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To the editor,
It has been recently shown with clinical studies that 

COVID-19 pathogenesis is associated with coagulopathy, 
however it differs from sepsis associated disseminated intra-
vascular coagulation (DIC) with relatively normal levels 
of PT, fibrinogen and platelets, despite markedly elevated 
d-dimer levels [1–3]. Although the primary pathogenesis 
was thought as pulmonary type II pneumocyte injury, viral 
pneumonia, acute respiratory distress syndrome (ARDS) or 
macrophage activating like syndrome complicating ARDS 
leading to DIC, the pathological evidence from autopsy 
series show that the major pathogenic mechanism is ‘Pul-
monary Intravascular Coagulopathy-PIC’ as firstly named by 
McGonagle et al. [4] which is a kind of immune thrombosis 
that is distinct from classical DIC [4]. Pathological findings 
indicate that the lungs are oedematous with patchy haemor-
rhage are as macroscopically with diffuse alveolar damage 
and extensive fibrin thrombi in distended small vessels and 
capillaries. The presentation of numerous megakaryocytes 
stained with CD61 and von Willebrand Factor further sup-
ports the hypothesis of local coagulation is the main factor 
of the whole process [5].

The gross pathological findings of the heart at the same 
study showed extreme right ventricular dilatation and strain-
ing of the interventricular septum as an evidence of right 
cardiac insufficiency caused by pulmonary hypertension. 
Another paper that gave us early pathological findings of 
two patients with lung cancer who were biopsied for their 

malignancy before they were symptomatic for COVID-19 
and revealed early pathological signs of COVID-19 besides 
adeno carcinoma in biopsies.[6]. Those signs were intra-
alveolar fibrin with early organization, proteinaceous exu-
dates in alveoli and mono nuclear inflammatory cells sug-
gesting early start of coagulopathy even when patients were 
asymptomatic. As PIC is the first step of the disease, the 
patients fail to respond to classical treatment modalities tar-
geting pulmonary oedema, ARDS and MAS with cytokine 
storm. The cytokine storm is interpreted as capillary leak 
syndrome and treatment modalities like IVIG, steroid and 
anti-IL6, plasma exchange usually fails to manage the clini-
cal picture. Here we provide possible mechanism and treat-
ment strategy for COVID-19 PIC.

Possible pathogenesis and treatment 
strategy

• SARS-CoV2 binds to ACE2 receptors on type II pneu-
mocytes and possibly on vascular endothelial cells and 
causes lysis of the cells immediately leading to direct 
activation of the endothelium causing procoagulant 
activity and activates accumulation of fibrin deposits 
in pulmonary microcapillary venous vessels. The fibrin 
deposits cause a compensatory mechanism of increased 
plasminogen at the beginning but as the disease pro-
gresses fail to break down the fibrin deposits reflected 
in increased d-dimer levels. The treatment strategy at 
this level should be blockage of hyper coagulation with 
low molecular weight heparin (LMWH) as mentioned 
by Thachil [1] for blocking thrombin and dampen the 
inflammatory response. LMWH at prophylactic doses 
should be administered to all symptomatic patients with 
microbiologically or radiologically documented COVID-
19 diagnosis and escalated to therapeutic doses in case 
of respiratory distress.
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• In case LMWH is insufficient of preventing further 
activation of PIC and the thromboses extend to pul-
monary veins, the process will proceed to secondary 
pulmonary hypertension and cardiac insufficiency. 
Increased intravascular pressure in lungs will result in 
extensive alveolar exudation resulting causing marked 
hypoxia. As a consequence of decreased pulmonary 
venous flow, the left ventricular stroke volume will 
decrease leading to systemic hypotension. The treat-
ment option at this step should be Tissue Plasminogen 
Activator (TPA) or defibrotide. These two fibrinolytic 
modalities can prevent intubation and progression to 
DIC (Fig. 1). Plasminogen and TPA has been used in 
COVID-19 patients in a few studies and have been 
shown to be beneficial in improving respiratory capac-
ity [7, 8]. As the immune-pathogenesis seems to resem-
ble endothelial dysfunction of sinusoidal obstruction 
syndrome we think that defibrotide can also be useful 
or its pro-fibrinolytic, antithrombotic, thrombolytic, 
anti-ischemic and anti-inflammatory functions that may 
help to restore the endothelial function [9]. According 
to the previous literature, we think the major pathogen-
esis of COVID-19 disease starts with hyper coagula-
tion and PIC. We believe that early anticoagulation and 
early thrombolytic agents may provide better prognosis 
in these patients.
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Fig. 1  The possible pathogenesis of COVID-19. TPA tissue plasminogen activator, aPTT activated partial thromboplastin time, PT prothrombin 
time, HLH hemophagocytic lymphohistiocytosis, MAS macrophage activating syndrome, LMWH low molecular weight heparin
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