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A B S T R A C T

Introduction: COVID-19 infections are associated with a high prevalence of venous thromboembolism, particu-
larly pulmonary embolism (PE). It is suggested that COVID-19 associated PE represents in situ im-
munothrombosis rather than venous thromboembolism, although the origin of thrombotic lesions in COVID-19
patients remains largely unknown.
Methods: In this study, we assessed the clinical and computed tomography (CT) characteristics of PE in 23
consecutive patients with COVID-19 pneumonia and compared these to those of 100 consecutive control patients
diagnosed with acute PE before the COVID-19 outbreak. Specifically, RV/LV diameter ratio, pulmonary artery
trunk diameter and total thrombus load (according to Qanadli score) were measured and compared.
Results: We observed that all thrombotic lesions in COVID-19 patients were found to be in lung parenchyma
affected by COVID-19. Also, the thrombus load was lower in COVID-19 patients (Qanadli score −8%, 95%
confidence interval [95%CI] −16 to −0.36%) as was the prevalence of the most proximal PE in the main/lobar
pulmonary artery (17% versus 47%; −30%, 95%CI −44% to −8.2). Moreover, the mean RV/LV ratio (mean
difference −0.23, 95%CI −0.39 to −0.07) and the prevalence of RV/LV ratio> 1.0 (prevalence difference
−23%, 95%CI −41 to −0.86%) were lower in the COVID-19 patients.
Conclusion: Our findings therefore suggest that the phenotype of COVID-19 associated PE indeed differs from PE
in patients without COVID-19, fuelling the discussion on its pathophysiology.

1. Introduction

COVID-19 infections are associated with frequent activation of the
coagulation system. This so-called COVID-19 coagulopathy has been
shown to be predictive of poor outcome and excess mortality [1–6].
Moreover, COVID-19 illness is associated with high rates of venous
thromboembolism, particularly acute pulmonary embolism (PE)
[7–14]. This high rate of venous thromboembolic complications is
likely related to the COVID-19 coagulopathy, in combination with well-
known strong thrombotic risk factors including inflammation, hypoxia
and immobilisation, which all become more pronounced in critically ill
patients. Based on autopsy studies, it has been proposed that the in-
flammatory process in the microcirculation of the lung may cause in
situ immunothrombosis [15,16]. This suggests an alternative

explanation to the conventional thromboembolic pathomechanism of
PE [17]. To investigate this hypothesis, we set out to determine the
clinical and computed tomography (CT) characteristics of acute PE in
COVID-19 patients, and compare these to the characteristics of acute PE
in patients without COVID-19 pneumonia.

2. Methods

2.1. Patients and design

We included all adult patients admitted to the Leiden University
Medical Center (LUMC) with polymerase chain reaction (PCR) proven
COVID-19 infection and computed tomography pulmonary angio-
graphy (CTPA) proven acute PE between March 19th and April 14th
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2020. Additionally, we studied a convenience control cohort, in whom
all radiological parameters had been assessed as part of an ongoing
observational study. This control group consisted of 100 consecutive
adult patients with CTPA confirmed acute PE, diagnosed between July
2017 and October 2019 in the LUMC, before the COVID-19 outbreak. In
both cases and controls, CTPA was ordered only upon clinically sus-
pected acute PE. In patients not admitted to the intensive care unit
(ICU) and with suspected acute PE, the YEARS algorithm was applied
and CTPA was performed only if the D-dimer level was above the
threshold [18]. In patients admitted to the ICU and with suspected
acute PE, CTPA was directly ordered without prior clinical probability
scoring. This study was approved by the Institutional Review Board of
the LUMC for observational studies.

2.2. Aims of the study

We aimed to determine the clinical and CT parameters of patients
with COVID-19 associated PE, i.e. the reasons for clinical suspicion of
PE, the location of the pulmonary emboli in the pulmonary artery tree
in general and in relation to COVID-19 affected pulmonary segments,
total thrombus load, right to left ventricular diameter ratio (RV/LV
ratio) and pulmonary artery trunk diameter. We compared the clinical
and CT characteristics of acute PE in COVID-19 patients to those as-
sessed in the control cohort.

2.3. Image acquisition and analysis

CTPA examinations were performed on a 320-multislice detector
row CT scanner (Canon) after iodinated contrast administration. RV/LV
ratio, pulmonary artery trunk diameter and total thrombus load for
both COVID-19 cases and controls were evaluated by an expert thoracic
radiologist (LK) with over 20 years of experience in CTPA reading. The
maximum diameters of both the RV and LV were measured in the
standard axial view in which the maximal distance between the ven-
tricular endocardium and the interventricular septum perpendicular to
the long axis of the heart were assessed. The pulmonary artery trunk
was measured at its largest transverse diameter. The total thrombus
load was assessed by using the Qanadli CT pulmonary artery obstruc-
tion index, including 10 lung segments for each lung [19]. For each PE
location, ground glass opacities or consolidations were reported as
being present or not present for each affected lung segment. Also, the
extent of COVID-19 lung lesions by ground-glass opacities and con-
solidations was visually assessed as percentage of affected lung volume.

Clinical and CT characteristics of PE are described as mean with
standard deviation (SD) or median with interquartile range (IQR). We
calculated absolute differences in these characteristics between COVID-
19 patients and controls with corresponding 95% confidence interval
(95%CI). All statistical analyses were performed in SPSS version 25
(IBM, Armonk, NY, USA).

3. Results

A total of 23 patients with proven COVID-19 pneumonia and
symptomatic CTPA proven PE were included in the study. Their base-
line characteristics are shown in Table 1. All received pharmacological
thromboprophylaxis. The main reason for PE suspicion was lack of
clinical improvement in ventilated patients (n = 13, 57%), sudden
unexpected respiratory deterioration (n = 7, 30%), hemodynamic
collapse (n = 2, 8.7%) and persistent fever of unknown origin (n = 1,
4.3%).

In the COVID-19 cohort, the most proximal PE was located in the
main/lobar pulmonary artery in 4 patients (17%), and the most prox-
imal PE was in a segmental artery in 16 patients (70%) (Fig. 1). In 3
patients (13%), the PE was limited to subsegmental arteries and 1 pa-
tient (4.3%) had a single subsegmental PE. The mean Qanadli score was
23% (SD 18%). Overall, 426/460 (93%) of the anatomical lung

segments in the 23 patients were affected by COVID-19 and the mean
percentage of affected lung was 58% (SD 22%). A total of 178/460
(39%) pulmonary artery segments were affected by PE; all pulmonary
artery segments with PE were in lung parenchyma with radiological
signs of COVID-19 pneumonia. The mean RV/LV ratio was 0.97 (SD
0.15) and the mean pulmonary arterty trunk diameter was 29 mm (SD
4.6 mm). Six patients had a RV/LV ratio > 1.0 (26%).

The control cohort consisted of 100 patients (Table 1). The location
of the most proximal PE in the COVID-19 patients was less often the
main/lobar pulmonary artery than in the control patients (17% versus
47%; −30%, 95%CI −44 to −8.2%). The Qanadli score was lower in
the COVID-19 patients (mean difference −8%, 95%CI −16 to −0.13)
as was the mean RV/LV ratio (mean difference −0.23, 95%CI −0.39 to
−0.07) and the prevalence of RV/LV ratio> 1.0 (26% versus 49%;
−23%, 95%CI −41 to −0.86%). The mean pulmonary artery trunk
diameter was comparable between cases and controls.

4. Discussion

Our findings suggest that the PE phenotype in patients with COVID-
19 is different from PE patients without COVID-19 pneumonia.
Specifically, in COVID-19 patients, the thrombotic lesions were more
distributed in the peripheral arteries of the lung, total clot burden was
lower and the mean RV/LV ratio and prevalence of RV/LV ratio > 1
were lower.

Table 1
Characteristics of pulmonary embolism (PE) patients with and without COVID-
19.

PE patients with
COVID-19
(n = 23)

PE patients without
COVID-19
(n = 100)

Characteristics and venous thromboembolism (VTE) risk factors
Mean age (± SD) – years 63 (6.4) 62 (16)
Male sex – n (%) 16 (70) 53 (53)
Previous VTE – n (%) 1 (4) 17 (17)
Active malignancy – n (%) 1 (4) 27 (27)
Trauma/surgery during the past

4 weeks – n (%)
0 (0) 22 (22)

Clinical presentation
Chest tightness – n (%) 0/4 (0)* 25 (25)
Pleural pain – n (%) 0/4 (0)* 55 (55)
Dyspnea – n (%) 3/4 (75)* 82 (82)
Hemoptysis – n (%) 0 (0) 6 (6.0)
Clinical signs of deep vein

thrombosis
0 (0) 6 (6.0)

D-dimer results (ng/mL) – median
(IQR)

7551 (3852–10,005) 2637 (3345–4998)

Hemodynamic unstable at
diagnosis – n (%)

2 (8.7) 6 (6.0)

Reperfusion therapy – n (%) 1 (4.3) 5 (5.0)
> 24 hour supplemental oxygen

therapy– no (%)
23 (100) 25 (25)

Inording to Qanadli score) were
measured antensive care
admission – no (%)

20 (87) 8 (8.0)

Radiological presentation
Most proximal anatomic location
Main/lobar 4 (17) 38 (38)
Segmental 16 (70) 41 (41)
Subsegmental 3 (13) 11 (11)

Qanadli score (%) – mean (SD) 23 (18) 31 (17)
Right ventricle diameter (mm) –

mean (SD)
43 (8.0) 45 (9.9)

Left ventricle diameter (mm) –
mean (SD)

44 (7.0) 41 (8.9)

RV/LV ratio – mean (SD) 0.97 (0.15) 1.2 (0.38)
Pulmonary artery trunk diameter

(mm) – mean (SD)
29 (4.6) 28 (4.7)

Note: *Only for non-sedated non-intubated patients.
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Differences between patients with COVID-19 associated PE and the
control patients related to thrombosis risk (e.g. sex or BMI) may explain
our observations. The relatively small sample size did not allow per-
forming multivariate analyses to adjust for these differences.
Nevertheless, sex and BMI have been shown not to be associated with
clot burden or distribution in previous studies so we feel this explana-
tion is less likely [20]. It is however possible that prophylactic antic-
oagulation, which was prescribed in all COVID-19 patients, and a
shorter diagnostic delay may have influenced the radiological para-
meters of the PE. An alternative explanation is that in situ im-
munothrombosis indeed plays a role in the pathophysiology of COVID-
19 associated PE. Alveolar injury and the inflammatory storm caused by
COVID-19 pneumonia as well as disruption of the thrombo-protective
state of the pulmonary vascular endothelial cells contribute to profound
small vessel thrombus formation [15,16,21]. Even so, since 93% of lung
segments was affected by infection, a ‘true’ association between loca-
tion of the thrombotic and COVID-19 lesions could not be established,
simply because unaffected segments were hardly present. The markedly
higher D-dimer levels in COVID-19 patients with PE nonetheless un-
derline the extreme coagulopathy and pro-thrombotic state associated
with COVID-19 infection. The absence of clinical signs of deep vein
thrombosis (DVT) in the COVID-19 patients may also support the
concept of in situ immunothrombosis, although the prevalence of
clinical signs of DVT was equally low in the control group. Importantly,
the fact that the majority of PEs was located in the segmental arteries
and 17% even centrally in the pulmonary artery tree is strongly

compatible with the conventional thromboembolic origin of PE. This
was also seen in previous publications in which COVID-19 associated
PE was located in the central/lobar pulmonary artery in 44–56% of the
cases [22,23]. Our findings are in line with histologic findings in au-
topsy studies were multiple thrombi in small to mid-sized pulmonary
arteries were observed supporting the concept of immunothrombosis
[21,24]. The observation by others that the incidence of DVT in COVID-
19 patients was high upon screening also suggests that the conventional
thromboembolic origin of PE plays indeed a role in COVID-19 asso-
ciated PE [9,25]. Of note, increased prevalence of PE and not of DVT
has been described before in pulmonary conditions such as COPD and
pneumonia [26].

The main limitations of our study include the relatively small
sample size and the lack of screening ultrasonograms of the leg veins.
Furthermore, selection bias may have occurred as the threshold for PE
screening may have been lower in COVID-19 patients than in the con-
trol group resulting in less extensive PE in the COVID-19 patients.
Another limitation may be that blinded CT assessment by the radi-
ologist was not possible as typical COVID-19 lesions can be seen in
patients with COVID-19 infection.

In conclusion, our data suggest that the phenotype of PE in COVID-
19 patients may be different from the PE phenotype in patients without
COVID-19 pneumonia. Since pulmonary emboli in COVID-19 associated
PE patients are more located in the peripheral lung segments and are
less extensive compared to PE in patients without COVID-19, COVID-19
associated PE more likely represents a combination of thromboembolic

Fig. 1. Computed tomography (CT) pulmonary angiography: A and B: 54-year old male patient with COVID-19 pneumonia, axial CT images in 3 mm reconstructions
at upper and lower lung levels showing typical COVID-19 lesions with bilateral patchy ground-glass opacities and consolidations in predominantly peripheral
distribution. The pulmonary involvement of COVID-19 lesions was 50% of lung volume. C and D: 69-year old female patient with COVID-19 pneumonia, axial CT
images in 1 mm reconstructions. Soft-tissue setting showing thrombus in the right lower lobe segmental pulmonary arteries (arrows, C). Lung setting showing
extensive pulmonary interstitial- and subpleural consolidations in both lungs (D), predominantly in the dependent areas but not related with presence (right lung) or
absence (left lung) of visible pulmonary thrombus.
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disease and in situ immunothrombosis. Further investigations, in-
cluding laboratory studies, are needed to explore the true causal rela-
tion between COVID-19 pneumonia and PE or in situ im-
munothrombosis. Exact knowledge of the origin of PE in COVID-19
patients has important therapeutic consequences, since the effect of
(prophylactic) anticoagulation on in situ thrombosis is largely un-
known.
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