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The COVID-19 Arterial

Thromboembolic
Complications: From Inflammation

to Immunothrombosis Through

Antiphospholipid Autoantibodies
Patients with severe SARS-CoV-2 infection are at risk for

acute arterial thromboembolic complications: the inter-

esting clinical study by Indes et al. about arterial thrombo-

embolic complications in COVID-19 patients merits some

pathophysiological observations.1 First, the endothelial

cells suffer from a hyperinflammatory injury, as proven

by the presence of exfoliated circulating elements.2,3 On

this basis, a ‘‘lymphocytic endotheliitis’’ may occur4; how-

ever, in some circumstances, the vessel condition can seri-

ously complicate toward a ‘‘leukocytoclastic vasculitis’’,5

consisting in a neutrophils infiltration inside the tunica

media and adventitia, accompanied by fibrinoid necrosis

(Fig. 1A and B). In fact, after activation of B lymphocytes

into plasma cells, polyclonal immune complexes, mostly

IgG but also IgA and IgM, can be deposited at the level

of vascular walls, together with C3 complement fraction,

unleashing a proper type III hypersensitive reaction.5,6

This sequence can affect medium to large caliber vessels

too, causing an increased risk of thrombosis, in which

newly generated platelets play an important co-role.

Recruited to repair endothelia, they finalistically imple-

ment a mechanism of ‘‘covercytosis’’ against the virions,

in consonance with their myeloid lineage inherited from

the megakaryocytic progenitors.7 Meanwhile, the ‘‘cyto-

kine storm’’, through its key cytokines, the interleukin-

6, endowed of megakaryocytopoietic activity, stimulates

megakaryocytopoiesis, as testified by the high number of

naked-megakaryocyte-nuclei in the bone marrow and

lungs of critical COVID-19 patients.8 Naked-

megakaryocyte-nuclei are the expression of megakaryo-

cytes cytoplasm consumption to produce neoplatelets,

then released in the microcirculation with prothrombotic

effects. This phenomenon can be dramatically amplified

by the appearance of antiphospholipid antibodies (lupus

anticoagulant, anticardiolipin, anti-b2glycoprotein), able
to generate an antiphospholipid syndrome secondary to

SARS-CoV-2 infection.9,10 These autoantibodies bind to

phospholipids of platelets membranes, increasing their

power of adhesion to endothelia phospholipids and to

fibrin filaments (Fig. 1C and D); at the same time, they

induce platelets aggregation, reciprocal and with other

immune cells, such as neutrophils, monocytes, and lym-

phocytes. All these lead to the COVID-19
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hypercoagulative state characterized by an ‘‘abnormal

immunothrombosis’’. Interestingly, the cascade of events

so far illustrated can affect also medium/large-sized ves-

sels, in particular if involved by endothelial dysfunctions,

or hemodynamically predisposed for a turbulent blood

stream, as along atherosclerotic arteries or in those vessels

submitted to previous surgery. Medium-sized arteries can

develop a complete thrombotic obstruction (Fig. 1A),

while a mural thrombosis can affect large-sized arteries,

such as the aorta: the subsequent risk of peripheral embo-

lization, always present, seems reduced by the strong

adhesion among the aforementioned hyperactivated

platelets.11 In perspective, this pathological cascade is

not the unique possible because endothelial ulcerations

and necrotic-inflammatory lesions of the tunica media

could produce an ‘‘intramural hematoma’’, further

complicating with an arterial dissection, if not bordered

on by the prompt action of procoagulants.12 Contrariwise,

direct connections between ‘‘inflammatory’’ aneurysms

and COVID-19 remain uncertain, although the break-

down of collagen structures, cytokines-related, together

with occlusive microthromboses of vasa vasorum

(Fig. 1C) are promoting factors.
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Fig. 1. Surgical specimen histopathology from a 72-year-old Italian male patient affected by severe COVID-19: (A)

complete thrombosis of the medium-sized splenic artery [hematoxylin and eosin, x2.5 objective]: (B) neutrophils infil-

tration accompanied by karyorrhexis inside the tunica media and adventitia, a classical picture of ‘‘leukocytoclastic

vasculitis’’, with a still preserved endothelial layer [hematoxylin and eosin, x10 objective]; (C) immunohistochemistry

for CD61 reveals platelets interaggregating and adhering to the endothelial cells (black arrows), together with occlusive

microthromboses of vasa vasorum (red arrows) [2f2 clone, x10 objective]; (D) the platelets aggregates, adhering tenaci-

ously to the endothelium, contain also blue-stained fibrin (blue arrows) [phosphotungstic acid hematoxylin, x10

objective].
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