Poststetonic dilatation	 61.8±14.0	 74.0±6.0	 0.002
Male sex %	 51.0	 85.7	 0.01
Cerebral %	 6.3	 14.3	 0.2
Oncologic %	 1.0	 0	 0.7
Heart disease %	 8.3	 7.1	 0.8
Lung disease %	 3.1	 14.3	 0.06
Chronic kidney disease %	 3.1	 7.1	 0.4
Cough %	 59.4	 64.3	 0.7
Sputum, %	 5.2	 7.1	 0.7
Dyspnea %	 54.2	 64.3	 0.4
Chest pain %	 3.1	 0	 0.5
Temperature >37.7°C %	 33.3	 42.9	 0.4
Chills %	 31.3	 42.9	 0.3

Table continued
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Table I (continued)

	 Surviving patients	 Deceased patients	 p-value
	 n:96	 n:14
	
Syncope/presyncope %	 1.0	 0	 0.7
Hemoptysis %	 0	 0	
Fatigue %	 88.5	 85.7	 0.7
Body Pain %	 68.8	 78.6	 0.4
Sore throat %	 34.4	 14.3	 0.1
Headache %	 16.7	 0	 0.09
Gastrointestinal symptoms %	 12.5	 14.3	 0.8
Loss of taste, odor %	 20.8	 21.4	 0.9
Oxygen saturation at admission	 91.3±5.8	 86.0±8.2	 0.003
Pulmonary artery diameter	 26.7±3.5	 28.8±5.0	 0.05
Enlarged complete artery occlusion %	 31.3	 21.4	 0.4
Polo mint %	 15.6	 0	 0.1
Railway track %	 6.3	 0	 0.3
Partial filling defect with acute angle %	 32.3	 7.1	 0.05
Triangular subpleural consolidation %	 25.0	 7.1	 0.1
1. Internal air lucency %	 25.0	 7.1	 0.1
2. Broad pleurally based %	 25.0	 7.1	 0.1
3. Truncated apex %	 10.4	 7.1	 0.7
4. Convex border of apex %	 7.3	 0	 0.2
5. Linear stranding from apex to hilum %	 16.7	 7.1	 0.3
6. Thickened vessels leading to the apexof the opacity %	 13.5	 0	 0.1	
Eccentric filling defect %	 16.7	 42.9	 0.02
Shrunken complete artery occlusion %	 58.3	 92.9	 0.01
Thickened small arteries%	 62.5	 92.9	 0.02
Poststenotic dilatation %	 44.8	 78.6	 0.01
Band/web %	 20.8	 28.6	 0.5
Tortuous vessel %	 11.5	 28.6	 0.08
Bronchial collaterals %	 8.3	 14.3	 0.4
Nonbronchial collaterals %	 2.1	 7.1	 0.2
Unilateral pleural effusions %	 0	 0	
Bilateral pleural effusions %	 2.1	 14.3	 0.02
Chronic infarct appearance such as linear band, pleural nodule %	 25.0	 35.7	 0.3	
Peripheral parenchymal densities %	 8.3	 14.3	 0.4
Variation in the size of segmental vessels %	 3.1	 0	 0.5
Bronchial dilatation %	 1.0	 7.1	 0.1
Mosaic perfusion pattern %	 19.8	 57.1	 0.002
Central pulmonary arteries %	 11.5	 7.1	 0.6
Lobar %	 6.3	 14.3	 0.2
Segmental %	 57.3	 64.3	 0.6
Subsegmental %	 15.6	 14.3	 0.8
Unilateral pleural thickening %	 3.1	 0	 0.5
Bilateral pleural thickening %	 3.1	 14.3	 0.06
Pericard %	 2.1	 0	 0.5
Atelectasis %	 1.0	 0	 0.7
Chronic pulmonary embolism %	 60.4	 92.9	 0.01
GGO %	 76.0	 71.4	 0.7
Consolidation %	 2.1	 0	 0.5
GGO mixed consolidation %	 18.8	 21.4	 0.8
Air bronchogram %	 7.3	 14.3	 0.3
Vascular or bronchial wall thickening %	 20.8	 7.1	 0.2
Crazy paving pattern %	 6.3	 28.6	 0.007
Plasma %	 9.4	 0	 0.2
Antiretroviral %	 97.9	 92.9	 0.2
Hydroxychloroquine %	 84.4	 85.7	 0.8
Anti–IL-6 drugs (tocilizumab) %	 5.2	 7.1	 0.7
Intensive care unit admission %	 5.2	 71.4	 0.0001
Oxygen therapy %	 83.3	 100	 0.09
Noninvasive ventilation	 7.3	 85.7	 0.0001
Mechanical ventilation %	 1.0	 78.6	 0.0001
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(p=0.001) than survivors. Low oxygen saturation 
and high urine microalbumin creatinine ratio at 
admission in COVID-19 patients are important 
determinants of mortality after adjusting for sex 
and age in logistic procedures (Table III). The 
characteristic CT angiography findings of those 
who have died is seen in Figures 2-24.

Discussion

The present study indicated that CT features 
of chronic pulmonary embolism are common 
in hospitalized COVID-19 patients undergoing 
CTPA. In addition, these patients have a larger 
main pulmonary artery diameter and higher uri-
ne microalbumin level than patients with acute 
pulmonary embolism. CT features of chronic pul-
monary embolism in present patients are not very 
likely to occur with COVID-19 pneumonia. It can 
be thought that COVID-19 is more serious in pa-

tients with chronic pulmonary embolism and the-
se patients need more hospital treatment. Severe 
COVID-19 pneumonia occurring in these patien-
ts may switch chronic vascular disease from the 
compensated stage to the decompensated stage. 
Most of the studies24-29 in the literature are related 
to acute pulmonary embolism co-occurring with 
COVID-19 infection. Later studies14,30-33 focused 
on chronic vascular diseases developing after 
COVID-19 infection. What is investigated here 
is related to how many cases of acute pulmo-
nary embolism with COVID-19 may develop 
chronic thromboembolic pulmonary hyperten-
sion (CTEPH). However, our study suggests that 
these patients with pre-existing chronic vascular 
changes may develop CTEPH much higher than 
expected. The important shortcoming of our study 
is that echocardiography (ECHO) evaluation was 
not performed in the 3rd month of the patients’ 
treatment. We could have had preliminary infor-
mation about the development of CTEPH with a 

Table II. Laboratory findings of COVID-19 patients.

	 Surviving patients n:96	 Deceased patients n:14	 p-value

Ferritin n:94/13	 479.7±388.2	 805.1±670.1	 0.1
Microalbumin / creatinine n:76/9	 72.9±100.9	 407.3±494.6	 0.07
Microalbumin n:76/10	 51.2±79.2	 244.6±213.4	 0.01
Microprotein / creatinine n:60/7	 404.5±487.9	 1,309.4±1,486.6	 0.1
Urine creatinine n:55/8	 77.2±54.0	 129.1±118.0	 0.2
Urine quantitative protein n: 60/7	 250.3±316.0	 615.2±515.5	 0.1
Glucose n:90/13	 153.7±77.6	 176.2.0±75.7	 0.3
HbA1c n:73/10	 6.6±1.3	 6.9±1.1	 0.5
Hb n:96/14	 13.0±1.7	 12.9±1.7	 0.8
White blood cell count mm2 n:96/14	 8,529.4±3,730.7	 13.448.5±7,562.6	 0.03
Lymphocyte n: n:96/14	 1,210.4±677.2	 598.5±241.0	 0.0001
Thrombocyte n:96/14	 297.2±132.0	 307.2±178.5	 0.8
Ttriglyceride n:86/11	 140.7±79.8	 125.6±60.2	 0.5
cholesterol n:86/11	 170.4±48.2	 131.0±42.5	 0.01
HDL n:86/11	 41.5±11.8	 36.9±9.8	 0.2
LDL n:86/11	 99.7±35.6	 68.5±30.4	 0.007
D-Dimer n:96/14	 1,634.4±4,045.0	 1,106.8±1,024.0	 0.6
Procalcitonin n:88/13	 0.38±1.4	 0.42±0.45	 0.9
CRP n:96/14	 69.4±54.2	 142.5±88.7	 0.009
Creatinine n:96/14	 0.92±0.32	 1.40±0.81	 0.04
RDW n:96/14	 13.9±2.0	 14.0±1.4	 0.8

Data are mean (standard deviation).

Table III. The predictors of mortality for COVID-19 after adjusting for gender and age in logistic procedures.

COVID-19	 OR (95% CI)	 p-value

Microalbumin at admission	 1.0 (1.0 to 1.0)	 0.001
Oxygen saturation at admission	 0.8 (0.7 to 0.9)	 0.0001

Multivariate logistic model showing adjusted odds ratios of statistically significant variables with confidence intervals (CI). Non-
significant variables considered for inclusion included age, gender, and lymphocyte count.
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previous ECHO assessment. It may be difficult to 
evaluate pulmonary arteries for chronic vascular 
changes in CT angiography with widespread pa-
renchymal densities due to COVID-19, but igno-
ring their presence is an important obstacle to the 
full definition of the picture. New data showing 
the long-term risks of pulmonary vascular seque-
lae after COVID-19 indicate that the current ap-
proach (visual evaluation by a single radiologist) 
used to identify vascular abnormalities during the 
acute phase is not sufficient to detect pulmonary 
vascular disease, which may have an important 
chronic component14. Diagnosis and treatment 
of CTEPH or chronic thromboembolic disease is 

difficult in developing countries, so patients con-
tinue their lives with alternative diagnosis such as 
asthma, chronic obstructive pulmonary disease 
(COPD) and wrong treatment34. In our country, 
the diagnosis of chronic pulmonary embolism is 
rarely made, and it is rarely treated appropriately. 
Dual-Energy CT Angiography (DECT) revealed 
pulmonary artery thrombus, mainly in the seg-
mental arteries (83%), in 34% of patients, and 
parenchymal ischemia unrelated to the presence 
of visible pulmonary artery thrombus in 68% 
of patients, which may reflect microthrombosis 
associated with COVID-19 pneumonia19. These 
data support the present study. With the wide-

Figure 1. Study flow chart.
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Figure 4. KE. 76 years old male patient, PCR (+). a-b, 
(zoomed in): acute thrombus in the anterior trunk of the 
right upper lobe (arrow).

Figure 3. KE. 89 years old male patient, Antibody Positive. 
a-b, (zoomed in): web view in the right lower lobe basal 
posterior segment artery (arrow).

Figure 2. Gİ, 69 years old female patient, PCR (+). 
a-b, (zoomed in): total occlusion in the lingular segment 
artery (arrow).

Figure 5. MT. 76 years old male patient, PCR (+). a-b, 
(zoomed in): web view of left upper lobe apical segment 
artery (arrow).

Figure 7. NK. 68 years old male patient, PCR (+). a-b, (zoomed in): 
focal stenosis of right lower lobe superior segment artery (arrow).

Figure 6. a-b, (zoomed in): web view of the right lower 
lobe basal posterior segment artery (arrow).
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Figure 8. a-b, (zoomed in): abrupt narrowing in left lower 
lobe segment artery (arrow).

Figure 9. NK. 68 years old male patient, PCR (+). a-b, (zoomed in): 
total occlusion in the right and left lower lobe segment artery (arrows).

Figure 12. AU .71 years old male patient, PCR (+). 
a-b, (zoomed in): web appearance in the right lower lobe 
segment artery (arrow).

Figure 11. MB. 70 years old male patient, PCR (+). a-b, 
(zoomed in): Poststetonic dilatation and total occlusion in 
the segmental arteries of the left upper lobe (arrows).

Figure 10. a-b, (zoomed in): intimal irregularity of the left 
upper lobe posterior segment artery (arrow).

Figure 13. HS.73 years old male patient, PCR (+). a-b, 
(zoomed in): bilateral pleural effusion, more on the right 
and web view of the right lower lobe segment artery (arrow).
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Figure 14. a-b, (zoomed in): band appearance in the right 
upper lobe segment artery (arrow).

Figure 15. GE. 82 years old female patient, PCR (+). a-b, 
(zoomed in): total occlusion in the right lower lobe superior 
segment artery (arrow).

Figure 16. a-b, (zoomed in): web appearance in the right 
lower lobe basal posterior segment artery (arrow).

Figure 17. GK. 72 years old male patient, PCR (+). a-b, 
(zoomed in): total occlusion in the right lower lobe superior 
segment artery (arrow).

Figure 18. a-b, (zoomed in): stenosis (arrow) and 
web view (long arrow) in the left upper lobe anterior 
segment artery.

Figure 19. ZA. 77 years old male patient, PCR (+). a-b, 
(zoomed in): poststetonic dilatation in the right upper lobe 
apical segment artery (arrow).
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spread use of pulmonary DECT angiography, it 
is possible that a much higher rate of peripheral 
thrombus can be detected in COVID-19 pneumo-
nia. We could not notice any information in the 
literature about chronic vascular changes in CT 
of COVID-19 patients. However, two studies35,36 

in patients with COVID-19 have shown that the 
enlargement of the pulmonary artery diameter, 
which is an indirect sign of chronic pulmonary 
embolism, is associated with mortality.

In studies24-29,37, the incidence of acute pulmo-
nary embolism in COVID-19 patients varies between 
1.9% and 35.3%. In another retrospective study38, 
the cumulative incidence of pulmonary embolism 
increased to 50% in the intensive care unit (ICU). In 
a meta-analysis39, the incidence of in-hospital PE (or 

Figure 20. a-b, (zoomed in): web appearance in the right     
lower lobe segment artery (arrow).

Figure 21. MAT. 76 years old male patient, PCR (+). a-b, 
(zoomed in): tortuous view and thinning in the left upper 
lobe segment artery (arrow).

Figure 22. HİG. 68 years old male patient, PCR (+). a-b, 
(zoomed in): focal stenosis in the right pulmonary artery 
(arrows).

Figure 23. a-b, (zoomed in): band appearance in the right 
lower  lobe basal posterior segment artery (arrow).

Figure 24. Coronal contrast-enhanced CT scan shows 
bilateral ground glass opacities.
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pulmonary thrombosis) among general wards and 
intensive care unit patients was 14.7% and 23.4% of 
cases, respectively. Segmental/subsegmental pulmo-
nary arteries in the pulmonary embolism cases in 
this study were involved more frequently than the 
main/lobar arteries39. The rates in these studies are 
similar to the incidence of acute pulmonary embo-
lism in our study. In an autopsy study40 performed 
on 11 patients who died, thrombus was detected in 
small and medium-sized pulmonary arteries in all 11 
patients. Wichmann et al1 reported pulmonary mi-
crothrombi in 100% of COVID-19 autopsy cases. In a 
study41 of lung samples from patients who died from 
COVID-19, histological features of vascular wall thi-
ckening in the pulmonary arteries were detected. The 
authors suggested that some people infected with this 
virus may become susceptible to developing clinical-
ly significant pulmonary arterial hypertension in the 
future42. As can be seen, autopsy studies1,40,41 partially 
support our current study. However, studies investi-
gating organized thrombi in the pulmonary arteries 
of patients who died from COVID-19 are needed.

The clinical picture in patients with CT features 
of chronic pulmonary embolism may be an acute 
presentation of the underlying chronic disease. In 
COVID-19, direct activation of the coagulation ca-
scade by a cytokine storm may develop pulmonary 
artery thrombus1,43. In COVID-19, pulmonary artery 
thrombus may develop with inflammatory mecha-
nisms triggered by alveolar and endothelial damage 
as a result of diffuse alveolar damage44. Endothelial 
damage can occur by host response or by direct viral 
infection of endothelial cells44. In susceptible patients 
with pre-existing endothelial dysfunction associated 
with male gender, smoking, hypertension, diabetes, 
obesity, CTEPH and other cardiovascular disease, 
COVID-19 may be associated with more serious and 
adverse outcomes44. In the presence of chronic vascu-
lar changes, entry of the virus into the endothelium 
may be facilitated, resulting in the development of a 
severe inflammatory response, diffuse pulmonary 
thrombosis, and a life-threatening clinical picture.

In present study, CT features of chronic pulmo-
nary embolism were more common in deceased 
patients than in surviving patients. In addition, 
patients who died have higher urine microalbu-
min creatinine ratio, lower oxygen saturation and 
lower lymphocyte count at admission from survi-
ving patients. Furthermore, oxygen saturation and 
urine microalbumin creatinine ratio at admission 
to COVID-19 are important determinants of mor-
tality after adjusting for sex and age in logistic 
procedures. Albuminuria is thought to be a biomar-
ker of microvascular and macrovascular endothe-

lial dysfunction45. The combination of albuminuria, 
low oxygen saturation and CT features of chronic 
pulmonary embolism in COVID-19 pneumonia at 
admission may be the cause of fatal outcomes with 
more severe endothelial dysfunction.

Limitations
The limitation of our study included its retro-

spective nature, which makes it more difficult 
to draw absolute conclusions. Furthermore, the 
study was conducted in single-center outpatients 
with a relatively small sample size. Another limi-
tation of this study is that right heart catheteriza-
tion or echocardiography was not performed to 
measure pulmonary artery pressure.

Conclusions

CT features of chronic pulmonary embolism 
are common in COVID-19 patients, undergoing 
hospital CTPA and require long-term follow-up. 
The coexistence of albuminuria, low oxygen sa-
turation and CT features of chronic pulmonary 
embolism at admission in COVID-19 patients 
may herald fatal outcomes.
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