Journal of Thrombosis and Thrombolysis (2021) 52:69-75
https://doi.org/10.1007/511239-020-02292-4

=

Check for
updates

Occurrence of pulmonary embolism related to COVID-19
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Abstract

Recent reports have suggested an increased risk of pulmonary embolism (PE) related to COVID-19. The aim of this cohort
study is to compare the incidence of PE during a 3-year period and to assess the characteristics of PE in COVID-19. We
studied consecutive patients presenting with PE (January 2017—-April 2020). Clinical presentation, computed tomography
(CT) and biological markers were systematically assessed. We recorded the global number of hospitalizations during the
COVID-19 pandemic and during the same period in 2018-2019. We included 347 patients: 326 without COVID-19 and 21
with COVID-19. Patients with COVID-19 experienced more likely dyspnea (p=0.04), had lower arterial oxygen satura-
tion (p<0.001), higher C-reactive protein and white blood cell (WBC) count (p<0.0001 and p=0.001, respectively), and
a significantly higher in-hospital mortality (14% versus 3.4%, p=0.04). Among COVID-19 patients, diagnosis of PE was
performed at admission in 38% (n=8). COVID-19 patients with diagnosis of PE during hospitalization (n=13) had signifi-
cantly more dyspnea (p=0.04), lower arterial oxygen saturation (p=0.01), less proximal PE (p=0.02), and higher heart rate
(p=0.009), CT severity score (p=0.001), C-reactive protein (p=0.006) and WBC count (p=0.04). During the COVID-19
outbreak, a 97.4% increase of PE incidence was observed as compared to 2017-2019 and the proportion of hospitalizations
related to PE was 3.7% versus 1.3% in 2018-2019 (p<0.0001). In conclusion, the COVID-19 pandemic leads to a dramatic
increased incidence of PE. Physicians should be aware that PE may be diagnosed at admission, but also after several days
of hospitalization, with a different clinical, CT and biological features of thrombotic disease.
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Highlights

e A dramatically increased in pulmonary embolism (PE)
admissions were observed during COVID-19 pandemic.

e Patients with PE presented with two distinct features
of thrombotic disease: patients with COVID-19 and PE
diagnosis at admission, who had similar characteristics
with non-COVID-19 patients, and patients with COVID-
19 and PE diagnosis during hospitalization, who had a
significantly different presentation (higher inflammatory
syndrome, more distal thrombosis process, higher SARS-
CoV-2 CT severity score).

e This highlights the hypothesis of a local intrapulmonary
thrombosis rather than an embolism.

Introduction

All our health care systems have been recently impacted
by the emergence of the acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) [1]. This new disease, COVID-
19, exhibits various clinical presentations [2, 3]. One of the
concerns of COVID-19 is the increased thrombotic risk,
resulting in pulmonary embolism (PE) [4-9]. However, lit-
tle is known about the characteristics of patients presenting
with PE and COVID-19. The aim of the study was to com-
pare the incidence of PE during a 3-year period (including
COVID-19 outbreak) and to assess the characteristics of PE
in COVID-19.

Methods

Between March 2nd and April 30th 2020, all patients
referred for pulmonary computed tomography (CT) in
our university hospital with a PE diagnosis were pro-
spectively included. There was no exclusion criterion.
A search for COVID-19 was systematically performed,
using a polymerase-chain-reaction (PCR) and/or typical
CT pattern of SARS-CoV-2 [10, 11]. Treatment and man-
agement was left to physicians’discretion, according to
current guidelines [10]. A historical cohort of PE included
all consecutive patients referred for PE at our university
hospital between January 1st, 2017 and March 1st, 2020.
We identified patients presenting with PE using the Inter-
national Classification of Diseases version 10 until the
COVID-19 outbreak (1260 and 1269 codes). We systemati-
cally reviewed all clinical parameters, electrocardiogram
(ECG), computed tomography (CT), echocardiography
and biomarkers. We compared the characteristics of PE
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in patients presenting with COVID-19 with the character-
istics of PE diagnosed between 2017 and 2020 in patients
without COVID-19. The study was approved by the Insti-
tutional Data Protection Authority of Paris Saclay Uni-
versity Hospitals.

Diagnosis of PE was performed by pulmonary CT angi-
ography, using a 256 slice multi-detector CT (GE Health-
care Revolution, Milwaukee, WI). Multi-detector chest CT
angiography was performed after intravenous injection of
50 ml iodinated contrast agent (Ilomeron 400 mg I/mL,
Bracco Imaging, Milan, Italy) at a flow rate of 3.5 mL/s,
with a trigger positioned on the main pulmonary artery. CT
parameters were 120 kVp, average tube current 300 mA,
80 x 0.625 mm, rotation time 0.28 s, pitch 0.992 and CTDI
vol of 4.28 mGy. Chest CT is a cornerstone of the diagnostic
work-up and follow-up for patients with COVID-19. Both
features COVID-19 lung involvement and PE were prospec-
tively analyzed on a PACS workstation (Carestream Health,
Rochester, NY) by an experienced radiologist blinded to
clinical and biological data. The degree of lung involvement
by SARS-CoV-2 was assessed for each lobe and classified
as none (0%), minimal (1%-25%), mild (26%-50%), moder-
ate (51%-75%), or severe (76%—100%). For each lobe, no
involvement corresponded to a score of 0, minimal involve-
ment to a score of 1, mild involvement to a score of 2, mod-
erate involvement to a score of 3, and severe involvement
to a score of 4. An overall lung “total severity score” was
reached by summing the five lobe scores (range of possible
scores, 0-20) [11, 12].

Pulmonary embolism was diagnosed if an endoluminal
thrombus was present in a normal-sized or enlarged vessel.
The location of PE, i.e., the site of the largest thrombus, was
noted. Assessment of right ventricular size was performed
by CT and echocardiography. Right ventricular size was sys-
tematically assessed using a CT four-chamber view passing
through the mitral and tricuspid valves. We calculated the
right to left ventricular area ratio and a right ventricular dila-
tion was defined as a right to left ventricular area ratio >1
[13]. Echocardiographic examinations were performed using
a Vivid 9, Vivid E95 or S70 system (GE Medical Systems,
Horten, Norway). In an apical four-chamber view, a right
ventricular dilation was defined as a right to left ventricular
area ratio >0.6 [10]. Clinical presentation, simplified ver-
sion of pulmonary embolism severity index (sPESI) [13,
14], ECG, location of pulmonary embolism by CT, right
ventricular size by CT and by echocardiography, troponin
I, D-dimers, plasma N-terminal-pro B-natriuretic peptide
concentration (proBNP) and classification of PE severity
(high-risk, intermediate [-high or -low] risk and low risk
PE) [10] were systematically assessed. Finally, we recorded
the global number of hospitalizations during the COVID-19
pandemic and during the same period in 2018 and 2019 and
the number of patients presenting with COVID-19.
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Statistical analysis was performed using StatView soft-
ware version 4.5 (Abacus Concepts, Berkeley, CA). Continu-
ous variables are presented as mean + SD (standard devia-
tion) and categorical data are presented as absolute values
and percentages. Continuous and categorical variables were
compared using the chi-square test or Fisher’s exact test and
unpaired t test, respectively. Missing data were addressed
by listwise deletion. A value of p < 0.05 was considered
statistically significant.

Results

We included 347 patients presenting with PE: 326 without
COVID-19 and 21 patients with COVID-19. The character-
istics of our population are presented in Table 1. Patients
with PE and COVID-19 were significantly more likely to
experience dyspnea (p = 0.04), presented with lower arterial
oxygen saturation (p < 0.001), higher C-reactive protein and
white blood cell (WBC) count (p < 0.0001 and p = 0.001,
respectively), and a significantly higher in-hospital mortality
(p = 0.04). No patient with PE and COVID-19 had normal
D-dimers, but three patients (14%) had D-dimers lower than
2500 ng/mL (versus 121 patients [37%] in patients with PE
without COVID-19 [p = 0.04]). The prevalence of proximal
PE was significantly higher in patients without COVID-19
(40% versus 14%, p = 0.02).

Among patients with COVID-19, pulmonary embolism
was diagnosed at admission in only 38% (n = 8) with a
clinical presentation of PE. In the remaining patients with
COVID-19 (n = 13), diagnosis of PE was performed at day
8.5 + 6.3 of hospitalization, because of worsening of symp-
toms (acute degradation of hemodynamic or respiratory sta-
tus) (Table 2). All of these patients received a prophylactic
anticoagulant treatment (Supplementary Table 1). The initial
diagnosis of admission was SARS-CoV-2 pneumonia with-
out PE. In comparison with COVID-19 with a diagnosis of
PE at admission, patients who were diagnosed PE during
hospitalization had a higher rate of dyspnea (p = 0.04), a
higher heart rate (p = 0.009), lower arterial oxygen satura-
tion (p = 0.01), higher C-reactive protein and WBC count
(p = 0.006 and p = 0.04, respectively), a higher sPESI
(p = 0.006) and a higher SARS-CoV-2 severity CT score
(p =0.001). Pulmonary embolism without proximal location
(Fig. 1) was significantly more frequent in patients develop-
ing PE during hospitalization (p = 0.02).

Clinical and biological characteristics of COVID-19
patients with PE at admission and non COVID-19 patients
were similar, except for arterial oxygen saturation (p = 0.03)
(Tables 1 and 2). Heart rate, C-reactive protein, WBC count
were significantly higher in COVID-19 patients with PE
diagnosed during hospitalization as compared to patients
without COVID-19 (105 bpm versus 91 bpm, p = 0.04, 157

versus 50 mg/L, p < 0.0001, 14,430 versus 9672 x10*9/L ,
p < 0.001, respectively) and arterial oxygen saturation was
significantly lower (75% versus 95%, p < 0.0001).

Figure 2 shows the evolution of number of patients pre-
senting with PE between 2017 and 2020. As compared to
previous years, we found a significant increase of admissions
for PE during the COVID-19 pandemic (increase of 97.4% in
April 2020, as compared to the mean number of PE in 2017-
2019). During the COVID-19 pandemic period (March 2nd
to April 30th, 2020), the global number of hospitalizations
decreased by 40%: 1614, as compared to 2683 and 2680 dur-
ing the same time periods in 2018 and 2019, respectively.
During this same period, 415 patients were hospitalized for
COVID-19 and the prevalence of PE among COVID-19
patients was 5.1%. The proportion of PE-related hospitali-
zations was 1.3% in 2018 and 2019 versus 3.7% during the
COVID-19 pandemic (p < 0.0001).

Discussion

The present study demonstrates an increased incidence of
PE during COVID-19 pandemic. Interestingly, we found two
patterns of patients presenting with PE and COVID-19 with
significant differences: patients with PE at admission and
patients with PE diagnosed during hospital stay.

Several studies have recently alerted on the frequent
occurrence of venous thromboembolic disease in patients
with COVID-19 [4, 9]. We found consistent results in
our university hospital, with a 2.85-fold increase of PE
hospitalizations. Pulmonary embolism is a well-known
thromboembolic disease. Several predisposing factors
have been widely published, such as previous PE, sur-
gery, cancer, oral contraceptive therapy and immobiliza-
tion [10]. To explain the increase in PE incidence during
COVID-19 outbreak, several causes have been suggested.
One could be that patients suffering from COVID-19
may be bedridden. In our study, 38% of patients with
COVID-19 had a diagnosis of PE at admission. Interest-
ingly, characteristics of these patients were similar to
those of PE patients without COVID-19, suggesting a
same thromboembolic process, with a predisposing fac-
tor related to immobilization. On the other hand, we
individualized another group of patients with PE and
COVID-19: patients developing PE during hospitaliza-
tion. Those patients presented several clinical, biological
and radiological differences, as compared to patients with
PE without COVID-19 and to patients with COVID-19
and PE diagnosis at admission: important inflammatory
syndrome, more severe pulmonary pattern of COVID-19,
more dyspnea, increased heart rate, lower arterial oxy-
gen saturation and less proximal PE. This finding sug-
gests that the delayed occurrence of PE in some patients
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Table 1 Characteristics of patients presenting with pulmonary embolism between January 1st, 2017 and April 30th, 2020

Patients without COVID-19 Patients with COVID-19 P value
n=326 n=21
Age, years 65.5+179 68.2+12.9 0.32
Male, n (%) 162 (49.7%) 13 (61.9%) 0.28
Previous history of thromboembolic 86 (26.4%) 2(9.5%) 0.12
disease, n (%)
Recent surgery (< 3 months) , n (%) 30 (9.2%) 1(4.8%) 0.71
Immobilization, n (%) 49 (15.0%) 0(0%) 0.05
Chronic pulmonary disease, n (%) 19 (5.8%) 0(0%) 0.61
Active neoplasia, n (%) 42 (12.9%) 2(9.5%) 0.99
Chronic heart failure, n (%) 12 (3.7%)* 0(0%) 0.99
Chronic kidney disease, n (%) 20 (6.1%) 0(0%) 0.62
Symptoms
Dyspnea, n (%) 225 (69%) 19 (90.5%) 0.04
Chest pain, n (%) 138 (42.3%) 6 (28.6%) 0.21
Syncope, n (%) 35 (10.7%) 1(4.8%) 0.71
Shock, n (%) 11 (3.4%) 0 (0%) 0.99
Heart rate, bpm 91 +21.8 96 +22.5 0.34
Systolic arterial pressure, mmHg 132 +234 132 +28.5 0.89
Arterial oxyhaemoglobin saturation, % 95 +5.7 80 +12.2 <0.0001
Electrocardiogram
Inversion of T waves in leads V1V4, 73 (22.4%)$ 7 (33.3%) 0.25
n (%)
S1Q3T3 pattern, n (%) 47 (14.4%)® 1 (4.8%) 0.33
Right bundle branch block, n (%) 60 (18.4%)* 4 (19.0%) 0.99
Location of pulmonary embolism
Proximal, n (%) 129 (40%) 3 (14%) 0.02
Lobar, n (%) 69 (21%) 5 (24%) 0.99
Distal, n (%) 128 (39%) 13 (62%) 0.06
Right ventricular dilation
Assessed by CT, n (%) 98 (30.0%) 9 (42.9%) 0.22
Assessed by echocardiography, n (%) 89/274 (32.5%) 8 (38.1%) 0.60
Biological markers
D-dimer level, ng/mL 4833 + 4644 6273 + 3478 0.20
Cardiac troponin I, ug/L 0.45 +0.32 0.17 +£0.26 0.86
N-terminal-proBNP, ng/L 2134 + 3679 1223 + 1722 0.51
C-reactive protein, mg/L 50 + 62 119 + 88 <0.0001
White blood cells (x10*9/L) 9672 + 3261 12,705 + 5405 0.0001
sPESI 12+1 1.2+0.38 0.99
Classification of pulmonary embolism severity 0.08
High risk mortality, n (%) 11 (3.3%) 0 (0%) 0.99
Intermediate-high risk, n (%) 71 (21.8%) 6 (28.6%) 0.53
Intermediate-low risk, n (%) 87 (26.7%) 10 (47.6%) 0.04
Low risk mortality, n (%) 157 (48.2%) 5(23.8%) 0.03
In-hospital mortality, n (%) 11 (3.4%) 3 (14%) 0.04

CT Computed tomography, proBNP pro B-natriuretic peptide, sPESI simplified pulmonary embolism severity index

*Data available for 321 patients
£Data available for 324 patients
$Data available for 325 patients
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Tab]e 2 Char acteristics of Patients with COVID19 P value
patients with COVID-19 and
pulmonary embolism diagnosed Diagnosis of PE  Diagnosis of PE
at admission or during o . o
hospitalization at admission during hospitalization
n=2_8 n=13
Age, years 69.9 +15.8 67.1 +11.1 0.29
Male, n (%) 4 (50%) 9 (69%) 0.19
Symptoms
Dyspnea, n (%) 5(63%) 13 (100%) 0.04
Chest pain, n (%) 3 (38%) 3(23%) 0.63
Syncope, n (%) 0(0%) 1 (8%) 0.99
Shock, n (%) 0 (0%) 0 (0%) -
Heart rate, bpm 84 +24 105 + 17 0.009
Systolic arterial pressure, mmHg 141 + 24 128 + 31 0.40
Arterial oxyhaemoglobin saturation, % 90 +7 75+ 10 0.01
Location of pulmonary embolism
Proximal, n (%) 2(25%) 1 (8%) 0.53
Lobar, n (%) 2 (25%) 3 (23%) 0.99
Distal, n (%) 4 (50%) 9 (69%) 0.19
Right ventricular dilation
Assessed by CT, n (%) 4 (50%) 5(38%) 0.67
Assessed by echocardiography, n (%) 3 (38%) 5(38%) 0.99
Pulmonary involvement related to COVID-19 by CT 0.04
No involvement, n (%) 3 (38%) 1 (8%) 0.25
Minimal involvement, n (%) 2(25%) 1 (8%) 0.53
Mild involvement, n (%) 2(25%) 1 (8%) 0.53
Moderate involvement, n (%) 0 (0%) 1 (8%) 0.99
Severe involvement, n (%) 1(13%) 9 (69%) 0.02
Total severity score 35+4.7 119+6 0.001
Biological markers
D-dimer level, ng/mL 4963 + 2317 7148 + 3924 0.17
Cardiac troponin I, microg/L 0.27 +0.39 0.12+0.18 0.31
N-terminal-proBNP, ng/L 1289 + 3521 1182 + 1212 0.92
C-reactive protein, mg/L 50 + 55 157 + 81 0.006
White blood cells (x 10%9/L) 9500 + 3310 14,430 + 5617 0.04
sPESI 04+0.8 1.6 +0.5 0.006
Classification of pulmonary embolism severity 0.004
High risk mortality, n (%) 0 (0%) 0(0%) -
Intermediate-high risk, n (%) 1 (13%) 5 (38%) 0.34
Intermediate-low risk, n (%) 2 (25%) 8 (62%) 0.18
Low risk mortality, n (%) 5(63%) 0 (0%) 0.03
In-hospital mortality, n (%) 1(13%) 2 (15%) 0.99

with COVID-19 may be associated with different mecha-
nisms of thrombotic disease, with more distal process.
Coagulopathy and vascular endothelial dysfunction have
been proposed to explain the occurrence of PE during
COVID-19 outbreak [3, 15]. This raises the hypothesis of

Italic values indicate global p value

CT computed tomography, proBNP pro B-natriuretic peptide, sPESI simplified pulmonary embolismsever-

ity index

intrapulmonary thrombosis related to COVID-19 during
the cytokine storm syndrome [16-21].

Potential limitations of the present study merit consider-
ation. First, we recruited a limited number of patients pre-
senting with PE and COVID-19, leading to non-significant
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Fig. 1 Pulmonary CT angiog-
raphy with severe SARS-CoV-2
pneumonia showing a subseg-
mental pulmonary thrombus in
the right posterior lower pulmo-
nary artery (white arrows)

Fig.2 Number of patients

2017 2018 2019 2020

presenting with pulmonary

embolism from 2017 to 2020 40

35
30
25
20
15
10

Number of patients presenting with PE

differences concerning D-dimer levels (6273 + 3478 ng/
mL in COVID-19 patients versus 4833 + 4644 ng/mL
in patients without COVID-19, p = 0.20). Second, dur-
ing this health crisis, we did not systematically perform
venous ultrasonography to assess the occurrence of deep
venous thrombosis, to avoid further mobilization of
patients. The safety of patients and of health workers led to
avoid unnecessary vital examinations. Once the diagnosis
of PE was performed, we considered that the diagnosis of
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thromboembolic disease was made [10]. Finally, since the
publication of national guidelines on thromboprophylaxis
for hospitalized COVID-19 patients (April 3rd, 2020) [22],
a greater awareness of COVID-19-related PE could have
an impact on the number of diagnosed PE. However, all
of the patients developing PE during hospitalization were
receiving a thromboprophylaxic treatment.

In conclusion, the COVID-19 pandemic leads to a dra-
matic increased incidence in PE admissions. Physicians
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should be aware that PE may be diagnosed at admission,
but also after several days of hospitalization, with a differ-
ent pattern of thrombotic disease.
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