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Infection with SARS-CoV-2 caused the emergence of
COVID-19. COVID-19 presents as an immune-
mediated inflammatory disease, in which a crucial role is
played by macrophages.

COVID-19 is divided into different stages of severity and is
characterized by specific symptoms and distinct alterations
of hematologic and blood chemistry parameters.1 These
symptoms highlight the evolution of a worsening
inflammatory response with specific changes in the
neutrophil-to-lymphocyte ratio, elevated levels of acute-
phase proteins (C-reactive protein, fibrinogen, and
ferritin), high values of proinflammatory cytokines, in
particular, IL-6, and above all, the appearance of specific
indicators of progressive thrombotic phenomena.2 These
changes are consistent with the different stages of the
immune response against pathogens, specifically, the
resistance and tolerance phases. Notably, proinflammatory
cytokines in the tolerance phase aggravate the damage
induced by immunopathology and associated necrosis and
are responsible for the most severe symptoms.3

Thrombotic complications are among the most critical
issues in patients with COVID-19 and may induce
severe disseminated intravascular coagulation and
pulmonary intravascular coagulation.
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SARS-CoV-2 attaches to the cell receptor angiotensin-
converting enzyme 2, primarily expressed in type 2
alveolar cells, and gains entry into cells in the lung,
which is the primary site of infection. The thrombotic
phenomena originate in the same way as the disease: the
aggressive damage to the endothelium and the specific
activation of macrophages and their associated
destruction lead to the activation of the platelet
aggregation cascade. In fact, SARS-CoV-2 directly
infects alveolar macrophages, which are important in
inducing thrombotic events.4 Infected alveolar
macrophages activated by the virus during the early
stages of COVID-19 induce the production of
proinflammatory cytokines, mainly IL-6, and reactive
oxygen species (ROS), contributing to endothelial tissue
damage and dysfunction. In addition, activated
macrophages secrete the procoagulant prothrombinase,
which mediates the establishment of fibrin deposition.5

Macrophages also stimulate fibrinogen and
thromboplastin synthesis in the liver. Endothelial cells
are damaged by cytokines and ROS, resulting in
exposure of subendothelial matrix elements, especially
collagen and tissue factor (TF), which in turn trigger
platelet activation and TF-mediated production of
thrombin and fibrin. Moreover, endothelial injury is
accompanied by damage to the “glycocalyx.” This
activates the synthesis of adhesion proteins, which
mobilize platelets and leukocytes into the endothelium.6

ROS originating from macrophages disable
endothelium-derived nitric oxide, mediate cell signaling,
and foster protein alterations, contributing to the start
and evolution of endothelial injury. Besides ROS,
proinflammatory cytokines stimulate the nuclear factor
(NF)-kB pathway, which activates the apoptosis of
endothelial cells by initiating mitochondrial injury and
endoplasmic reticulum stress.7 A further mediator
associated with inflammatory responses, macrophage-
stimulating factor 1, primarily triggers endothelial cell
apoptosis by activating mitochondrion-dependent cell
death by inhibiting mitophagy.8 Thus, changes in the

vascular endothelium cause increased thrombin

production both systemically and in the lungs, leading to

fibrin deposition with subsequent coagulopathy.

Another determinant is hypoxia-inducible factor, which

appears during the tolerance phase; it drives the

macrophage polarization into M1 cells, the main
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producers of IL-6 and ROS. Moreover, hypoxia-

inducible factor enhances the NF-kB pathway-induced

inflammation response that, in succession, increases

complement-mediated endothelium injury.9

Notably, these phenomena mediated by macrophages
also likely occur after vaccine administration,
contributing to some of the side effects of
thromboembolism reported in the literature.10

Exact knowledge of the pathogenic events and the
evolution of COVID-19 into different stages is crucial to
elucidate the specific mechanisms involved in
thrombotic complications and to investigate the most
appropriate treatment in each case.

In this regard, an interesting article published in this
issue of CHEST, by Frame et al,11 investigates the safety
of a profibrinolytic drug, defibrotide, in an open-label
prospective clinical trial involving a population of
patients with severe COVID-19 and related ARDS.
Defibrotide works via multiple mechanisms of action,
specifically targeting several pathways involved in the
pathogenesis of thrombotic phenomena in COVID-19,
as discussed by Frame et al11 in their article. Indeed,
other authors have indicated that defibrotide, besides its
profibrinolytic activity, can exert antithrombotic effects
through other mechanisms involving antiinflammatory
and antioxidant pathways.4 Defibrotide hinders the
synthesis of proinflammatory cytokines, such as IL-6, by
activated macrophages and mononuclear cells; inhibits
ROS generation by activated monocytes/macrophages;
and can restore nitric oxide generation under conditions
of oxidative stress. Furthermore, in vitro and ex vivo
work showed that defibrotide inhibits the TF expression
stimulated by inflammatory molecules, raises the
synthesis of thrombomodulin in endothelial cells,
downregulates prothrombinase action, decreases
thrombin-mediated platelet aggregation, and increases
platelet- and leukocyte-endothelial cell interactions.
Defibrotide is also able to reduce the activity of
heparanase, which is a key mediator of macrophage
activation and polarization.

Frame et al11 demonstrate that the use of defibrotide is
safe and well tolerated by patients with COVID-19.
Remarkably, the authors also achieve positive and
promising results in terms of improvement of the main
laboratory parameters, such as D-dimer; clinical
parameters; respiratory function; and discontinuation of
oxygen support. Therefore, the Frame et al11 study
represents an encouraging basis for adding defibrotide to
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the therapeutic “armamentarium” against COVID-19-
associated coagulopathy. Because the profibrinolytic,
inflammatory, and antioxidant activities of defibrotide
are able to restore and preserve endothelial function,
understanding when to start defibrotide administration
is essential.12

It may be presumed that defibrotide can crucially treat
the initial phases of COVID-19, when induction of
endothelial damage by the increased expression of
procoagulant factors, and the stimulation of platelet
aggregation, mainly occur. Conversely, low-molecular-
weight heparins are assumed to have a role when
perturbations in the inflammatory mediators, such as an
increase in IL-6 and fibrinogen and its degradation
products, are most apparent. In this regard, we would
like to highlight that precise timing is required for the
use of these drugs at a prophylactic dose and for
adjusting their therapeutic dose in the later phases of
COVID-19, in association with other drugs such as
antithrombin III.12

Therefore, defibrotide could be used in the initial stages
of COVID-19 before administering, or replacing
defibrotide with, low-molecular-weight heparin; this
may result in better outcomes and prognosis for these
patients.
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