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oronavirus disease 2019 (COVID-19), the disease resulting

from infection with severe acute respiratory syndrome

coronavirus 2 (SARS-CoV-2), exhibits a broad spectrum of
manifestations and severity. Although most patients do not
require admission to hospital, about 10%-15% of symptomatic
patients are admitted, of whom about 20% receive intensive
care.! Thrombosis is a prominent clinical feature of COVID-19,
and between 5% and 30% of in-hospital patients develop a clin-
ically apparent thrombotic event.* Emerging evidence suggests
that endothelial injury resulting from SARS-CoV-2 cellular inva-
sion and a subsequent dysregulated host response involving
inflammatory and coagulation pathways plays a critical role in
the progression of severe COVID-19.> Macrovascular and micro-
vascular thrombosis may contribute to organ failure, multisys-
tem injury and death.®” However, the optimal prevention and
treatment of thrombosis in COVID-19 remains uncertain.t We
review emerging evidence regarding COVID-19 coagulopathy
(Box 1) and discuss current therapeutic directions and unan-
swered questions.

How does SARS-CoV-2 lead to disordered
coagulation?

Although our understanding of the inciting mechanisms in COVID-19
coagulopathy is rapidly evolving, an emerging view suggests a cas-
cading relationship between endothelial injury, inflammatory and
immune activation, and coagulation (Figure 1A).>1° SARS-CoV-2
enters host cells via an interaction between the viral spike protein

Box 1: Evidence used in this review

Nonsystematic literature search in MEDLINE, manual search for
online published papers in the following journals: Annals of
Internal Medlicine, Blood, Canadian Journal of Cardiology, CMAJ,
Circulation, European Heart Journal, Journal of the American
College of Cardiology, Journal of the American Medical Association,
Journal of Thrombosis and Hemostasis, The Lancet and New
England Journal of Medicine. We have avoided citing preprint
studies that have not yet undergone peer review, except for

3 articles. 346264

KEY POINTS

® Coronavirus disease 2019 (COVID-19) is associated with
endothelial injury and hypercoagulability.

® Common laboratory findings in COVID-19 coagulopathy include
increased D-dimer and fibrinogen levels and prolongation of the
activated partial thromboplastin time.

® Both venous and arterial thrombotic complications may occur
with increased frequency in COVID-19 as compared with other
causes of respiratory failure.

® Thromboprophylactic dose anticoagulation is broadly
recommended in patients with COVID-19; clinical trials are
ongoing to evaluate whether higher-dose anticoagulation
confers benefit.

and the angiotensin-converting enzyme 2 (ACE2) receptor
expressed in numerous organs and tissues, including pulmonary
alveolar type 2 epithelial cells (which produce surfactant), the brain,
heart, kidney and endothelium.!**2 ACE2 normally degrades angio-
tensin Il, and SARS-CoV-2-mediated downregulation of ACE2 may
lead to accumulation of angiotensin I, which may contribute to a
procoagulant state.” Injury to the endothelium initiated by SARS-
CoV-2 entry into these cells is thought to play a key role, and likely
explains the pathologic evidence of diffuse endotheliitis in multiple
organs, including lungs, kidneys, heart and intestines.’ The endo-
theliopathy may lead to an inflammatory host response character-
ized by excessive immune activation and cytokine storm, which pro-
motes hypercoagulability and thrombosis.'**> Macrophage
activation, tissue factor expression and an associated inflammatory
cascade (including through interleukin-6 signalling) are hallmarks of
severe SARS-CoV-2 infection 810

Given the inextricable links between coagulation and inflam-
mation, D-dimer, fibrinogen and inflammatory cytokines are cor-
related in COVID-19 disease.’® SARS-CoV-2 activates complement
pathways, further promoting endothelial cell injury, platelet acti-
vation and thrombosis.” Inhibition of inflammatory mediators in
the complement pathway in animal models of coronavirus infec-
tion, particularly the C3a and C5a, may lead to lower levels of
cytokines, lower viral load and reduced pulmonary injury.® Apart
from direct endothelial injury, complement activation may result
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Figure 1: Possible mechanisms for thrombosis in coronavirus disease 2019 (COVID-19) and clinical consequences. (A) Injury to the endothelium initiated
by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) entry into cells via the angiotensin-converting enzyme 2 (ACE2) receptor is thought to
lead to diffuse endotheliitis. The endothelial damage may result in an inflammatory host response characterized by excessive immune activation and
cytokine storm, which promotes hypercoagulability and thrombosis. (B) Possible venous and arterial thrombotic complications associated with COVID-
19. Note: DVT = deep vein thrombosis, FVIla = factor VIIA, IL-6 = interleukin 6, PE = pulmonary embolism, TF = tissue factor, TNF = tumour necrosis factor

a. Originalillustration by freelance medical illustrator Gail Rudakevich.

in thrombotic microangiopathy by inducing tissue factor expres-
sion, secretion of von Willebrand factor, and secretion and acti-
vation of factor V.?%2 Antiphospholipid antibodies and lupus
anticoagulant antibodies have also been detected in some
patients with COVID-19 and may contribute to the occurrence of
thrombotic events, although the prevalence and clinical signifi-
cance of these antibodies remain uncertain.?*®

What are the potential clinical manifestations
of disordered coagulation in COVID-19?

Venous thrombotic events

Venous thrombotic events appear to occur frequently in patients
with COVID-19%*? (Figure 1B). In a case series of 107 consecutive
patients with COVID-19 admitted to an intensive care unit (ICU)
in France, 20% developed venous thromboembolism (VTE)
despite standard pharmacologic thromboprophylaxis (and, in
2 patients, full-dose anticoagulation).?® When compared with

historical controls (including patients with respiratory failure
due to influenza), patients with COVID-19 were at least twofold
more likely to develop VTE during the same length of follow-
up.2® In a separate propensity-matched cohort from France,
patients with COVID-19 with acute respiratory distress syndrome
were 6 times more likely to develop pulmonary embolism com-
pared with patients with acute respiratory distress syndrome
from other causes.? Identifying markers of elevated thrombotic
risk and possible impending thrombotic complications may sup-
port clinicians in anticipating such complications. Studies have
highlighted biomarkers and illness severity as risk markers of
elevated thrombotic risk. For example, in the Netherlands,
among 198 patients in hospital with COVID-19, in whom 17%
received a diagnosis of VTE, an increased neutrophil-to-lymphocyte
ratio and D-dimer were independently associated with higher
incidence of VTE, which, in turn, was associated with a 2.4-fold
increased risk of death.?” By contrast, traditional clinical risk fac-
tors, such as obesity and previous thrombotic events, were not
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associated with a higher incidence of VTE.?" In the United States,
a multicentre observational study of 400 in-hospital patients
with COVID-19 (144 admitted to the ICU) observed a 4.8% rate of
radiographically confirmed venous thrombotic events and a
9.5% rate of overall thrombotic events occurring during the hos-
pital stay.* In this series, D-dimer > 2500 ng/mL, platelet count
> 450 10°/L, C-reactive protein > 100 mg/L and erythrocyte sedi-
mentation rate > 40 mm/h were all independently associated
with a higher likelihood of developing a thrombotic event during
the stay in hospital. As is the case in most studies on prevalence
of venous thrombotic events in COVID-19, this study is limited by
the fact that it was observational and did not have a systematic
protocol to screen for these events universally.

The frequency of identified thrombosis in patients with
COVID-19 is appreciably higher than that reported in patients
with other critical illness.?® When compared with patients with
community-acquired bacterial pneumonia, patients with COVID-
19 had higher D-dimer levels and lower C-reactive protein levels
at the time of hospital admission.? In an autopsy series from Ger-
many, bilateral deep venous thrombosis was detected in 7 of
12 patients with COVID-19, and massive pulmonary embolism
was the direct cause of death in 4 of these patients.*® Venous
thrombosis resulting in regional defects in pulmonary perfusion,
together with endothelial dysfunction and impaired hypoxic pul-
monary vasoconstriction, may also account for the severe hypox-
emia observed in some patients with normal or near-normal
respiratory system compliance.®

Arterial thrombotic events
An elevated risk of arterial thrombotic events also appears to be an
important feature of COVID-19. In a cohort of 214 patients (mean age
53 yr, 41% male) with COVID-19 from Wuhan, China, stroke occurred
in 6 patients.3 Stroke was also reported in a case series of 5 patients
aged between 33 and 49 years, in New York City.® Small vessel in
situ stroke, embolic stroke and large vessel in situ occlusions are
possible mechanisms for stroke in patients with COVID-19.3*
Cardiac injury (defined as serum high-sensitivity troponin
above the 99th percentile of the upper limit of normal) has been
shown to be common in patients with COVID-19 and associated
with a markedly poorer prognosis.®>* Among 416 patients admit-
ted to hospital with COVID-19, about 20% had cardiac injury.>®
Cardiac injury was associated with an increased risk of complica-
tions, including acute kidney injury, coagulation disorders and
death (the risk for the latter being 3.4-fold higher in patients with
cardiac injury than in those without it).* The cardiac complica-
tions of COVID-19 may relate to high ACE2 expression in cardiac
cells, including cardiomyocytes, fibroblasts and coronary endo-
thelial cells,’ facilitating entry of SARS-CoV-2 into these cell
types. Cardiac injury may result from microcirculatory or macro-
vascular coronary thrombosis (myocardial infarction), demand
ischemia, stress cardiomyopathy, myocarditis and right heart
strain, among other causes;*® many of these causes have poten-
tial links with hypercoagulability. Hypercoagulability in patients
with COVID-19 may also play a role in the development of acute
kidney injury,**# and acute limb and mesenteric ischemia, which
have been reported.*4

Microcirculatory thrombosis
Disseminated intravascular coagulation has been reported to be
associated with severe COVID-19. In a cohort of 183 consecutive
patients admitted to hospital with COVID-19, 11.5% (n = 21) died,
42.6% (n = 78) were discharged alive and 45.9% (n = 84) were still in
hospital on the last day of follow-up. A total of 71% (n = 15) of the
deceased patients met the International Society on Thrombosis
and Hemostasis diagnostic criteria for disseminated intravascular
coagulation compared with only 1 patient (0.6%) among those dis-
charged alive,? but the small sample size and the fact that many
patients were still in hospital at the end of the study period may
limit the generalizability of the findings.? Bleeding events in
patients with COVID-19 appear uncommon, but when they occur
they are likely related to consumptive coagulopathy.**
Intravascular coagulation may occur systemically but may be
particularly pronounced, or perhaps consequential, in the pulmon-
ary vasculature.® The heterogeneous rates of deep venous thrombo-
sis observed so far in patients with COVID-19%45% may suggest that
some of the thrombotic events observed in the lungs may be caused
by in situ pulmonary thrombosis rather than pulmonary embolism,
which deserves further study.*” Compared with patients who died
from influenza A HIN1 pneumonia in the 2009 pandemic, alveolar
capillary microthrombi have been reported to be 9 times more prev-
alent in lungs from patients with COVID-19 who died with respira-
tory failure.®®* ADAMTS-13 (a disintegrin and metalloprotease with
thrombospondin type motifs, member 13) is responsible for cleav-
ing the highly thrombogenic large multimers of the von Willebrand
factor, and its deficiency may lead to thrombotic thrombocytopenic
purpura, a prothrombotic condition.* Whether reductions in
ADAMTS-13 comprise an important mediator in microcirculatory
dysfunction, and a contributor to organ dysfunction in COVID-19, as
has been shown in septic shock, remains to be clarified.*

What biomarkers can inform the diagnosis of
coagulopathy and potential treatments?

Common laboratory abnormalities in COVID-19 coagulopathy
include increased D-dimer concentrations and elevated fibrino-
gen.™ Less commonly, decreased fibrinogen and platelet concen-
trations associated with prolongation of the prothrombin time
may occur and suggests the diagnosis of disseminated intravascu-
lar coagulation.? Prolongation of the activated partial thrombo-
plastin time may signify the presence of a lupus anticoagulant
antibody,?? which may be associated with a prothrombotic state.
D-dimer may identify patients with COVID-19 who are at risk for
thrombosis, and this marker has been proposed as a guide for clinical
decision-making with respect to thromboprophylaxis. In a study of
1099 patients with COVID-19 from Wuhan, China, 46% had a baseline
D-dimer level > 0.5 mg/L,*! and in 3169 patients from New York City
admitted to hospital with COVID-19, the median D-dimer at admis-
sion was elevated (438 ng/mL [interquartile range 262-872; reference
< 229]).%% The International Society on Thrombosis and Hemostasis,
following expert opinion and the aforementioned evidence,? recom-
mends measuring D-dimer in patients admitted to hospital with
COVID-19 to support risk stratification.> Elevated D-dimer at hospital
admission has been associated with increased mortality.>*¢
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What is the optimal antithrombotic strategy
for patients with COVID-19?

Consistent with recommendations for the care of medical patients in
hospital,>” current evidence-informed recommendations emphasize
the broad use of thromboprophylactic dose anticoagulation in
patients admitted to hospital with COVID-19 irrespective of disease
severity.>3® In the absence of clinical suspicion of VTE, there is insuffi-
cient evidence to recommend that D-dimer be used to determine
whether patients with COVID-19 should receive higher-dose anti-
coagulation or not. A retrospective observational study from Wuhan
suggested that the use of heparin (at low doses commonly used for
thromboprophylaxis) versus no heparin was associated with a lower
28-day mortality in patients with elevated D-dimer or high dissemi-
nated intravascular coagulation score.® The study authors were not
clear on which dose of heparin was used (most likely, patients in the
heparin group received prophylactic doses) and it seems unlikely that
many other centres would consider not using thromboprophylaxis,
as was the case of the comparator arm of this study.>®

Thrombotic events in patients with COVID-19 receiving heparin
at standard thromboprophylactic doses have been reported,32326:27
raising the question of whether higher doses of heparin may be
beneficial for these patients. In a retrospective cohort study of
2773 patients admitted to hospital with COVID-19 in New York City,
therapeutic anticoagulation (oral, subcutaneous or intravenous)
was associated with increased survival.®° A longer duration of anti-
coagulant treatment was associated with lower mortality in
patients on mechanical ventilation (adjusted hazard ratio 0.86 per
day, 95% Cl 0.82-0.89, p < 0.001). Three percent of those receiving
anticoagulants had a bleeding event, compared with 2% in those
not receiving anticoagulants (p = 0.2).° Methodological limitations
of the study included immortal time bias and confounding by indi-
cation, however, which limits clinicians’ ability to make inferences
from the findings.

Apart from its anticoagulant effects, heparin may also provide
benefit via other mechanisms, including suppressing inflammatory
cytokine levels, inhibiting complement and supressing neutrophil
chemotaxis and migration.®*%2 Heparin has previously been shown
to prevent endothelial injury by antagonizing histone and cell-free
DNA and by protecting endothelial tight junctions, thus decreasing
vascular leakage and pulmonary edema during sepsis.® In
COVID-19, heparin has been reported to be associated with lower
levels of D-dimer, fibrinogen and the proinflammatory cytokine
interleukin-6.1%%3 One intriguing experimental finding is that some
heparins may exert direct antiviral effects, by inducing conforma-
tional changes in the SARS-CoV-2 spike protein, thus inhibiting cel-
lular invasion by preventing binding to ACE2.% This antiviral effect
has not yet been demonstrated in a clinical study, however.

What clinical questions remain unanswered?

Given these mechanisms and the aforementioned clinical observa-
tions, several randomized controlled trials are currently testing the
hypothesis that therapeutic-dose heparin might improve outcomes
in patients with COVID-19. The Antithrombotic Therapy to Amelio-
rate Complications of COVID-19 (ATTACC; NCT04372589) trial is a

Canadian-led international trial, enrolling non-critically ill patients
admitted to hospital with COVID-19 in Canada, the United States,
Brazil and Mexico. The study is randomizing patients to therapeutic
heparin for 14 days versus usual care and is using a Bayesian
response-adaptive randomization design to allocate treatment or
control based on accumulating evidence of treatment response
according to baseline D-dimer. Additional trials (NCT04362085,
NCT04359277) are evaluating the effect of therapeutic anticoagula-
tion in patients with elevated D-dimer.

Two international trials are evaluating the impact of therapeutic
anticoagulation in critically ill patients requiring mechanical venti-
lation with or without support for organ failure. Therapeutic anti-
coagulation specifically for severe COVID-19 is being evaluated in
the pandemic stratum of the global Randomized, Embedded, Multi-
factorial Adaptive Platform trial for Community-Acquired Pneumo-
nia (REMAP-CAP; NCT02735707), and the Heparin Anticoagulation
in Septic Shock trial (HALO; NCT03378466) is evaluating therapeutic-
dose unfractionated heparin in patients with vasodilatory shock,

Box 2: Additional resources for patients and clinicians

Clinical guidance documents

® Clinical Guidance on the Diagnosis, Prevention and Treatment of
Venous Thromboembolism in Hospitalized Patients with COVID-19
(International Society of Thrombosis and Hemostasis [ISTH])™

® COVID-19 Treatment Guidelines from the United States National
Institutes of Health®®

® European Society of Cardiology Guidance for the Diagnosis and
Management of CV [Cardiovascular] Disease during the COVID-
19 Pandemic®®

® |STH Interim Guidance on Recognition and Management of
Coagulopathy in COVID-19%

® Thromboembolism and Anticoagulant Therapy During the
COVID-19 Pandemic: Interim Clinical Guidance from the
Anticoagulation Forum (US)®

Other online resources for clinicians

® COVID-19 Clinical Resources from Thrombosis Canada:
https://thrombosiscanada.ca/covid-19/

® COVID-19 Resource Center of the American Society of
Hematology: https://hematology.org/covid-19

® |STH Academy website (COVID-19 outbreak menu):
https://academy.isth.org/

Ongoing clinical trials

® We refer readers to Bikdeli and colleagues®’ for a list of ongoing
clinical trials regarding COVID-19 and antithrombotic therapies.
We also suggest searching the clinicaltrials.gov platform
(https://clinicaltrials.gov/ct2/results?cond = COVID-19), the
COVID-19 study database from the World Health Organization
(https://clinicaltrials.gov/ct2/who_table), the European Clinical
Trials Register (www.clinicaltrialsregister.eu/ctr-search/
search?query = covid-19) and the Global Coronavirus COVID-19
Clinical Trial Tracker (www.covid19-trials.com/).

Patient resources

® Patient resources can be found on the North American
Thrombosis Forum website, which includes links to patient
resources from several additional organizations:
https://natfonline.org/covid-19-updates/patient-resources/.
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some of whom have severe COVID-19. The results of these trials will
shed light on whether therapeutic anticoagulation with heparin is
superior to standard-dose heparin for patients with moderate or
severe COVID-19 disease. If it is, the potential for rapid scale-up of
heparin’s therapeutic application is strong, including in low- and
middle-income countries, given that the drug is relatively inexpen-
sive and widely available.

The utility of “intermediate” dose anticoagulation, the impact
of antiplatelet agents® and the benefit of postdischarge anti-
thrombotic regimens are also relevant topics that warrant evalua-
tion in clinical trials, some of which are planned or ongoing. Some
suggest that thromboprophylaxis after hospital discharge should
be considered for patients with COVID-19 who are at higher risk
for venous thrombotic events (e.g., patients who have reduced
mobility) or those who received mechanical ventilation.®® How-
ever, no robust data exist to support a broad recommendation,
and therefore an individualized approach to considering risk is
most appropriate.5”%® Platelets play an important role in the
development of thrombo-embolic events, and antiplatelet agents
such as acetylsalicylic acid® and ticagrelor™ have shown promise
in reducing risk of thrombotic events among patients with respi-
ratory infections. Very few studies have explored a possible role of
antiplatelet therapy in patients with COVID-19™ and a formal rec-
ommendation regarding its use cannot be made at this time.*”

Conclusion

Thrombosis is an important feature of patients with COVID-19.
Given the antithrombotic, anti-inflammatory and putative antiviral
mechanisms of action of heparin, therapeutic anticoagulation
offers compelling potential for benefit, but it has not yet been dem-
onstrated that the benefits outweigh the risks. Additional resources
for clinicians and patients are provided in Box 2. The results of clin-
ical trials are urgently needed to inform the optimal care of patients
with COVID-19 across the spectrum of disease severity.
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