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In the current edition of the journal, Siddiqi and colleagues 

iscuss the role of severe acute respiratory syndrome coronavirus 

 (SARS-CoV-2) -mediated endothelial injury, and discuss poten- 

ial therapies that address vascular system dysfunction and its se- 

uelae [1] . A growing number of commentaries report the role of 

ascular injury and resulting dysfunction associated with COVID- 

9 infection, a critical mechanism for understanding this viral dis- 

ase state’s clinical manifestations [2–5] . Although we agree with 

he thoughtful commentary and their focus on vascular aspects of 

OVID-19, clinicians should realize that infection associated vascu- 

ar injury has long been described in many types of infections, es- 

ecially in patients following sepsis and septic shock. Activation of 

ultiple inflammatory responses as host defense mechanisms to 

mmobilize or remove the inciting pathogen results in an inflam- 

atory response that also causes significant vascular endothelial 

njury, a critical perspective to consider, especially when attempt- 

ng to develop therapeutic approaches to a systemic disease [6–

] . In our commentary, we will further examine previous reports 

f vascular endothelial injury associated with acute infectious pro- 

esses, the role of inflammation induced thrombosis, and the spec- 

rum of inflammatory pathways producing injury that provide a 

onundrum for developing therapeutic approaches. 

Previous reports have described thromboinflammatory re- 

ponses that cause vascular endothelial damage through cellu- 

ar and humoral amplification pathways [10] . Neutrophils and 
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onocytes contribute to vascular injury and thrombus formation 

uring acute infections by expressing tissue factor and genera- 

ion of microparticles [6] . Further, neutrophil activation releases 

ultiple additional mediators such as DNA, proteolytic enzymes, 

nd pathogen-associated molecular patterns that contribute to mi- 

rovascular thrombosis development with cytokines and other in- 

ammatory mediators [ 6 , 11 , 12 ]. 

Beyond the local response, the systemic activation of proinflam- 

atory cytokines significantly contributes to injury and throm- 

osis. Before COVID-19, this acute inflammatory response to in- 

ection was considered the hallmark of acute infections caus- 

ng disseminated intravascular coagulopathy (DIC) associated with 

ram-negative or gram-positive bacteremia, fungemia, or viremia 

 7 , 8 , 13 ]. Host defense systems activate both humoral and cellular

mplification pathways as part of thromboinflammatory responses, 

 term also called immunothrombosis, that propagate through 

ultiple pathways including neutrophil extracellular traps (NETs), 

ell-free DNA, and histones that activate additional inflammatory 

esponses and enhance other prothrombotic pathways [ 6 , 10 , 14–17 ]. 

What is unique about the endothelial vascular injury with 

ARS-CoV-2 infection that causes vascular injury? The ACE2 re- 

eptor tropism and entry via nasopharyngeal passages provide an 

nitial infection in the lung, pulmonary alveoli, and vascular en- 

othelial interfaces [18] . This initial viral load in the lung poten- 

ially produces the early major clinical manifestations of acute lung 
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njury/adult respiratory distress syndrome (ARDS) and the char- 

cteristic findings of microvascular thrombotic sequela, as shown 

n postmortem findings [ 19 , 20 ]. However, pulmonary microvascu- 

ar thrombosis is not new and was reported initially in 1983 in 

ostmortem evaluations of 22 patients with ARDS due to infectious 

auses [21] . In COVID-19, the initial localized pulmonary inflamma- 

ion and microvascular thrombosis occur, but without systemic en- 

othelial injury initially [ 8 , 22 , 23 ]. The finding that D-dimer would

rack with the severity of disease and inflammation is not surpris- 

ng given the evolving understanding of the interaction between 

nflammation and activation of coagulation. Some patients appear 

o have a more pronounced inflammatory response to infection 

ith SARS-CoV-2, with manifestations of a systemic inflammatory 

esponse syndrome (SIRS) or cytokine storm. This perspective may 

xplain variability in hypercoagulable responses and variability of 

oagulation testing, including significantly elevated D-dimer, espe- 

ially as the disease progresses [24] . 

The first report describing COVID-19 as a thromboinflammatory 

esponse was in ventilated patients with ARDS, demonstrating in- 

reased IL-6 levels correlated with increased fibrinogen levels, sup- 

orting the thromboinflammatory response perspective [25] . Clin- 

cally, COVID-19 associated ARDS is due to vascular injury, where 

ndothelial injury/apoptosis has been demonstrated with caspase 

taining, microcirculatory thrombin is formed, and increased cap- 

llary permeability occurs, all creating the clinical aspects of acute 

ung injury and reported in postmortem findings [19] . 

The authors also review potential therapeutic approaches 

o endothelial injury with COVID-19, including nonspecific im- 

unomodulatory agents that might dampen the excessive host 

nflammatory response, such as colchicine and antagonists of 

he NLRP3 inflammasome, antithrombotic therapies including an- 

iplatelet agents and anticoagulants, and treatments addressing the 

enin – angiotensin – aldosterone pathway such as angiotensin- 

onverting enzyme inhibitors and angiotensin receptor blockade. 

espite their thoughtful commentary, one of the problems with 

reating the inflammatory injury is that treatment usually is ad- 

inistered after the onset of the acute inflammatory insult. As a 

esult, treating after the event often limits the potential benefits 

f these therapeutic interventions. From our perspective, the other 

ssue is that due to the incredible diversity of inflammatory re- 

ponses arising from cellular and humoral amplification pathways, 

nhibiting a single limb of this complex universe often has lim- 

ted benefits. Of equal importance is that few therapies have been 

hown to be useful in ARDS in the past. As a result, effort s to find

he right mix of antithrombotic and antiinflammatory effects con- 

inue to be investigated. The other problem is that without spe- 

ific antiviral therapies, the disease process of COVID-19 rages on 

nd continues to drive these thromboinflammatory responses. The 

nly therapy shown to alter mortality so far is the use of a broad-

pectrum, nonspecific agent, corticosteroids – dexamethasone – for 

atients with acute lung injury with the characteristic acute hy- 

oxemic respiratory failure. 

As we have noted in an earlier review, clinicians are faced 

ith a pathogen whose behavior continues to be defined and 

re desperately looking for treatments that might improve patient 

utcomes [5] . COVID-19 is associated with dramatic vascular en- 

othelial injury as thoughtfully reviewed by the authors, however, 

his response producing vascular injury is extensively described 

n other acute infectious processes. It is the lack of immunity to 

ARS-CoV-2 that continues to drive both infection and the stagger- 
7 
ng number of patients as well as the severity of illness, with con- 

inued surges around the world. At this time when vaccines are in 

he early stages of clinical trials with as yet undetermined efficacy, 

nd without prior acquired immunity for some time to come, clin- 

cians should continue to focus on the vascular endothelial injury 

hat occurs and evaluate potential therapeutic interventions as dis- 

ussed by Siddiqui and colleagues. 

eferences 

[1] Siddiqi HK , Ridker P , Libby P . COVID-19 - a vascular disease. Trends Cardiovasc

Med. 2020 In Press . 
[2] Iba T , Connors JM , Levy JH . The coagulopathy, endotheliopathy, and vasculitis

of COVID-19. Inflamm Res. 2020;Sep 12:1–9 . 
[3] Iba T , Levy JH , Levi M , Connors JM , Thachil J . Coagulopathy of coronavirus dis-

ease 2019. Crit Care Med. 2020;48(9):1358–64 . 

[4] Levi M , Thachil J , Iba T , Levy JH . Coagulation abnormalities and thrombosis in
patients with COVID-19. Lancet Haematol. 2020;7(6):e438–ee40 . 

[5] Connors JM , Levy JH . COVID-19 and its implications for thrombosis and anti- 
coagulation. Blood 2020;135(23):2033–40 . 

[6] Iba T , Levy JH . Inflammation and thrombosis: roles of neutrophils, platelets 
and endothelial cells and their interactions in thrombus formation during sep- 

sis. J Thromb Haemost 2018;16(2):231–41 . 

[7] Iba T , Levy JH . Derangement of the endothelial glycocalyx in sepsis. J Thromb
Haemost 2019;17(2):283–94 . 

[8] Iba T , Levy JH , Wada H , Thachil J , Warkentin TE , Levi M , et al. Differential di-
agnoses for sepsis-induced disseminated intravascular coagulation: communi- 

cation from the SSC of the ISTH. J Thromb Haemost 2019;17(2):415–19 . 
[9] Iba T , Levy JH , Warkentin TE , Thachil J , van der Poll T , Levi M , et al. Diagnosis

and management of sepsis-induced coagulopathy and disseminated intravas- 
cular coagulation. J Thromb Haemost 2019;17(11):1989–94 . 

[10] Jackson SP , Darbousset R , Schoenwaelder SM . Thromboinflammation: chal- 

lenges of therapeutically targeting coagulation and other host defense mecha- 
nisms. Blood 2019;133(9):906–18 . 

[11] Woei AJFJ , van der Starre WE , Tesselaar ME , Garcia Rodriguez P , van
Nieuwkoop C , Bertina RM , et al. Procoagulant tissue factor activity on mi- 

croparticles is associated with disease severity and bacteremia in febrile uri- 
nary tract infections. Thromb Res 2014;133(5):799–803 . 

12] Gould TJ , Lysov Z , Swystun LL , Dwivedi DJ , Zarychanski R , Fox-Robichaud AE ,

et al. Extracellular histones increase tissue factor activity and enhance throm- 
bin generation by human blood monocytes. Shock 2016;46(6):655–62 . 

[13] Iba T , Levi M , Levy JH . Sepsis-induced coagulopathy and disseminated intravas- 
cular coagulation. Semin Thromb Hemost 2020;46(1):89–95 . 

[14] Engelmann B , Massberg S . Thrombosis as an intravascular effector of innate 
immunity. Nat Rev Immunol 2013;13(1):34–45 . 

[15] Delabranche X , Helms J , Meziani F . Immunohaemostasis: a new view on 

haemostasis during sepsis. Annals of intensive care 2017;7(1):117 . 
[16] Connors JM , Levy JH . Thromboinflammation and the hypercoagulability of 

COVID-19. J Thromb Haemost 2020;18(7):1559–61 . 
[17] Noubouossie DF , Reeves BN , Strahl BD , Key NS . Neutrophils: back in the throm-

bosis spotlight. Blood 2019;133(20):2186–97 . 
[18] Susen S , Tacquard CA , Godon A , Mansour A , Garrigue D , Nguyen P , et al. Pre-

vention of thrombotic risk in hospitalized patients with COVID-19 and 

hemostasis monitoring. Crit Care 2020;24(1):364 . 
[19] Varga Z , Flammer AJ , Steiger P , Haberecker M , Andermatt R , Zinker-

nagel AS , et al. Endothelial cell infection and endotheliitis in COVID-19. Lancet 
2020;395(10238):e99 . 

20] Ackermann M , Verleden SE , Kuehnel M , Haverich A , Welte T , Laenger F ,
et al. Pulmonary vascular endothelialitis, thrombosis, and angiogenesis in 

COVID-19. N Engl J Med 2020;383(2):120–8 . 

21] Tomashefski JF Jr , Davies P , Boggis C , Greene R , Zapol WM , Reid LM . The
pulmonary vascular lesions of the adult respiratory distress syndrome. Am J 

Pathol 1983;112(1):112–26 . 
22] Levi M , Scully M . How I treat disseminated intravascular coagulation. Blood 

2018;131(8):845–54 . 
23] Lippi G , Bonfanti L , Saccenti C , Cervellin G . Causes of elevated D-dimer in

patients admitted to a large urban emergency department. Eur J Intern Med 

2014;25(1):45–8 . 
24] Mehta P , McAuley DF , Brown M , Sanchez E , Tattersall RS , Manson JJ ,

et al. COVID-19: consider cytokine storm syndromes and immunosuppression. 
Lancet 2020;395(10229):1033–4 . 

25] Ranucci M , Ballotta A , Di Dedda U , Bayshnikova E , Dei Poli M , Resta M ,
et al. The procoagulant pattern of patients with COVID-19 acute respiratory 

distress syndrome. J Thromb Haemost 2020;18(7):1747–51 . 

http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0001
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0001
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0001
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0001
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0002
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0002
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0002
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0002
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0003
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0003
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0003
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0003
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0003
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0003
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0004
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0004
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0004
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0004
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0004
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0005
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0005
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0005
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0006
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0006
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0006
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0007
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0007
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0007
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0008
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0008
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0008
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0008
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0008
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0008
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0008
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0008
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0009
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0009
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0009
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0009
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0009
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0009
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0009
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0009
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0010
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0010
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0010
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0010
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0011
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0011
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0011
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0011
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0011
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0011
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0011
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0011
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0012
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0012
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0012
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0012
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0012
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0012
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0012
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0012
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0013
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0013
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0013
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0013
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0014
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0014
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0014
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0015
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0015
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0015
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0015
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0016
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0016
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0016
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0017
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0017
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0017
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0017
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0017
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0018
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0018
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0018
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0018
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0018
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0018
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0018
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0018
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0019
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0019
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0019
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0019
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0019
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0019
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0019
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0019
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0020
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0020
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0020
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0020
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0020
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0020
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0020
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0020
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0021
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0021
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0021
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0021
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0021
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0021
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0021
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0022
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0022
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0022
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0023
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0023
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0023
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0023
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0023
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0024
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0024
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0024
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0024
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0024
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0024
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0024
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0024
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0025
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0025
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0025
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0025
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0025
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0025
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0025
http://refhub.elsevier.com/S1050-1738(20)30134-1/sbref0025

