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Abstract

Objectives Infection with the SARS-COV2 virus (COVID-19) may be complicated by thrombotic diathesis. This complica-
tion often involves the pulmonary microcirculation. While macrovascular thrombotic complications of the lung may include
pulmonary artery embolism, pulmonary artery thrombus in situ has also been hypothesized. Pulmonary vein thrombosis
has not been described in this context.

Methods/Results Herein, we provide a case of an otherwise healthy male who developed an ischemic stroke with left internal
carotid thrombus. Further imaging revealed pulmonary emboli with propagation through the pulmonary veins into the left
atrium. This left atrial thrombus provides a source of atypical “paradoxic arterial embolism”.

Conclusions Thrombotic outcomes in the setting of severe COVID 19 pneumonia may include macrovascular venous
thromboembolism, microvascular pulmonary vascular thrombosis and arterial thromboembolism. Pulmonary vein, herein
described, provides further mechanistic pathway for potential arterial embolic phenomenon.
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Highlights Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-
e SARS-COV2 (COVID-19) infection may be complicated ~ CoV-2) causing COVID-19 primarily causes pulmonary

by thrombotic diathesis. disease but is known to cause extrapulmonary manifesta-
e While the primary site of thrombosis involves the pulmo-  tions including a thromboembolic propensity. The systemic

nary microcirculation, macrovascular thrombosis is well ~ inflammatory “cytokine storm” contributes to vascular

described. endothelial injury and coagulation activation [1, 2] which
e Pulmonary artery thrombosis may be either embolic or  predisposes patients to arterial and venous thrombosis [3].

thrombus in situ A recent patient admitted with severe pulmonary involve-
e Pulmonary venous thrombus propagation is herein  ment of COVID 19 infection complicated by pulmonary

described as a potential source of arterial embolism. vein thrombosis and pulmonary embolism underscores the
e Timely diagnosis and aggressive management may pre-  prothrombotic nature of this infection.

vent catastrophic embolic complications.

Clinical presentation

A 51-year-old gentleman with no significant past medical
history developed cough and fatigue and tested positive for
COVID-19 by PCR of nasal swab sample. After a 2 week
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(22 ng/L without significant delta). His D-Dimer was ele-
vated (18,819 ng/ml FEU). Chest Xray showed bilateral
pulmonary infiltrates. Non-contrast CT head demonstrated
a large middle cerebral artery stroke with hemorrhagic
transformation (Fig. 1). Carotid ultrasound demonstrated
a non-occlusive thrombus in the left carotid bifurcation
extending into the internal carotid artery. A transthoracic
echocardiogram revealed a severely enlarged right ventricle,
severe pulmonary hypertension and right ventricular strain.
CT angiogram chest showed bilateral main pulmonary artery
embolus (Fig. 2). A filling defect was noted in the inferior
right pulmonary vein extending into the left atrium consist-
ent with pulmonary vein thrombus in cross-sectional (Panel
A) and coronal imaging (Fig. 3). Venous ultrasound of lower
extremities showed right popliteal vein deep venous throm-
bosis. Complete thrombophilia testing including lupus anti-
coagulant, anticardiolipin and beta 2 glycoprotein 1 antibod-
ies were negative. The patient tolerated moderate intensity
intravenous unfractionated heparin without bleeding compli-
cations and was discharged 25 days later on warfarin therapy.
Patient will complete at least 6 months of anticoagulation
therapy and follow up with neurology and primary care.

Discussion

The reported incidence of arterial and venous thromboem-
bolism (VTE) associated with COVID-19 coagulopathic
state varies considerably by author, management, cohort
ascertainment (ICU, ward, ambulatory) and imaging strat-
egy [4]. Proposed thromboembolic mechanisms include: (1)
complement activation with vascular injury, (2) neutrophil
activation with neutrophil extracellular traps (NETSs) forma-
tion and uncontrolled positive signaling loop between mac-
rophages and neutrophils resulting in a “cytokine storm” and
(3) hypoxia mediated activation of hypoxia inducible factors
(HIFs). Infection leads to activation of coagulation cascade
utilizing humoral and cellular pathways causing microvas-
cular thrombosis contributing to multi-organ failure [5].
COVID-19 patients are also at a risk of arterial thrombosis
including ischemic stroke and myocardial infarction. Apart
from hypercoagulable state, stress induced cardiomyopathy,
septic embolization and atrial fibrillation contribute to car-
diovascular morbidity and mortality [6-8].

Pulmonary vein thrombus (PVT) is an extremely rare
thrombotic event usually diagnosed after lung surgery, pul-
monary malignancy, or as a complication of pulmonary vein
isolation for treatment of atrial fibrillation [9]. Patient had
no history of cardiothoracic surgery or anatomic abnormal-
ity of his pulmonary venous circulation. In this initial case
of pulmonary vein thrombosis complicating COVID-19

Fig. 1 Large left middle cerebral artery stroke. A large region of
hypoattenuation (Panel a) involving the left frontal, insular, parietal,
and temporal lobes consistent with a left MCA territory infarct (thick
arrow). An area of associated intraparenchymal hemorrhage in the
anterior left frontal lobe is also noted (thin arrow). Near-occlusive
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thrombus (yellow arrows) in the left carotid bulb extending into the
proximal internal carotid artery (Panel b) accentuated by color Dop-
pler (Panel ¢). Minimal underlying atherosclerotic plaque was noted
in the carotid arterial wall
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Fig.2 Venous thromboembolism. Large burden acute bilateral pulmonary thromboemboli (arrows) are noted in cross-sectional (Panel a) and
coronal images (Panel b). Acute deep vein thrombosis is noted in the right popliteal vein (Panel ¢ and d)

Fig. 3 Pulmonary vein thrombus. Filling defect in the inferior right pulmonary vein (arrow) consistent with pulmonary vein thrombus in cross-
sectional (Panel a) and coronal imaging (Panel b)
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pneumonia, the underlying thrombotic mechanism may
be multifactorial. Whereas the pulmonary vein thrombosis
was co-localized to the same lung segments as the pulmo-
nary embolism, it is likely that the pulmonary embolism
occurred first and that the pulmonary venous thrombosis
followed afterwards. It is noteworthy that pulmonary vein
thrombosis rarely if ever complicates a pulmonary embolic
event apart from this infection. Under normal conditions,
pulmonary arterioles and capillaries are a rich source of tPA
(tissue plasminogen activator) and fibrinolytic activity and
serve as a biochemical barrier against thrombus propaga-
tion following pulmonary embolism. The thrombotic signal
within the infected lung may have been augmented by local
endothelial injury from complement mediated membrane
attack complexes and associated coagulation activation.
Endothelial infection by the virus may have triggered local
recruitment of neutrophils entrapping platelets in the pro-
cess of NETosis. The ensuing signaling between neutrophils
and macrophages may have amplified the cytokine storm
known to augment thrombosis. Hypoxia inducible factors
(HIF) are also known to stimulate leukocytes and platelets,
induce local tissue factor expression and impair fibrinolytic
pathways further promoting thrombus propagation. In this
case, it is unclear if the carotid artery thrombus resulted
from embolized PVT or an in-situ thrombus.
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