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ABSTRACT

The SARS-CoV-2 virus, or COVID-19, is responsible for the current global pandemic and has resulted in the death of over
400,000 in the United States. Rates of venous thromboembolism have been noted to be much higher in those infected with
COVID-19. Here we report a case-series of COVID-19 patients with diverse presentations of pulmonary embolism (PE). We
also briefly describe the pathophysiology and mechanisms for pulmonary embolism in COVID-19. These cases indicate a
need to maintain a high index of suspicion for PE in patients with COVID-19, as well as the need to consider occult COVID-19
infection in patients with PE in the right clinical circumstance.
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INTRODUCTION
T he SARS-CoV-2 virus, or COVID-19, is responsi-
ble for the current global pandemic and by Febru-
ary 2021 had infected over twenty seven million

Americans and killed over 475,000.1 While most people
infected with the virus experience only mild symptoms,
approximately 10−15% develop significant hypoxia with
some progressing to acute respiratory distress syndrome
(ARDS), shock, and multi-organ failure.2

Accumulating data suggests that COVID-19 is asso-
ciated with an increased risk of thrombotic events includ-
ing pulmonary embolism.3 Retrospective studies of
patients with severe SARS-CoV-2 infections identified
rates of VTE much higher than that of average ICU
patients,4,5 even in populations of patients with high
rates of therapeutic anticoagulation use. Markers of
activity in the fibrinolytic pathway − such as D-dimer −
have reliably correlated with more severe disease from
COIVD-19,6,7 and in those cases prophylactic heparin
has demonstrated a mortality benefit8 suggesting throm-
bosis and venothromboembolism may contribute signifi-
cantly to poor outcomes.

We present here three cases of pulmonary embolism
(PE) accompanying COVID-19 infection with disparate
presentations. The cases demonstrate a wide spectrum of
disease, and illustrates the need to maintain a high index
of suspicion for PE in patients with COVID-19 and unex-
plained or worsening hypoxia or dead space ventilation,
and to consider occult COVID-19 infection in patients pre-
senting with PE whose signs or symptoms are not fully
explained by thrombosis.
CASE 1
A 38-year-old man with no significant past medical

history and a recent outpatient diagnosis of COVID-19
infection was brought to the emergency department after
a syncopal episode at work. He had tested positive for
COVID-19 infection by polymerase chain reaction test
two weeks prior to presentation. Over the week prior to
presentation, he developed a gradually worsening
cough, shortness of breath, decreased appetite, fatigue,
and diffuse muscle aches.

At presentation, he appeared ill, restless and diapho-
retic with an increased work of breathing. His respiratory
rate was 40/min, oxygen saturation 95% on a100% non-
rebreather, and he was hypotensive with a systolic blood
pressure of 78 mmHg. He was initially stabilized on high
flow NC and IV fluid resuscitation. Labs were notable for
an elevated white count, elevated lactate 6.0 mmol/L,
serum creatinine 1.5 mg/dl, CRP 2.80 mg/dl, LDH
312 IU/L, D-dimer >69,000 ng/mL, and reduced fibrino-
gen level of 38 mg/dl. Chest x-ray demonstrated mild
bilateral lower lobe opacities and he was admitted to the
ICU with the diagnosis of COVID-19 related acute respi-
ratory failure.
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FIGURE 1. Computed tomography angiography (CTA) showing large proximal bilateral pulmonary emboli.

COVID-19 and Acute Pulmonary Embolism
Because it was felt that his chest x-ray findings did
not fully explain his hypoxia or respiratory distress, a CT
chest with contrast was performed. The CT scan
revealed bilateral pulmonary embolism within the main
and lobar branches with right associated heart strain, as
well as a few peripheral ground glass and consolidative
opacities consistent with typical findings of COVID-19
pneumonia (Fig. 1). 100 mg of tissue plasminogen acti-
vator (tPA) was administered in the ER with rapid
improvement in hemodynamics and respiratory parame-
ters. Upon arrival to the ICU, his oxygen saturation and
blood pressures had normalized. He was started on an
intravenous heparin infusion and transitioned to mainte-
nance anticoagulation with apixaban for three months.
He was discharged home on hospital day 7 with clinical
improvement confirmed during a subsequent outpatient
telehealth visit.
CASE 2
A 50-year-old man with no significant past medical

history was admitted to the hospital for acute hypoxic
respiratory failure due to COVID-19 pneumonia. He ini-
tially presented with fevers, dyspnea, myalgias, anosmia,
and dysgeusia for 10 days. He had tested positive for
COVID-19 by nasopharyngeal PCR 8 days prior. At pre-
sentation, he was febrile to 102.3C, tachycardic to
104 beats/min, tachypneic to 38 breaths/min, and hyp-
oxic with an oxygen saturation of 80% on room air. Labs
were notable for a white blood cell count of 8600 cells/
mL with lymphopenia (absolute lymphocyte count: 770
cells/mL), mild transaminitis (AST 115 IU/L and ALT 53
IU/L), Cr 1.58 mg/dL (from baseline 1.0), CRP 17 mg/dL,
Copyright © 2021 Southern Society for Clinical Investigation. Published by Elsev
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Ferritin 4776 ng/mL, LDH 994 IU/L, CK 2614 IU/L, Pro-
calcitonin 1.06 ng/mL, D-dimer 1020 ng/mL, hs-Tn
15 ng/mL, and BNP 824 pg/mL. Chest x-ray revealed
bilateral hazy opacities in the lower lungs.

He was initially admitted to a telemetry floor but
developed progressive hypoxia requiring ICU admission
and mechanical ventilation. He was treated with hydroxy-
chloroquine, tocilizumab, proning, and antibiotics. He
received prophylactic enoxaparin. After extubation on
hospital day 9, he experienced an acute hypoxic event
requiring initiation of high flow nasal cannula oxygen. CT
angiography of the chest revealed an acute pulmonary
embolus in the right main pulmonary artery extending into
RUL, RML, RLL, and LUL branches (Fig. 2). He was hemo-
dynamically stable and transthoracic echocardiogram
revealed no evidence of right heart strain. Labs at the time
of PE diagnosis were significant for markedly elevated D-
dimer to 45,669 ng/mL and persistently elevated inflam-
matory markers including serum CRP, ferritin, and LDH.
He was treated with therapeutic anticoagulation (heparin
and then apixaban) with improvement, and he was dis-
charged home on hospital day 20.
CASE 3
A 57-year-old man with a past medical history of

stage IV lung cancer was admitted with acute hypoxic
respiratory failure. He was tachycardic to 110 s beats/
min and hypoxic with oxygen saturation of 88% on room
air on presentation. Labs were notable for WBC 12,000
cells/mL without lymphopenia (absolute lymphocyte
count 2740 cells/mL), elevated BNP to 8591 pg/mL, ele-
vated troponin to 0.37 ng/mL (ULN 0.07). Additional labs
ier Inc. All rights reserved. 647
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FIGURE 2. Computed tomography angiography (CTA) showing pulmonary embolus in the right main pulmonary artery.
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were notable for a CRP 4.9 mg/dL, LDH 418 IU/L, D-
dimer 788 ng/mL, Ferritin 290 ng/mL, and procalcitonin
0.17 ng/mL. Chest x-ray on admission did not have sig-
nificant consolidation and CT of the chest with contrast
revealed a large saddle PE with a large perfusion defect
in the left lower lung (Fig. 3).

A transthoracic echocardiogram revealed a severely
dilated right ventricle with reduced function and a positive
FIGURE 3. Computed tomography angiography
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McConnell’s sign. He underwent successful pulmonary
artery mechanical thrombectomy using FlowTriever with
improvement in oxygenation. Two days later, while await-
ing transfer from the ICU to the medical floor he developed
fevers to 101.5 and hypoxia. A chest x-ray revealed new
bilateral peripheral opacities and nasopharyngeal COVID-
19 PCR returned positive. He was treated with therapeutic
anticoagulation antibiotics, and hydroxychloroquine.
(CTA) showing saddle pulmonary embolus.
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COVID-19 and Acute Pulmonary Embolism
Despite these therapies, he continued to decline clini-
cally with escalating oxygen requirement and worsening
pulmonary infiltrates. Given his multiple comorbidities,
underlying metastatic disease and poor functional status,
the decision was made to transition to inpatient hospice.
DISCUSSION
The above cases demonstrate a variety of presenta-

tions for COVID-19 and acute PE − from submassive to
massive, and from early in the course of infection to later.
Observational studies in COVID-19 patients have
reported exceptionally high rates of venous thrombosis
and thromboembolism with reported rates of symptom-
atic venous thromboembolism as high as 25%4,5,9 and
Bompard reported an incidence of pulmonary embolism
specifically of 24%.10 Several studies have also demon-
strated a connection between clot turnover and the
severity of COVID-19 infection. In the first large publica-
tion of patients with COVID-19, measures of clot degra-
dation were found to be elevated in hospitalized patients
along with other inflammatory cytokines.6 Patients with
severely elevated levels of these markers had a worse
prognosis, and there are reports that for patients with
severe COVID-19 disease preemptive therapeutic antico-
agulation reduced mortality.8,11

Several mechanisms have been offered to explain
COVID-19 related system clotting problems. SARS-CoV-2
virus infects vascular endothelial cells via ACE2 receptors
on their surface and may cause endothelial cell damage,
vasculitis with monocyte and lymphocytic infiltrate, and
platelet activation and aggregation. An autopsy series of
four patients who died of SARS-CoV-212 revealed throm-
bosed small vessels in the lungs and significant associated
hemorrhage. The authors speculated on a role for throm-
botic microangiopathy − a platelet-rich clot formation with
fibrin deposition within these small vessels − as a signifi-
cant contributor to their death.

Yet it is not completely clear to what degree COVID-19
exerts an excess risk to thrombosis when compared with
other causes of critical illness. Venous thromboembolism
is a well-known complication of critical illness in general as
well as other viral pneumonias.13 Additionally, large studies
suggest that while the incidence of VTE in general ICU
patients is about 2−6%,14,15 it can be much higher when
there is routine testing on asymptomatic patients16 or as
high as 37% in the presence of severe sepsis and septic
shock.17 Additionally, severely ill hospitalized patients with
COVID-19 have many of the traditional risk factors for
development of acute VTE, including older age, immobility,
indwelling central venous catheters, and a need for pro-
longed mechanical ventilation.18

In conclusion, we present three cases of COVID-19
pneumonia complicated by clinically significant pulmo-
nary embolism. Current available anecdotal and larger
observational studies suggest that COVID-19 may inde-
pendently increase the risk for acute VTE, and therefore
diagnosis of PE should be considered early in
Copyright © 2021 Southern Society for Clinical Investigation. Published by Elsev
www.amjmedsci.com � www.ssciweb.org
appropriate patients. Maintaining a high suspicion for
venous thromboembolic disease in COVID-19 patients −
particularly those with critical illness, unexplained hypox-
emia or shock, or rapid clinical deterioration − is advis-
able. Empiric or preemptive therapeutic anticoagulation
may have a role in some severely ill patients with COVID-
19, but more study is needed before any recommenda-
tions can be made.
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