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COVID-19 results in a number of coagulation abnormalities in- 

luding raised D-dimer, prolonged prothrombin time and thrombo- 

ytopaenia which are believed to lead to thrombotic complications 

 1 , 2 ]. Consequently, venous and arterial thromboembolism have 

een reported and whilst the true incidence of thromboembolic 

isease is unknown, data from case series suggest that thrombotic 

omplications of COVID-19 are common [3–7] . Reported rates of 

hrombotic complications are high with 25% incidence of venous 

hromboembolism reported among 81 intensive care patients in 

uhan, China [4] and 31% cumulative incidence of venous or sys- 

emic arterial thrombosis including ischaemic stroke and myocar- 

ial infarction in 184 intensive care unit patients with COVID-19 

n the Netherlands [7] . Subsequent studies from France and Italy 

ave also reported high rates of thromboembolic events in criti- 

ally ill patients with COVID-19 (17–22%) despite prophylactic an- 

icoagulation [ 6 , 8 , 9 , 10 ]. In this issue of Trends in Cardiovascular

edicine, Ali and Spinler [11] have performed a timely and com- 

rehensive review on COVID-19 and thrombosis with respect to its 

nderlying mechanisms. The authors present proposed pathophys- 

ological pathways for COVID-19 induced thrombosis with a par- 

icular focus on the potential for their exploitation as therapeu- 

ic targets. The authors should be congratulated on their thorough 

verview of the subject area with a valiant attempt to identify pos- 

ible therapeutics. They coherently report cases series and studies 

hat all appear to demonstrate an association between dysregu- 

ation of the coagulation system, elevated inflammatory markers 

nd poor prognosis. In critically ill patients with COVID-19 the se- 

ere inflammatory response, hypoxia and direct viral mediated ef- 

ects as well as the increased ACE2 expression in endothelial cells, 

re thought to contribute to a prothrombotic milieu and lead to 

he high rates of thrombotic complications. The mechanisms in 

his setting are detailed in this review including 1. dysregulation 

f the renin-angiotensin-aldosterone system leading to oxidative 

tress, endothelial dysfunction and activation of von Willebrand 

actor and 2. dysregulation of the immune response involving com- 
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lement activation, neutrophil extracellular traps and mitogen ac- 

ivated protein kinase pathways. 

Potential novel therapeutics suggested based on the mechanis- 

ic pathways described include Vitamin C aimed at oxidative stress 

amage, N -acetylcysteine aimed at breaking down large von Wille- 

rand factor multimers that are activated upon endothelial dam- 

ge, and recombinant anti-C5a antibody targeting at the comple- 

ent pathway. However, for now there is no clinical evidence to 

upport their use. In terms of current therapeutics, treatment dose 

nticoagulation has been suggested in critically ill patients with 

eparin and low molecular weight (LMW) heparin having theoret- 

cal benefits over vitamin K antagonists and direct oral anticoag- 

lants, as they are thought to possess anti-inflammatory proper- 

ies beneficial in the context of COVID-19 infection [ 12 , 13 , 14 , 15 ].

his is, however, only supported by observational data. In a large 

tudy of 2773 patients hospitalized with COVID-19, 786 receiv- 

ng treatment dose heparin during their hospital stay showed a 

ignificantly improved survival with the mortality benefit being 

ore marked in the 234 patients requiring mechanical ventilation 

16] . While there are data from a number of cohort studies well 

escribed in the review, randomised controlled trials are under- 

ay including FREEDOM COVID (NCT04512079) randomizing 3600 

:1:1 to prophylactic LMW heparin, treatment dose LMW heparin 

r apixaban. Such studies will guide the future use of current phar- 

acotherapies. However, disturbingly there have been reports of 

eparin resistance in COVID-19 [17] and in the setting of ST ele- 

ation myocardial infarction (STEMI) higher doses of heparin are 

eeded to achieve therapeutic activated clotting times [18] . Aside 

rom anticoagulation, a New York case series has demonstrated the 

herapeutic benefit of tissue plasminogen activator in COVID-19 pa- 

ients with refractory respiratory failure on mechanical ventilation 

hich also suggests that pulmonary microvascular thrombi may in 

art drive the pathophysiology of certain phenotypes of acute res- 

iratory distress syndromes in COVID-19 [ 19 , 20 ]. 

Venous thromboembolism forms the main focus of the re- 

iew by Ali and Spinler with most of the evidence cited com- 

ng from series and studies in critically ill patients, suggesting 

he increased pre-disposition appearing to be associated with se- 

ere forms of COVID-19. It is interesting to note that there is 

ow mounting evidence for thromboembolism, particularly arte- 

ial as the first manifestation of COVID-19 infection. A case se- 

ies from New York reported on a high incidence of young pa- 

https://doi.org/10.1016/j.tcm.2020.12.006
http://www.ScienceDirect.com
http://www.elsevier.com/locate/tcm
http://crossmark.crossref.org/dialog/?doi=10.1016/j.tcm.2020.12.006&domain=pdf
https://doi.org/10.1016/j.tcm.2020.12.004
mailto:dan.jones8@nhs.net
https://doi.org/10.1016/j.tcm.2020.12.006


F.A. Choudry, A. Mathur and D.A. Jones Trends in Cardiovascular Medicine 31 (2021) 161–162 

t

a

h

t

d

c

f

b

F

C

i

w

o

t

c

d

f

f

[

w

n

p

C

v

d

w

o

t

p

R

 

 

 

 

 

 

 

 

 

 

[

 

 

 

 

 

 

[  

[  

 

[  

[  

[  
ients presenting with large vessel occlusion and ischaemic stroke 

s a first presentation of COVID-19 [21] . Similarly, an Italian series 

as reported increased incidence of acute limb ischaemia presen- 

ation in COVID-19 [22] . Furthermore, in a large series from Lon- 

on of COVID-19 patients presenting with STEMI, the majority of 

ases acute coronary thrombosis was the first presentation of in- 

ection suggesting that COVID-19 can cause acute arterial throm- 

osis even in the absence of substantial systemic inflammation. 

urthermore, when compared to STEMI cases without concurrent 

OVID-19 there were unique features of the percutaneous coronary 

ntervention (PCI) procedure that demonstrated a strong signal to- 

ards higher thrombus burden than usual including higher rates 

f multivessel thrombosis, stent thrombosis and higher modified 

hrombus grade post first device intervention [18] . It remains un- 

lear however what the underlying mechanism would be although 

irect endothelial or vascular injury might be a major contributory 

actor [23] and targeted inhibition of endothelial infection may of- 

er unique opportunities to prevent and treat COVID-19 infection 

24] . 

This timely comprehensive review by Ali and Spinler with the 

orld in the midst of the second wave of COVID-19 highlights the 

eed for further work into novel therapeutic options based on the 

ostulated mechanisms underlying the problem of thrombosis in 

OVID-19 patients. We would suggest that these mechanisms may 

ary with venous or arterial thromboembolism. The mechanistic 

istinction between venous thromboembolism in systemically un- 

ell COVID-19 patients and atrial thrombosis as a first presentation 

f COVID-19 is yet to be elucidated. In terms of current therapeu- 

ics, we await the results of ongoing trials of anticoagulation in this 

atient cohort. 
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