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ABSTRACT

Coronavirus disease 2019 (COVID-19), a viral restpity illness caused by the severe
acute respiratory syndrome coronavirus 2 (SARS-@h\fnay predispose patients to thrombotic
disease, both in the venous and arterial circulafidue to excessive inflammation, platelet
activation, endothelial dysfunction, and stasisadidition, many patients receiving
antithrombotic therapy for thrombotic disease mayeadop COVID-19, which can have
implications for choice, dosing, and laboratory manng of antithrombotic therapy. Moreover,
during a time with much focus on COVID-19, it istical to consider how to optimize the
available technology to care for patients witho@\@D-19 who have thrombotic disease.
Herein, we review the current understanding ofghthogenesis, epidemiology, management
and outcomes of patients with COVID-19 who develepous or arterial thrombosis, and of
those with preexisting thrombotic disease who dgy€OVID-19, or those who need
prevention or care for their thrombotic diseaserduthe COVID-19 pandemic.

KEYWORDS: Coronavirus disease 2019, SARS-CoV-2, thrombasisthrombotic therapy,
anticoagulant, antiplatelet

ABBREVIATIONS

ACS = acute coronary syndromes

COVID-19 = coronavirus disease 2019

DAPT = dual antiplatelet therapy

DIC = disseminated intravascular coagulation

DOAC = direct oral anticoagulant

DVT = deep vein thrombosis

ECMO = extracorporeal membrane oxygenation
LMWH = low-molecular-weight heparin

PE = pulmonary embolism

PERTSs = pulmonary embolism response teams
SARS-CoV2 = severe acute respiratory syndrome emious 2
STEMI = ST-segment elevation myocardial infarction
UFH = unfractionated heparin

VEGF = vascular endothelial growth factor

VKA = vitamin-K antagonist

VTE = venous thromboembolism



Introduction

The coronavirus disease of 2019 (COVID-19) is alvliness caused by the severe acute
respiratory syndrome coronavirus 2 (SARS-CoV2), neemed a pandemic by the World
Health Organization (1-3). COVID-19 has a numbeingfortant cardiovascular implications (4-
6). Patients with prior cardiovascular diseaseatit@gher risk for adverse events from COVID-
19. Individuals without a history of cardiovascutbsease are at risk for incident cardiovascular
complications (5).

There are several ways in which the COVID-19 pandenay affect the prevention and
management of thrombotic and thromboembolic dis@aseafter collectively referred to as
thrombotic disease for brevity). First, the direffects of COVID-19 or the indirect effects of
infection, such as through severe illness and higpoxay predispose patients to thrombotic
events. Preliminary reports suggest that hemostanormalities, including disseminated
intravascular coagulation (DIC), occur in patieaffected by COVID-19 (7,8). Additionally, the
severe inflammatory response, critical illness, anderlying traditional risk factors may all
predispose to thrombotic events, similar to prioukent zoonotic coronavirus outbreaksable
1) (9,10). Second, investigational therapies foatireg COVID-19 may have adverse drug-drug
interactions with antiplatelet agents and anticéegs. Third, the pandemic, because of resource
allocations or social distancing recommendatioresy adversely affect the care of patients
without COVID-19 but who present with thromboticeens. For example, (mis)perception that
antithrombotic agents confer increased risk forti@ating COVID-19, may lead to untoward
interruption of anticoagulation by some patients.

The current manuscript, authored by an internatiooléaborative of clinicians and

investigators, summarizes the pathogenesis, epadegy, treatment, and available outcome data



related to thrombotic disease in patients with CD\XIB, as well as management of thrombotic
events in patients without COVID-19 during this gamic. Although the focus is on the
prevention and management of venous thromboembd@\fd) and antithrombotic therapy for
acute coronary syndromes (ACS), many of the recamlaténs are relevant to other conditions
requiring antithrombotic therapy. We provide claliguidance, when feasible, and also identify
areas that require urgent attention for futureaese
M ethodological Considerations

Every effort was made to provide a comprehensigeszsnent of the published evidence
(MEDLINE with PubMed interface, date of last sear&pril 12, 2020). To accommodate the
rapidly-evolving nature of information and concéonthe delay between completion of studies
and their publication, we also reviewed manuscrpt$wo pre-print servers

(https://www.medrxiv.org/ and https://www.ssrn.camdéx.cfm/en/coronavirus/, date of last

search April 12, 2020). We acknowledge that theusaripts from the latter two sources are not
peer-reviewed.

There is international variability in preventive aseires and testing strategies by local
authorities, diagnostic tests availability, acaessare and treatment strategies, as well as
variability in outcome reporting for COVID-19. Thesssues influence the reported diagnosed
cases, casualties, and in turn case-fatality rteseover, to date, we lack large prospective
cohorts. The existing evidence, including datatonrbotic complications, is derived primarily
from small and retrospective analysegy(re 1).

The current document represents an effort to peogiheral guidance for patient-care
related to thrombosis and antithrombotic theragyethe limitations of the evidence base, the

steering committee (BB, MVM, JIW, SK, SZG, AT, MMMK, GYHL) chose several



guestions that seemed more challenging but reldegrdtient care (11). These questions were
sent to the entire group of authors twice. The Dietpethod was implemented to provide
consensus-based guidance. The questions includetteoations for prophylactic or therapeutic
anticoagulant regimens among various subgroupsatenis with COVID-19, and

antithrombotic therapy in the setting of suspectedonfirmed DIC.

Pathogenesis and Transmission

SARS-CoV2 is a single-strand RNA coronavirus, whealers human cells mainly by
binding the angiotensin converting enzyme 2 (ACE2), which is highly expressed in lung
alveolar cells, cardiac myocytes, the vascular gredimm, and other cells (1,13). SARS-CoV2 is
transmitted primarily after viral particles are atad and enter the respiratory tract (1). In
addition, the virus can survive for 24-72 hourssarfaces, depending on the type of surface,
which enables fomite transmission (14).

Initial symptoms of COVID-19 overlap with other &irsyndromes, and include fever,
fatigue, headache, cough, shortness of breatithdmrheadaches, and myalgias (15-17). As
with other virulent zoonotic coronavirus infectiosisch as severe acute respiratory syndrome
(SARS) and Middle Eastern respiratory syndrome (I8EEOV), COVID-19 has the potential to
result in severe illness including systemic inflaatany response syndrome, acute respiratory
disease syndrome (ARDS), multi-organ involvemend, shock (18). Although older age and
comorbidities such as cardiovascular disease canfiggher risk for severe disease, young and
otherwise healthy patients are also at risk for glacations (19).

Common laboratory abnormalities found in patients COVID-19 include

lymphopenia (15) and elevation in lactate dehydnage and inflammatory markers such as, C-



reactive protein, D-dimer, ferritin and interlet8n(IL-6) (20). IL-6 levels may correlate with
disease severity, and a procoagulant profile (21).
COVID-19 and Hemostasis Parameters

The most consistent hemostatic abnormalities wWiEV{-19 include mild
thrombocytopenia (2nd increased D-dimer levels (23), which are assediwith a higher
risk of requiring mechanical ventilation, intenscere unit [ICU] admission, or death. Data
related to other tests are less certain and ofiatradictory (24,25). Disease severity is variably
associated with prolongation of the prothrombineti(RT) and international normalized ratio
(INR) (1,20,26), and thrombin time (TT) (27), arariably by a trend toward shortened activated
partial thromboplastin time (aPTT) (1,16,19,28)c&w#ly, Tang et al. (7) assessed 183 patients
with COVID-19, 21 of whom (11.5%) died. Among thetable differences between patients
who died and those who survived were increasedd@fdD-dimer and fibrin degradation
products ([FDPs], ~3.5- and ~1.9-fold increasepeesvely) and PT prolongation (by 14%,
P<0.001). Further, 71% of COVID-19 patients whaddglfilled the International Society on
Thrombosis and Haemostasis (ISTH) criteria (29062, compared with only 0.6% among
survivors. Collectively, these hemostatic changedscate some forms of coagulopathy that may
predispose to thrombotic even@efitral 11lustration), although the cause is uncertain.

Nevertheless, it is yet unknown whether these h&tioxhanges are a specific effect of
SARS-CoV-2 or are a consequence of cytokine stbangrecipitates the onset of systemic
inflammatory response syndrome (SIRS), as obsarvether viral disease (30-33). Another
consideration which has not yet been investigatetat the hemostatic changes seen with
COVID-19 infection are related to liver dysfuncti(84). A recent study reported 3 cases with

severe COVID-19 and cerebral infarction, one asdediwith bilateral limb ischemia, in the

10



setting of elevated antiphospholipid antibodies.etkler antiphospholipid antibodies play a
major role in pathophysiology of thrombosis assedavith COVID-19 requires further
investigation (35).

COVID-19, markers of myocardial injury, and thrombotic disease. Elevated troponin
levels are associated with poor outcomes in segéundles of COVID-19 (36). However, the
differential diagnosis for elevated troponin in CIDV19 is broad (37) and includes non-specific
myocardial injury, impaired renal function (leaditzgtroponin accumulation), myocarditis,
pulmonary embolism (PE), and Type | and Il myocardifarction (MI) (38,39). Similarly,
elevation of natriuretic peptides is non-speci88); and consideration for thrombotic events
(e.g., PE) should only be raised in the appropchtgcal context.

COVID-19 Investigational Therapiesand Considerationsfor Thrombotic Disease

Several investigational agents are being testéiodeimanagement of COVID-19,
especially for patients who develop severe diseasme of these drugs have clinically important
interactions with antiplatelet or anticoagulantratgdT ables 4 and 5).

Further, a few of these investigational agents Hmeen associated with excess risk (or, in
other cases, reduced risk) for thrombotic event&rathrombocytopenia in prior studies of non-
COVID-19 populations. For example, bevacizumab oaoelonal antibody that binds to
vascular endothelial growth factor (VEGF), andnsler investigational use for COVID-19, is
associated with increased risk for adverse cardimyar events, including Ml, cerebrovascular
accidents, and VTE (40,41). Alternatively, fingotich an immunomodulating agent being tried
for COVID-19, may reduce reperfusion injury and noye outcomes in patients suffering from

acute ischemic stroke (42). Hydroxychorloquineergly receiving Emergency Use
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Authorization from the U.S. Food and Drug Admirasgion for treatment of COVID-19, may
potentially exert antithrombotic properties, esp#giagainst anti-phospholipid antibodies (43).
COVID-19 investigational therapies and antiplatelet agents.

Scientists are studying a number of agents for @P1A treatment that may have
interactions with oral antiplatelet agentsble 3 presents potential drug interactions between
investigational drugs for COVID-19 and commonly acistered oral antiplatelet agents.
Lopinavir/ritonavir is a protease inhibitor and iints CYP3A4 metabolism. Although the active
metabolite for clopidogrel is mostly formed by CY®LD, inhibition of CYP3A4 may also lead
to reduction in effective dosage of clopidogrelctmtrast, inhibition of CYP3A4 may increase
effects of ticagrelor. Therefore, the concomitas# of these agents along with
lopinavir/ritonavir should be cautioned. Althougited clinical data exist, use of P2Yplatelet
function testing to guide the use of clopidogretioagrelor in this setting might be considered.
An alternative, in the absence of contraindicati@mn$o use prasugrel, which is not prone to
these interactions (44-47). Remdesivir, a nuclestidalog inhibitor of RNA-dependent RNA
polymerase, reportedly an inducer of CYP3A4; howedese adjustments for oral antiplatelet
agents are currently not recommended. Of notee thier no major drug-drug interactions
between investigational COVID-19 therapies and mpi@r@l antiplatelet agents such as cangrelor
and glycoprotein lIb/llla inhibitors.

COVID-19 investigational therapies and anticoagulants.

Table 4 summarizes interactions between investigationaysifor COVID-19 and
commonly administered oral anticoagulants. Lopiratenavir has the potential to also affect
choice and dosage of a number of anticoagulantseXample, vitamin K antagonists, apixaban,

and betrixaban may all require dose adjustmentievddioxaban and rivaroxaban should not be
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co-administered with lopinavir/ritonavir. Tocilizaah, an IL-6 inhibitor, increases expression of
CYP3A4; however, no anticoagulant dose adjustmamsurrently recommended with
concomitant use of tocilizumab at this time. Thame no major drug-drug interactions between
investigational COVID-19 therapies and parentensicaagulants. Although the focus of the
current manuscript is primarily related to VTE &hdsS, the guidance provided for
antithrombotic considerations is broadly relevambas other clinical indications.
COVID-19and VTE

Risk stratification and in-hospital prophylaxis.

Hospitalized patients with acute medical illnessjuding infections such as pneumonia,
are at increased risk of VTE (48,49). Prophylaatiticoagulation reduces the risk of VTE in
acutely ill hospitalized medical patients (50-5)d appropriate use of VTE prophylaxis is
covered in clinical practice guidelines (49,53,94ltiple risk stratification tools are available
for VTE risk assessment in this setting (e.g. tap@i, IMPROVE, and Padua models) (55-60).

The choice of specific risk assessment model may aeross health system. However,
similar to other acutely ill medical patients, VTiBk stratification for hospitalized patients with
COVID-19 should be undertaken. A recent study ff@nmna, using the Padua model, reported
that 40% of hospitalized patients with COVID-19 weit high risk of VTE. The study did not
provide data about the use of VTE prophylaxisheritcident VTE events (61). Hospitalized
patients with COVID-19 who have respiratory failereco-morbidities (e.g., active cancer, or
heart failure) (62), patients who are bedriddew, tiose requiring intensive care should receive
pharmacological VTE prophylaxis, unless there amgraindications. The choice of agents and
dosing should be based on available guideline revemdations (53,54,63). The World Health

Organization interim guidance statement recommenaishylactic daily low-molecular weight
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heparins (LMWHS), or twice daily subcutaneous urticmated heparin (UFH) (64). If
pharmacological prophylaxis is contraindicated, n@mical VTE prophylaxis (intermittent
pneumatic compression) should be considered in ibilired patients (64,65). Missed doses of
pharmacologic VTE prophylaxis are common and &edyliassociated with worse outcomes
(66). Therefore, every effort should be made taisnghat patients receive all scheduled doses
of pharmacologic VTE prophylaxis. In this regardce daily dosing regimen of LMWHSs may
be advantageous over UFH to reduce personal preesjuipment (PPE) use and exposure of
healthcare workers.

Consideration for risk of VTE in pregnant patiemigh COVID-19 deserves further
attention. The risk of VTE is increased during pragcy and the postpartum period (67,68).
Although limited data are available, pregnant woradmitted to hospital with COVID-19
infection are likely to be at an increased risK/OE. It is reasonable to assess the risk of VTE
and to consider pharmacological thromboprophylaespecially if they have other VTE risk
factors. Weight-adjusted prophylactic dosing of@sgulation is an interesting topic that
requires additional investigation (69).

Extended (post-discharge) VTE prophylaxis.

After hospital discharge from acute medical illnesd¢ended prophylaxis with LMWH
(70) or direct oral anticoagulants (DOACSs) (71-Zd reduce the risk of VTE, at the cost of
increase in bleeding events, including major blegdv5,76). While no data specific to COVID-
19 exist, it is reasonable to employ individualizesk stratification for thrombotic and
hemorrhagic risk, followed by consideration of exted prophylaxis (for up to 45 days) for

patients with elevated risk of VTE (e.qg., reduceabitity, co-morbidities such as active cancer,
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and [according to some authors in the writing gitpalevated D-dimer >2 times the upper
normal limit) who have low risk of bleeding (74,73).

The role of thromboprophylaxis for quarantined @ats with mild COVID-19 but
significant co-morbidities, or for patients withadDOVID-19 who are less active because of
guarantine is uncertain. These patients shouldibised to stay active at home. In the absence
of high-quality data, pharmacological prophylaxi®sld be reserved for those at highest risk
patients, including those with limited mobility ahdtory of prior VTE or active malignancy.
Diagnosis of VTE in patients with COVID-19.

As described above, elevated D-dimer levels, ismanoon finding in patients with
COVID-19 (23), and does not currently warrant roetinvestigation for acute VTE in absence
of clinical manifestations or other supporting imf@tion. However, the index of suspicion for
VTE should be high in the case typical DVT symptpmgoxemia disproportionate to known
respiratory pathologies, or acute unexplained ngimtricular dysfunction.

A diagnostic challenge arises among patients Wittv{D-19, as imaging studies used to
diagnose DVT or PE may not be pursued given rigkasfsmitting infection to other patients or
healthcare workers and potentially due to patiesiability. Moreover, imaging studies may be
challenging in the setting of patients with sevBRDS who require prone positioning.
Investigation for PE is not feasible due to critilaess and prone position. Lower extremity
ultrasound is also limited due to patient positigniDeterioration of right ventricular function in
this setting may be a critical finding, justifyitige need for ways to diagnose and treat PE.
However, it may be argued that the prognosis aéptt with ARDS requiring prone position is

so grave that investigation for underlying VTE nmey alter the course. A potential option may
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be to consider echocardiography to assess for sigostentially worsening right ventricular
dysfunction and in rare circumstances, clot ingiiafv9).
Role for empiric therapeutic anticoagulation without a diagnosis of VTE.

In view of the hemostatic derangements discussedeadind observations from prior
viral illnesses (80), some clinicians use interragzidose or full dose (therapeutic) parenteral
anticoagulation (rather than prophylactic dosiray)rbutine care of patients with COVID-19
(81), hypothesizing that it may confer benefit tey@nt microvascular thrombosis. However, the
existing data are very limited, primarily basedeosubgroup analysis (N=97) from a single
retrospective study with limited control for potiahiconfounders (82). A single center study
from China suggested that D-dimer levels >1,500hg#as a sensitivity of 85.0% and
specificity of 88.5% for detecting VTE events. Hag the study was limited by small sample
size and lack of validation. At this moment, wipl@ctitioners use a variety of prophylactic,
intermediate, or therapeutic doses of anticoagsilempatients, the optimal dosing in patients
with severe COVID-19 remains unknown and warrantthéer prospective investigation. The
majority of panel members consider prophylactieccaatgulation, although a minority consider
intermediate-dose or therapeutic dose to be rebtmna
I ncident venous thromboembolism.

Few published studies have commented on incidef Mpatients with COVID-19. In
a retrospective study from China, among 81 patieitts severe COVID-19 admitted to ICU, 20
(25%) developed incident VTE. Of note, none ofplaéents had received VTE prophylaxis
(85). In an preprint study of 25 patients with COWV19 from Wuhan, who were suspected of
having PE and underwent computed tomography arapbgr(CTA), 10 (40%) had evidence of

acute PE on imaging (https://papers.ssrn.com/sai@is.cfm?abstract_id=3548771); however,
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the study did not provide information related te a$ VTE prophylaxis or the reason for
performing CTA. In a study of 184 patients with eeyCOVID-19 from 3 academic medical
centers in the Netherlands, the authors reportd3t? (95%CI 20-41) of patients developed
incident VTE. All patients received pharmacologipebphylaxis, although under-dosing was
observed in 2 of the 3 participating centers (§hese findings require validation in additional
studies.

It is possible but unknown that VTE remains undegdised in patients with severe
COVID-19. This is important, as ARDS in patientswCOVID-19 is, itself, a potential etiology
for hypoxic pulmonary vasoconstriction, pulmonaypértension and right ventricular failure.
Further insult from PE may be unrecoverable.

Medical therapy for VTE.

Therapeutic anticoagulation is the mainstay of \fieatment (49,86,87). Selection of an
agent requires consideration of comorbidities aghenal or hepatic dysfunction,
thrombocytopenia and gastrointestinal tract fumgtand the agent will likely change across the
hospital course to the time of discharge. In mdrigpatients with VTE, parenteral
anticoagulation (e.g. UFH) is preferred as it maytdmporarily withheld and has no known
drug-drug interactions with investigational COVID-therapies. Concerns with UFH, however,
include the time to achieve therapeutic aPTT, aoceased healthcare worker exposure for
frequent blood draws. Therefore, LMWHs may be preféin patients unlikely to need
procedures. The benefit of oral anticoagulatiolidOACSs include the lack of need for
monitoring, facilitation of discharge planning, amatpatient management. The potential risk
(especially in the setting or organ dysfunction)yrmelude clinical deterioration and lack of

timely availability of effective reversal agentssaime centers. For patients who are ready for
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discharge, DOACs or LMWH would be preferred to timontact of patients with healthcare
services required for INR monitoring for VKAs.
COVID-19 and interventional therapiesfor VTE.

Pulmonary embolism response teams (PERTS) allomtdtidisciplinary care for
patients intermediate and high-risk with VTE (4938. During the COVID-19 pandemic,
similar to other consultative services, PERTs sthdnansition from in-person inpatient
evaluation to e-consults using phone calls or tefioine systems whenever feasible. It is
important to note that, there are minimal availatdéa demonstrating lower mortality from
routine use of advanced VTE therapies (91,92). dfbeg, the use of catheter-directed therapies
during the current outbreak should be limited ®iost critical situations. Indiscriminate use of
inferior vena cava filters should be avoided ($current PE despite optimal anticoagulation,
or clinically-significant VTE in the setting of atisite contraindications to anticoagulation would
be among the few scenarios in which placement ahfa@nior vena cava filter may be considered
(11). Even after IVC filter placement, anticoagidatshould be resumed as soon as feasible, and
this is often done with gradually increasing domses close observation for bleeding. With
regard to reperfusion strategies for acute PEeatiuguideline recommendations should be
followed. Intermediate-risk hemodynamically stapéients (intermediate-low risk, or
intermediate-high risk PE according to ESC clasaifon, sub-massive PE according to prior
classifications) (49,87,91,94) should be managgulily with anticoagulation and close
monitoring. In case of further deterioration, ressystemic fibrinolysis should be considered,
with catheter-directed options as an alternatiwe.datients with overt hemodynamic instability
(high-risk PE according to the ESC classificatimassive PE according to prior classifications)

(49,87,91,94) systemic fibrinolysis is indicatedthacatheter-based therapies reserved for
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scenarios that are not suitable for systemic fadyisis. If infection control settings are equal,
bedside initiation of extracorporeal membrane oxgg®n (ECMO) is preferred in cases with
known COVID-19 positivity or uncertain status, ratithan support strategies requiring the use
of a catheterization laboratory or an operatingnd®5).Figure 2 presents a potential algorithm
for treatments based on risk due to VTE and COV&s4verity.

The vast majority of patients with symptomatic @cdéep venous thrombosis (DVT),
should be managed with anticoagulation, with homatiment whenever possible. The few that
may require acute endovascular techniques (eiticat fibrinolysis or embolectomy) include
those with phlegmasia, or truly refractory symptd8g).

COVID-19 and Acute Coronary Syndromes
COVID-19 and incident ACS.

Myocardial injury in COVID-19, as evidenced by edézd cardiac troponin levels or
electrocardiographic and echocardiographic abndtieslis associated with severe disease.
Furthermore, higher troponin levels are associaf#iu severe COVID-19 (5,97). However, not
all such events are due to thrombotic ACS. Whilecaotal cases of patients with COVID-19
presenting with ACS due to plaque-rupture have loemsaribed (type | Ml), currently no such
cases have been published. Such cases have begmeal®usly described with influenza or
other viral illnesses, and have been attributes tcombination of SIRS as well as localized
vascular/plague inflammation (10,98,99).

COVID-19 and antithrombotic therapy for ACS.

In presentations consistent with ACS due to plagypéure (i.e. Type | MI) (39), dual

antiplatelet therapy (DAPT) and full dose anticdagan per American College of Cardiology

(ACC)/American Heart Association (AHA) and the Epean Society of Cardiology (ESC)
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guidelines should be administered unless thereartaindications (100-103). In patients with
perceived elevated bleeding risk, regimens with fgstent antiplatelet agents, such as with
clopidogrel, should be considered given that hehagic complications are not uncommon.
Special attention should be also given to drug-dnteyactions between antiplatelet agents or
anticoagulants and COVID-19 investigational thezapParenteral antithrombotic agents, in
general, do not have known major interactions WithCOVID-19 investigational therapies
(Tables 4, 5).
COVID-19 and interventional therapies for ACS.

The American College of Cardiology (ACC) and Socier Cardiovascular
Angiography and Interventions (SCAI) recently paed guidance regarding catheterization
laboratory procedures in the current climate (84)1The recommendations note that it is
reasonable to continue optimal medical therapydsaidr non-urgent cardiac procedures, in
order to preserve PPE, hospital resources includipgtient and ICU beds, and minimize
exposure for patients and healthcare workers, .alike

Prior to intervention, efforts should be made tstidguish non-specific myocardial
injury, myocarditis, and true plaque rupture préastons (104). A low threshold to use
transthoracic echocardiography to identify wall ilmotabnormalities should be considered prior
to catheterization laboratory activation. Evenase of STEMI, in which primary percutaneous
coronary intervention (PCI) reduces mortality aechfarction, risk of COVID-19 transmission
from patients to healthcare workers, or vice véasgmptomatic vectors) must be considered. In
light of this, individual centers in China and eléere have developed adjusted ACS protocols,
which call for consideration of fibrinolytic therajn selected patients with STEMI (105).

Centers in which timely percutaneous coronary w@stion is less feasible may be more likely
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to adopt such a strategy. However, given that ptasens of COVID-19 can mimic ACS (e.g.
in the setting of myocarditis), fibrinolytic thenamust be used with caution.
Critical Illnesswith SARS-CoV-2 and M anagement of Antithrombotic Agents

The risk of VTE, which is increased in criticallypatients, is likely even higher in those
with SARS-CoV-2 and critical iliness. Aside fromrhestatic derangements, immobility, an
systemic inflammatory state, mechanical ventilagod central venous catheters contribute to
VTE risk within the ICU (106-108), Nutritional defencies and liver dysfunction may also
interfere with the production of coagulation fast¢t09). Alterations in pharmacokinetics in
critically ill patients may necessitate anticoagjola dose adjustment (110), due to factors
relating to absorption, metabolism, and renal @pdtic) elimination of these drugs in the setting
of potential organ dysfunction.

Parenteral anticoagulation is recommended in masdscin which anticoagulant therapy
is needed for known thrombotic disease. UFH candeel in the setting of anticipated
procedures, or in patients with deteriorating réaattion. If no urgent procedures are
anticipated, LMWHSs are a reasonable alternativd 1lh patients requiring ECMO,
anticoagulation is frequently required to maintaiincuit patency, especially at lower flow
settings. Rates of complications are unknown irep&t with SARS-CoV-2, but rates of
thrombosis and hemorrhage may be as high as 53%6drespectively, in other populations
with respiratory failure (112). The limited outcomiata that are available for ECMO in patients
with SARS-CoV-2 suggest poor outcomes, with 5 pafients dying in one series and 3 out of 3
in another (113,114 here are currently insufficient data to recommanticoagulation targets
for COVID-19 patients requiring ECMO (115).

Additional considerations.
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As previously mentioned, severe COVID-19 may prease to DIC with such patients
experiencing particularly poor outcomes (7). Suppercare and addressing the underlying
hypoxia or co-infection are appropriate (29). Thare insufficient data to recommend
transfusion thresholds that differ from those reownded for other critically ill patients. If
invasive procedures are planned, prophylactic fusitn of platelets, fresh frozen plasma,
fibrinogen, and prothrombin complex concentrate ipaygonsidered (29). Lastly, patients
requiring targeted temperature management may iximdongations of both PT and aPTT
without evidence of bleeding diathesis (116). Tfares correction of coagulopathy in
unselected patients without overt bleeding, isauptently recommended.

DIC and Considerations for Antithrombotic Therapy
Diagnosis and management.

DIC is common in many patients with critical illee@ 17), including those with COVID-
19 (7,118). It is uncertain whether COVID-19 hague characteristics to cause direct
activation of coagulation. The diagnosis of DIMest established using the ISTH DIC score
calculator (29). Regular laboratory monitoring tdtplet count, PT, D-dimer, and fibrinogen in
patients with COVID-19 is important to diagnose sening coagulopathy. The first step in
management of DIC is to identify and treat the ulytley condition(s). Bacterial superinfections
should be treated aggressively.

In addition to preventing VTE, LMWH prophylaxis mdgcrease thrombin generation
and modify the course of DIC. Preliminary resudtibeit with small number of events and
limited adjustment, may suggest a favorable resp&aesn LMWH prophylaxis (82,118). Long-
acting antiplatelet agents should be generallyogisoued in most patients with DIC, unless

required (e.g. recent ACS or stent implantationy. ratients with moderate or severe COVID-19
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and an indication for dual antiplatelet therapg (€CI within the past 3 months or recent MI)
and with suspected or confirmed DIC without ovéeeling, in the absence of evidence
decisions for antiplatelet therapy need to be idialized. In general, it is reasonable to
continue dual antiplatelet therapy if platelet coefs0,000, reduce to single antiplatelet therapy
if 25,000<platelet count<50,000, and discontinue if platet5,000. However, these guidelines
may be revised upward or downward depending omtigidualized relative risk of stent-
related thrombotic complications vs. bleeding. Recy from DIC is dependent on endogenous
fibrinolysis breaking down the disseminated thrombi

Management of bleeding:

Clinically-overt bleeding is uncommon in the seaftiof COVID-19. However, when
bleeding occurs in COVID-19-associated DIC, blooadpicts support should be considered as
per septic coagulopathy (119). In summary, the stajnof blood products transfusion are as
follows: platelet concentrate to maintain plateleant >50 x 1¥L in DIC patients with active
bleeding or >20 x L in those with a high risk of bleeding or reqoigiinvasive procedures.,
fresh frozen plasma (FFP) (15-25 mL/kg) in patienth active bleeding with either prolonged
PT and/or aPTT ratios (>1.5 times normal) or desddibrinogen (<1.5 g/L), fibrinogen
concentrate or cryoprecipitate to patients withsjg#ing severe hypofibrinogenemia (<1.5 g/L),
and prothrombin complex concentrate (PCC) if FlaRgfusion is not possible. With the existing
data, tranexamic acid should not be used routimeGOVID-19-associated DIC.

Management of Patients with Thromboembolic Disease without COVID-19

The main goal of management for patients with knownew-onset thrombotic disease

but without COVID-19 is to provide sufficient amtiombotic protection, while minimizing

physical contact between patients and healthcarkesoand health systems. Outpatient

23



management or early discharge for acute VTE shioailthstituted when possible (120-122), and
early discharge after medication stabilizationlév-risk ACS or PCI for high-risk ACS should
be considered (100-102). Telemedicine should betéterred method of follow-up, and in-
person visits should be reserved only for scenahiascannot be addressed by telemedicine, or
that may potentially warrant hospitalization.

In general, pharmacotherapy in patients with kntlwambotic disease and without
COVID-19, should be followed similar to the peripdor to the pandemic. Although a recent
document from the CDC indicated an increased risegere COVID-19 in patients receiving
“blood thinners” (123), there is no evidence thaif@atelet agents or anticoagulants, increase
the risk of contracting COVID-19, or of developisgvere COVID-19. Sufficient education
should be provided to patients for self-monitoragiggymptoms, and to avoid unnecessary
emergency department visits for nuisance bleeding.

For patients receiving VKAS, frequent INR monitaggimay pose logistical challenges
due to lockdowns and may unnecessarily increasagkef being exposed to SARS-CoV-2.
Therefore, thoughtful considerations should be miteepotential alternatives, including using
extended INR testing intervals if prior INRs haweeh stable (124). Other alternatives include
home-based INR checks, if this can be set up prgngrive-through INR testing, or switching
to a DOAC or LMWHSs when clinically appropriatBigure 3). A summary of key
recommendations is presentediable 6.

Impact of COVID-19 on Healthcare Workers and Health Systems
Considerationsfor healthcare workers.
The CDC recommends contact and droplet personalf@Rtealthcare workers in their

routine care of patients with COVID-19. If an aexegenerating procedure is being performed
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(e.g. intubation, extubation, cardiopulmonary regation), additional airborne PPE with an
N95 respirator is recommended. Use of telemediicimace of in-person office visits is a
strategy to minimize physical exposure. Furtheaitlehave been discussed elsewhere (5,104).

The following considerations specific to the caf@atients with thrombotic disease may
be useful. Over-the phone and telemedicine appesashould be considered for all non-urgent
appointments. For necessary in-person visits,oris@strictions and staggering of appointments
are important considerations (125). For patienth @OVID-19 who require urgent procedures,
such as interventions for ACS, high-risk PE, oticai limb ischemia, the fewest number of staff
necessary should be involved. For patients witkaotvn infection, healthcare workers should
screen patients for COVID-19 exposures or infettj\donsider appropriate PPE during the
procedure, and apply disinfection techniques postgrure, as outlined previously (126). In
patients who require, emergent cardiac cathetéizatith unknown COVID-19 status, airborne
PPE with an N95 respirator and/or Powered Air Burg Respirator is recommended (127,128).
Considerations for health systems.

Active involvement of health systems with respedte care of patients with thrombotic
disease are critical to achieving good outcomegdtin COVID-19-infected and uninfected
patients. If feasible, resources should be allattdeenable at-home or drive-through INR
checks. Further, system-based considerations sheuftdade to monitor and make necessary
adjustments to algorithms for management of susdeSTEMI or severe PE requiring PERT
teams. If procedures are deemed necessary for CQVYlibfected patients, specific protocols
should be put into place regarding PPE use and disimfection.

Role of Professional Societies
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Professional societies, along with other partniesse an important role in knowledge
generation and dissemination for various aspec®¥ID-19 (5,84,104), as well as leading by
example. lllustrative examples include the resgaasand wise decisions by the ACC to cancel
the 2020 Annual Scientific Sessions, the SCAI tacehithe 2020 Annual Scientific Sessions,
and the ISTH to cancel the XXVIII Congress of tBd H to promote social distancing and to
avoid further spread of the disease. Enabling mgegtio continue virtually, as with the recent
ACC scientific sessions (in this case at no chalg#her promotes knowledge dissemination
and sense of community, allowing a semblance anality in challenging times. Many
professional societies, including the ACC, the Aicaar Heart Association (AHA), American
Society of Hematology, ESC, the ISTH, and othems campiling COVID-related resources in
dedicated websites. Professional societies cahdufoster collaborative knowledge generation
by supporting multicenter multinational originatearch studies to address the pressing clinical
or laboratory questiongigure4).

Public Health Considerations Related to Carefor Thrombotic Disease

The WHO and government agencies have recognizettitieal importance of public
health interventions at the societal level (inchgdsocial distancing and self-isolation) to
decrease transmission rates and alleviate the buwm&ealth systems (129). In the most affected
areas, governments have enacted mandatory homantgjuarfor all non-essential personnel
(130-132). There are several important issuesgider as these interventions relate to
thrombotic disease.

First, given the recommendations to stay at honitl, decreased daily activity and
sedentary lifestyles, patients may be at increasgdor VTE (133-137). Clinicians should be

aware of this (especially in older adults and higfiek patients) and provide education on the
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importance of home activities to mitigate this r{d8). Second, as daily routines are disrupted,
dietary changes (especially in daily intake of greegetables, which are the major source of
vitamin K in the Western diet) may affect patiewtso receive VKAs. As quarantine measures
become more severe, changes in diet and vitamiriaké may impact INR values. Providers
and patients should be aware of these risks, atehpgmshould be advised to maintain stable diet
to the best of their ability. Third, the COVID-1@mdemic has produced damaging economic
effects (139), with United Nations estimating tG&@VID-19 is likely to cost the world economy
more than $2 trillion in 2020. These losses mayeesbly affect patients’ treatment for
thrombotic diseases. Socioeconomic disadvantagbdeslinked to higher rates of VTE and
adverse outcomes (140,141). As the economic eftéc@©OVID-19 continue to evolve, these
communities may come under new and significansstre
Future Directions and Conclusions

More data and higher-quality data are require@aon how COVID-19 and thrombotic
disease interact. Such data, ideally derived froosgective, multicenter, multinational studies,
could help to elucidate the similarities and distiions in disease presentation and outcomes of
patients with COVID-19 and preexisting and incidémbmboembolic disease, and help to
identify management strategies to optimize outcoimésese patients. Currently, one large
international registry of patients with venous thimembolism (the Registro Informatizado
Enfermedad TromboEmbodlica [RIETE]) (142) is incagting data elements for COVID-19,
and a dedicated adjudicated prospective registsyudy COVID-19 and other cardiovascular
outcomes is being initiated (CORONA-VTE, BWH Throosis Research Group; Pl: G. Piazza).
A multicenter multinational ACS registry is has bagand a new AHA registry for

cardiovascular care and outcomes of these pati®péial attention should also be given to
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patients with pre-existing thromboembolic disea$® Wave limited access to care in the face of
the COVID-19 pandemic, which has hindered trangpior and limited the resources of the
healthcare system.

Funding agencies, professional societies, and arg@éons with active patient
participation will all play an important role whé@rcomes to future research in this area. Funding
agencies, including the National Institutes of He&lvhich has already responded swiftly) (143)
should continue to pay specific attention to thaagiemic. Coordination and cooperation are
necessary to quickly address research prioritidsiding those related to thrombotic disease
(Tableb5). Organizations such as the Patient-Centered @dsdresearch Institute (PCORI) and
the North American Thrombosis Forum (NATF) can easbe voices and concerns of patients
are at the forefront of research questions. Prafeaksocieties, including the AHA, ESC, ISTH,
IUA, and others should promote knowledge generaimhdissemination and advocacy in this
challenging climate.

The current manuscript has provided an interim samgrand guidance for
considerations related to thrombotic disease atithesmbotic therapy during the COVID-19
pandemic. Such guidance should supplement, rataardupplant, clinical decision-making.
Nuances of conversations between patients andpyaets should be considered for
appropriate patient-centered decisions.

In conclusion, thrombotic disease may be precefdetdrs or incident complications in
patients with COVID-19. Important considerationsttoe preventive and therapeutic use of
antithrombotic agents should be kept in mind tdgate the thrombotic and hemorrhagic events

in these high-risk patients. Funding agencies,gasibnal societies, patients, clinicians, and
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investigators should work collaboratively to efigety and efficiently address numerous critical

areas of knowledge gap.

29



Bullet Points

. Coronavirus disease 2019 (COVID-19) may prediggustients to arterial and venous
thrombosis.
. Initial series suggest the common occurrenceeabus thromboembolic disease in

patients with severe COVID-19. The optimal prewanstrategy warrants further investigation.
. Drug-drug interactions between antiplatelet agamid anticoagulants with
investigational COVID-19 therapies should be coessd.

. The available technology should be used optintallgare for patients without COVID-

19 who have thrombotic disease during the pandemic.
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FigureLegends
Figure 1. Variability in resources and testing strategies, and in contracting COVID-19 after

exposure to SARS-CoV-2. Such variability explains the dissimilar populati@tes of the
infection, and the distinct case fatality ratespas various regions and countries. Inflammatory
response, increased age, and bed-ridden statush-att@ more frequently observed in severe
COVID-19- may contribute to thrombosis and advexgeomes. Coronavirus Disease 2019
(COVID-19), severe acute respiratory syndrome cavons 2 (SARS-CoV-2), VTE indicates
venous thromboembolism.

Figure 2. Risk stratification of acute coronary syndromes and venous thromboembolism

with COVID-19. Proposed algorithm to risk stratify patients basedeverity of ACS, VTE,

and COVID-19 presentations. *High-risk ACS refaygatients with hemodynamic instability,
left ventricular dysfunction or focal wall motiob@ormality, or worsening or refractory
symptoms. High-risk VTE refers to patients withrpohary embolism who are
hemodynamically unstable, have evidence of rightneular dysfunction or dilatation, or with
worsening or refractory symptoms. THigh-risk COVI1B+efers to patients with high suspicion
for or confirmed COVID-19, including individuals thi high viral load, symptomatic with
coughing/sneezing or other respiratory symptomsaamigk for requiring intubation and
aerosolizing viral particles. ¥Hemodynamic supmactudes intra-aortic balloon pump,
percutaneous ventricular assist device, and exypaceal membrane oxygenation.
Hemodynamic monitoring refers to Swan-Ganz catHetenvasive hemodynamic assessment.
For potential drug-drug interactions, please redérables 4 and 5. ACS indicates acute
coronary syndrome; GDMT, guideline-directed medical therapy; TTE, transthoracic

echocardiogram; VTE, venous thromboembolism.
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Figure 3. Considerationsfor Switching Vitamin-K Antagonists (VKAS) Due to Limitations
with Accessto Careor Healthcare Resources During COVID-19 Pandemic. If switching the
anticoagulant agent is planned, care should bentetkbe sure that the patient is able to afford
and receive the alternative therapy. Contraindicatito DOACSs include mechanical heart
valves, valvular AF, pregnancy or breastfeedingl-8Pand co-administration of medications
including strong CYP3A and P-glycoprotein inhibgdrazole medications, HIV protease
inhibitors [dependent on DOAC, may just requireedoesduction], CYP3A4 inducers (anti-
epileptics), St. John’s Wort, rifampin, etc. Patieducation about stable dietary habits while
receiving VKA is also important. If DOACs area ramailable or approved by insurance,
LMWHSs could be used in select cases. Abbreviatié#s:atrial fibrillation, APLS: anti-
phospholipid syndrome, DOAC: direct oral anticoamu) INR: international normalized ratio,
LMWH: low-molecular weight heparin, VKA: vitamin-kntagonist.

Figure4. Considerationsfor Thrombotic Disease for Patients, Healthcare Providers, and
Health Systems and Professional Societies During the COVID-19 Pandemic. The approach
to safe evaluation and management of thromboteades in patients with COVID-19 has several
levels of involvement. Hospitalized patients wattisting VTE should continue on
anticoagulation with consideration of drug-drugenaictions, especially with antiviral
medications Table 2). Hospitalized patients with reduced mobility shiblbe started on VTE
prophylaxis. Patients who are discharged or nopitalszed should continue recommended
anticoagulation therapy. Telemedicine and drivexlgh or home INR checks can reduce the
risk of exposure of both patients and healthcaogigers to COVID-19 while assuring proper
management of anticoagulation. In appropriate ¢casesider switching VKAs to DOACs to

diminish the need for frequent INR checks (see fféigh). Healthcare workers should continue
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existing precautions including use of PPE and miimg individual contact with COVID-19
patients. If emergent procedures for thrombotiease (e.g. cardiac catheterization, pulmonary
thrombectomy) are needed, procedure rooms shoulisb#ected and the use of negative
pressure operating rooms should be implementedaiglle. Expedited funding for
observational and randomized control trials in ng@maent of thrombotic disease is encouraged.
aPTT: activated partial thromboplastin time, DOAIGect oral anticoagulant, INR: international
normalized ratio, PT: prothrombin time, PPE: peeaagmotective equipment, VKA: vitamin-K
antagonist, VTE: venous thromboembolism.

Central Illustration. Postulated M echanisms of Coagulopathy and Pathogenesis of
Thrombosisin COVID-19. A) Sars-COV-2 infection activates an inflammataggponse,

leading to release of inflammatory mediators. Ehdll and hemostatic activation ensues, with
decreased levels of TFPI and increased tissuerfadte inflammatory response to severe
infection is marked by lymphopenia, and thrombopgtua. Liver injury may lead to decreased
coagulation and antithrombin formation. B) COVID+1y be associated with hemostatic
derangement and elevated troponin. C) Increasethttwmembolic state results in venous
thromboembolism, myocardial infarction, or in caséurther hemostatic derangement;
disseminated intravascular coagulation. COPD: dhrobstructive pulmonary disease; CRP: c-
reactive protein; FDP: fibrin degradation produdE: heart failure; TFPI: tissue factor pathway

inhibitor; IL: interleukin; LDH: lactate dehydrogase; PT: prothrombin time.
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Table 1. Select Summary of Thrombotic and Thromboemboalic Events During Viral Outbreaks

Proposed M echanisms | Event Type Epidemiological data
Severe Acute Respiratory Syndrome (SARS)
. Inflammatory cytokine release Venous . Retrospective analysis of 46 critically ill patientith SARS showed 11 DVT and 7 PE events.(145)
«  Critical illness Thromboembolism| «  Case series of 8 SARS positive ICU patients. Autagentified PE in 4, and DVT in 3 individuals.(144
. Therapeutic risk factors.(144) Arterial . In a prospective series of 75 patients, 2 patigied of acute myocardial infarction (within 3-wegériod).(146)
Thrombotic . Case report of an NSTEMI patient who received R@ldnbsequently developed STEMI several hours, later
Events concerning for immune-mediated plaque instabilli%?)
Other . In a case series of 206 patients with SARS, 5 dpel large artery ischemic stroke with DIC preser®/5.(148)
. In a retrospective analysis of 157 patients witiRSAisolated, subclinical elevations in aPTT wested in 96
patients and DIC developed in 4 patients.(149)
Middle East Respiratory Syndrome (M ERS-CoV)
. Nonspecific mechanism; potentially Other . In a series of 161 cases of MERS (confirmed antalte), at least 2 were reported to have a consuenpt
similar to SARS. Models suggest elevated coagulopathy.(152)
inflammatory cytokine levels.(150)
. Transgenic murine models show evidende
of microvascular thrombosis.(151)
Influenza
. Possiblede novo pulmonary emboli in Venous . Retrospective study of 119 patients showed 4 VTéheyin patients receiving prophylactic anticoatiofa(154)

certain cases.(153)

. Acute inflammation and decreased
mobility in hospitalized patients.(154)

. Possible thrombosis due to rupture of pre

Thromboembolism

.

. Case series describes 7 PEs in patients with imflu@neumonia. In 6/7 there was no evidence of Q\sB)

. A multicenter, observational, case-control studyl@b4) suggests lower VTE rates are associatedinfltrenza
vaccination (odds ratio: 0.74; 95% CI: 0.57-0.915§)

. Thisis a representative but not comprehensive list of associated studies.

existing high risk plaques.(99) Arterial «  Aself-controlled study of 364 patients hospitadizeith acute myocardial infarction found an inceshincidence
. Platelet aggregation over inflamed Thrombotic ratio (IR=6.05, 95% confidence interval: 3.86 t6®).for myocardial infarction during periods aftefluenza

atherosclerotic plaques noted in animal | Events compared with controls.(157) Similar evidence existprior studies.(158,159)

models.(155) +  Aretrospective cohort study of 119 patients rep8rarterial thrombotic events, two of which hadESIT (154).

. Thisis a representative but not comprehensive list of associated studies.
Other . DIC has been described with influenza infectiom mumber of case reports and small case seriesl@®0

COVID-19
. Mechanistic understanding continues to | Venous . In a preprint retrospective study, 10/25 patiertt® wnderwent computed tomography pulmonary angadgraad

evolve. Thromboembolism acute PENttps://papers.ssrn.com/sol3/papers.cfm?abstra85&B77)

. Factors may include inflammatory
cytokine release and critical

. Two-case series of acute pulmonary embolism weseritesd in patients hospitalized with COVID-19.(83)
. In a study from 3 hospitals from the Netherland$p3f 184 critically-ill patients with COVID-19 hadTE.

illness/therapeutic risk factors.

. SARS-CoV-2 binds cells expressing
angiotensin converting enzyme 2 (163) a
this may mediate further mechanisms of
injury.(164)

Arterial . Evidence regarding ACS with concurrent COVID-1%ittfon is limited to anecdotal reports. A pre-psimntgle-
Thrombotic center retrospective study reported 11 cases &€ achemic stroke among 221 patients with COVID-19
néEvents (https://papers.ssrn.com/sol3/papers.cfm?abstra858002)
. Data are continuing to emerge regarding the risk of thrombotic events associated with COVID-19 infection, and an
international registry for ACSis planned. Please see text for more detail.
Other Retrospective analysis of 183 patients faumutsurvivors had significantly higher D-dimer & values, compared with

survivors. Further, 15/21 (71.4%) of non-survivorst criteria for DIC, versus 1/162 (0.6%) of suoiis.(7)
Systematic review of literature published prioF&bruary 24, 2020 suggests elevations in PT anihigrdevels were
associated with poor prognosis in patients with @Y9.(165)

ACS = acute coronary syndrome; aPTT = activatetighéhromboplastin time; COVID-19 = coronaviruséase of 2019; DIC = disseminated intravasculaguea#on; DVT = deep vein
thrombosis; ICU= intensive care unit; MERS = Mid&last Respiratory Syndrome; NSTEMI = non-ST elewvamyocardial infarction; PCI = percutaneous cagrintervention; PE = pulmonary
embolism; PT = prothrombin time; SARS = severe acespiratory syndrome; STEMI = ST-elevation mydadrinfarction; VTE = venous thromboembolism.
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Table 2. Association Between Coagulation Abnor malities or Markers of Thrombosis and Hemostasis and Clinical Outcomesin Patientswith COVID-19

Han 2020 Huang 2020 | Yang 2020 Zhou et al Gao 2020 Wang 2020 Wu 2020 Tang 2020 Lippi 2020 Lippi 2020 Lippi 2020
(N=94)(24) (N=41)(1) (N=52)(26) | (N=191)(20) | (N=43)(27) | (N=138)(16) | (N=201)(19) | (N=183)(7) (N=1779)(2 | (N=553)(23) | (N=341)(36)
2
Platelet count
Setting of Comparison ICU vs. non-Dead vs. Dead vs. ICU vs. non-| Dead vs. Dead vs.
ICU alive alive ICU alive alive
Platelet Count 196 (165- | 191 (74)vs. | 166 (107- 142 (110- 162 (111- -48 (-57 - -
263) vs. 149 | 164 (63) 229) vs. 220 202) vs. 165 | 231) vs. 204 39)*
(131-263) (168-271) (125-188) (137-263)
D-dimer (mg/L)
Setting of Comparison|  Severe vs. | ICU vs. non- Dead vs. Severe vs. ICU vs. non- | Dead vs. Dead vs. Severe vs.
non-severe | ICU alive non-severe | ICU alive alive non-severe
D-dimer (mg/L) 19.1vs. 2.1 2.4 (0.6- 5.2 (1.5- 0.5(0.3-0.9) | 0.4 (0.2- 4.0 (1.0- 2.1(0.8-5.3) 3.0 (2.5-
14.4)vs. 0.5 21.1)vs. 0.6 | vs. 0.2 (0.2- | 13.2) vs. 0.2 | 11.0) vs. 0.5 vs. 0.6 (0.4- 3.5)*
(0.3-0.8) (0.3-1.0) 0.3) (0.1-0.3) (0.3-1.2) 1.3)
Prothrombin time (s)
Setting of Comparison| Severe vs. | ICU vs. non- | Dead vs. Dead vs. Severe vs. ICU vs. non- | Dead vs. Dead vs.
non-severe | ICU alive alive non-severe | ICU alive alive
Prothrombin time (s) 12.7vs. 122 12.2 (11.2} 12.9 (2.9) 12.1 (11.2- | 11.3(1.4) 13.2(12.3- | 11.6 (11.1- | 15.5(14.4-
13.4) vs. vs. 10.9 13.7) vs. vs. 12.0 14.5) vs. 12.5) vs. 16.3) vs.
10.7 (9.8- 2.7) 11.4 (10.4- | (1.2) 129 (12.3- | 11.8(11.0- | 13.6 (13.0-
12.1) 12.6) 13.4) 12.5) 14.0)
Troponin (hs-Tnl)
Setting of Comparison ICU vs. non- Dead vs. ICU vs. non- Severe vs.
ICU alive ICU non-severe
Troponin (hs-Tnl) 3.3(3.0- 22.2 (5.6- 11.0 (5.6- 25.6 (6.8-
163.0) vs. 83.1) vs. 3.0 26.4)vs. 5.1 44 5)*
3.5(0.7-5.4) (1.1-5.5) (2.1-9.8)
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Table 3. Potential Drug | nteractions Between Antiplatelet Agents and | nvestigational Therapiesfor COVID-19

P2Y 1, Platelet Receptor | nhibitors

Phosphodiesterase |11
Inhibitor

Investigational COVID-19
Therapies

Mechanism of Action of COVID-19 Therapy

Clopidogrel**

Prasugref

Ticagrelor’*

Cilostazol

Lopinavir/
Ritonavir

Lopinavir is a protease inhibitor; Ritonavir inhbiICYP3A4 metabolism
increasing lopinavir levels

CYP 3A4 Inhibition (minor pathway):
Reduction in clopidogrel active metabolit
Do not co-administer or if available utiliz¢

P2Y,, platelet function assays for
monitoring.T With limited clinical data,
prasugrel may be considered as alternat
if no contraindications

=Y

2y

ve,

CYP3A4 Inhibition: Decreased
active metabolite but maintained
platelet inhibition. Can administer

with caution.

CYP3A4 Inhibition:
Increased effects of ticagrelo
Do not co-administer or if

available utilize P2Y,
monitoring or consider dose-
reduced ticagrelor*

r. Recommend decreasing dog

CYP3A4 Inhibition:

to maximum of 50 mg BID

Remdesivir

Nucleotide-analog inhibitor of RNA-dedent RNA polymerases

Reported inducer of CYP3A4 (minor
pathway): No dose adjustment
recommended.

Reported inducer of CYP3A4
(major pathway): No dose

adjustment recommended.

Reported inducer of
CYP3A4 (major pathway):
No dose adjustment
recommended.

Reported inducer of
CYP3A4 (major pathway):
No dose adjustment
recommended.

Tocilizumab

Inhibits IL-6 receptor: may potentiaffyitigate cytokine release syndrome
symptoms in severely ill patients

Reported increase in expression of 2C19

(major pathway) and 1A2, 2B6, and 3A4

(minor pathways. No dose adjustment
recommended.

Reported increasein expression of
3A4 (major pathway) and 2C9 and

2C19 (minor pathway): No dose

adjustment recommended.

Reported increasein
expression of 3A4 (major

pathway): No dose
adjustment recommended.

Reported increasein
expression of 3A4 (major
pathway): No dose
adjustment recommended.

Sarilumab

Binds specifically to both soluble and membranerabllL-6Rs (sIL-6R. and
mIL-6Ra) and has been shown to inhibit IL-6-mediated diggamay
potentially mitigate cytokine release syndrome symys in severely ill

patients

Reported increasein expression of 3A4
(minor pathways: No dose adjustment
recommended.

Reported increase in expression of

3A4 (major pathway): No dose

adjustment recommended.

Reported increasein
expression of
CYP3A4(major pathway):
No dose adjustment
recommended.

Reported increasein
expression of 3A4 (major
pathway): No dose
adjustment recommended.

Other drugs being studied to treat COVID-19 inclad#hromycin, bevacizumab, chloroquine/hydroxyebépine, eculizumab, fingolimod, interferon, losat methylprednisolone, pirfenidone, and ribavibnug-drug interactions between these medicatiods a

antiplatelet agents have yet to be identified. *§ator, aspirin, dipyridamole, and glycoproteirn/llika inhibitors (eptifibatide, tirofiban, abcixind are not known to interact with investigatiortarapies for COVID-19.

TMonitoring of P2Y12 levels can be assessed thradugtverifyNow assay, or others. Evaluation of efffef protease inhibitors on P2Y12 inhibitors haslreen extensively studied. Dose reduction recamdiai#ons for P2Y; inhibitors or P2Y12 platelet function
assay monitoring is not commonly practiced.
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Table 4. Potential Drug I nter actions Between Anticoagulants and I nvestigational Therapiesfor COVID-19

Oral Anticoagulants

Investigational COVID-19
Therapies

Vitamin K antagonists

Dabigatran

Apixaban

Betrixaban

Edoxaban

Rivaroxaban

Lopinavir/Ritonavir

CYP2C9induction:
May decrease plasma concentration. Adjus
dose based on INR

P-gp inhibition:

May increase plasma
concentration. No dose
adjustment recommended

CYP3A4 and P-gp inhibition:
Administer at 50% of dose

(do not administer if initial dose is 2.5
mg twice daily)t

P-gp and ABCBL1 inhibition:
Decrease dose to 80 mg onc
followed by 40 mg once daily

P-gp inhibition:
Do not co-administer

CYP3A4 and P-gp inhibition:

Do notco-administer

Reported increasein expression of

Reported increase in expression of 3A4

Tocilizumab - - 3A4 (major pathway): No dose - - (major pathway): No dose adjustmen
adjustment recommended recommended
Interferons Unknown mechanism: ) ) ) ) )
Decreased dose may be needed
Mechanism not well known:
S Possibly decreased absorption of warfarin i
Ribavirin - - - - -

the presence of ribavirin.(166)
Increased dose may be needed

Methylprednisolone

Unknown mechanism:
Decreased dose may be needed

Sarilumabg

Reported increasein expression of
CYP3A4 (major pathway): No dose

adjustment recommended

Reported increasein expression of
CYP3A4 (major pathway): No dose
adjustment recommended

Azithromycin

Unknown mechanism: Decreased dose may
be needed

P-gp inhibition:

May increase plasma
concentration. No dose
adjustment recommended

P-gp inhibition:
Decrease dose to 80 mg onc
followed by 40 mg daily

P-gp inhibition:
VTE: Limit dose to 30 mg

daily.

Non-valvular AF: No dose
recommendation

Hydroxychloroquine and
Chloroquine

Other drugs being studied to treat COVID-19 inclbégacizumab, chlorogquine/hydroxychloroquine, exutiab, fingolimod, losartan, and pirfenidone. Ddrgg interactions between these medications arldantizoagulants have yet to be identified. Bevaitiab
has been reported to cause deep vein thrombosjs §8rial thrombosis (5%) and pulmonary embol{&ft). It is also reported to cause thrombocytopésB&s).*Parenteral anticoagulants (including uriatated or low-molecular weight heparins, bivadiny
argatroban, and fondaparinux) are non CYP metasbkmd don't interact with any of the investigasibagentéReported with interferon alpha. tThese recommeadsiare based on the U.S. package insert. The @argatkage insert considers the combination
these agents to be contraindicated. fInterferorbbeas reported to cause pulmonary embolism (<8%gntbosis (<5%), decreased platelet count (1-15&% Alfa-2b formulation), and ischemic stroke (<5%%arilumab has been reported to cause decreasetepl
count, with decreases to less than 100,006 imf®% an 0.7% of patients on 200 mg and 150 mggjasspective\CYP: Cytochrome P system. |

57



Table5. Areas Requiring Further Investigation

Patientswith Mild COVID-19 (outpatient)

Comment

To determine the optimal method for risk assessrfieeroutpatients with mild COVID-19 who are
at risk of VTE

The options include the Caprini model, the IMPROY&del, and the Padua mode]
and others for assessment of the risk of VTE. Tklseld be weighed against the
risk of bleeding.

To determine the incidence acute coronary syndsampopulation-based studies

Patients with Moder ate or severe COVID-19 without DI C (hospitalized)

To determine the incidence and predictors of Viiioiag patients with COVID-19 who present wi
respiratory insufficiency and/or hemodynamic ingigh These include lower extremity DVTS,
central-line associated DVT in upper or lower exiitees, and also PE.

hProspective multicenter cohort (observational) aeeded, these protocols should
not interfere and could run in parallel with intemtional trials which are planned o
already underway.

To develop an appropriate algorithm for the diagmof incident VTE in patients with COVID-19.

Drakr is elevated in many inpatients with COVID-a&hough negative value
may still be helpful. In some cases of COVID-19hwitorsening hypoxemia, CTPA
may be considered instead of non-contrast CT (whidi assesses the pulmonary|
parenchyma. Unresolved issues include diagnostis fer critically-ill patients,

To determine the optimal total duration of propttyic anticoagulation

Ultrasound screening in sglatients may need to be studied.

To determine the optimal dose of prophylactica@gulation in specific populations (e.g. those
with obesity or advanced kidney disease)

Weight-adjusted prophylactic dosing for patientthvabesity, or dosing based on
creatinine clearance in patients with kidney disgasjuire further investigation.

To determine if LMWH constitutes the preferred hoet of pharmacological prophylaxis

To determine the optimal method for risk straéifion and VTE prophylaxis after hospital dischar|

g he options include the Caprini model, the IMPROMEdel, and the Padua mode|
and others for assessment of the risk of VTE. Tklseld be weighed against the
risk of bleeding.

To determine if routine use of higher doses oicaaulants (i.e. higher than prophylactic doses
described in the international guidelines), comfetr benefit

nsAn important question would be whether monitorimgj-&a activity would be
preferable over aPTT.

To determine the incidence and predictors of tygeute myocardial infarction in patients with
COVID-19, and to compatre their process measure®atobmes with non-infected patients.

To determine the potential role of agents inclgdianaparoid, fondaparinux, and sulodexide in
select patients with moderate/severe COVID-19.

Patientswith Moderate or Severe COVID-19 and suspected or confirmed DI C (hospitalized)

To determine if routine use of pharmacological \fifephylaxis or low or standard dose
anticoagulation with UFH or LMWH is warranted fid overt bleeding)

A relevant question is whether prophylactic, oreotlilose anticoagulation should
given to patients with DIC who do not have bleediegen without immobility

To determine if additional clinical characteristend variables in the setting of DIC (e.g.
lymphopenia) should be considered to help riskti§frand assess prognosis

including those in prone position, with limited impts for CTPA or ultrasonography.

To determine utility of other interventions incing antithrombin concentrates.

Patients without COVID-19 but with co-mor bidities, and homebound during the pandemic

To determine the optimal method of screening &idstratification for consideration of VTE
prophylaxis

The options include the Caprini model, the IMPROY&del, and the Padua mode]
and others for assessment of the risk of VTE. Tkaseld be weighed against the
risk of bleeding.

To conduct population-level studies to determireettends in incidence and outcomes of thromb
disease in the period of reduced office visits

ptilthough telemedicine is reasonable to control@@VID-19 pandemic, potential
adverse conseguences on non-communicable diseelsgling thrombotic disease

deserve investigation.

aPTT: activated partial thromboplastin time, COMIB: Coronavirus disease 2019; CTPA: computed toapdyr pulmonary angiography; LMWH: low-molecular glei heparin; PE: pulmonary

embolism; VTE: Venous thromboembolism
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Table 6. Summary of Consensus Recommendation on Antithrombotic Therapy During the COVID-19 Pandemic

Patientswith Mild COVID-19 (outpatient)

For outpatients with mild COVID-19, increased niigpishould be encouraged. Although indiscriminase of pharmacological VTE prophylaxis should rephrsued, assessment for the risk of V[TE
and of bleeding is reasonable. Pharmacologic ptaegis could be considered after risk assessmeandndividual case basis for patients who haveatel risk VTE, without high bleeding risk.*

There is no known risk of developing severe COV@diie to taking antithrombotic agents (i.e. anted&t agents or anticoagulants). If patients haentiaking antithrombotic agents for prior know
thrombotic disease, they should continue theitlamimbotic agents as recommended.

=}

For outpatients on vitamin K antagonists who dbhave recent stable INRs, and are unable to undeme or drive-through INR testing, it is reasdadb transition the treatment DOACSs if there
are no contraindications and no problems with dwaglability and affordability. If DOACs are not pioved or available, low-molecular weight hepaim de considered as alternative.*

Patientswith Moderate or Severe COVID-19 without DI C (hospitalized)

Hospitalized patients with COVID-19 should underigi stratification for VTE prophylaxis.

For hospitalized patients with COVID-19 and noDIlC, prophylactic doses of anticoagulation can tiaistered to prevent VTE.#4f pharmacological prophylaxis is contraindicatids
reasonable to consider intermittent pneumatic cesgion.

For hospitalized patients with COVID-19 and noBDIlC, there is insufficient data to consider routiherapeutic or intermediate-dose parenteral amgiclation with UFH or LMWH.%

Routine screening for VTE (e.g. bilateral lowerrenrtity ultrasound) for hospitalized patients wit\@D-19 with elevated D-Dimer (>1,500 ng/mL) canhet recommended at this pdint

Patientswith Moderate or Severe COVID-19 and suspected or confirmed DIC (hospitalized)

For patients with moderate or severe COVID-19 andlC but without overt bleeding, prophylactic astgulation should be administeretg*

For hospitalized patients with COVID-19 with susgecor confirmed DIC, but no overt bleeding, thisrensufficient data to consider routine therapeoti intermediate-dose parenteral
anticoagulation with UFH or LMWHJ

For patients with moderate or severe COVID-19 lorowic therapeutic anticoagulation, who develogpeased or confirmed DIC without overt bleedingsiteasonable to consider the indication fol
anticoagulation and weigh with risk of bleeding whmaking clinical decisions regarding dose adjustsier discontinuation. The majority of authordtoé manuscript recommended reducing the
intensity of anticoagulation in this clinical ciristance, unless the risk of thrombosis considerée texceedingly high. ||

For patients with moderate or severe COVID-19 améhdication for dual antiplatelet therapy (e.grqutaneous coronary intervention within the pastodiths or recent myocardial infarction) and
with suspected or confirmed DIC without overt bleegl in the absence of evidence, decisions fopaaiglet therapy need to be individualized. In gehdt is reasonable to continue dual antiplatele
therapy if platelet count >50,000, reduce to siragiplatelet therapy if 25,000<platelet count<B0,0and discontinue if platelets <25,000. Howetleese guidelines may be revised upward or
downward depending on the individualized relatig& pf thrombotic complications vs. bleeding.

—

For patients who were admitted and are now beisghdrged for COVID-19, routine screening for Vigkris reasonable for consideration of pharmacckigirophylaxis for up to 45 days post-
discharge. Pharmacological prophylaxis should lmesickered if there is elevated risk for thrombotiergs, without high bleeding risk. *#
Ambulation and physical activity should be encoerthg

Patientswith COVID-19 presenting with ACS

For presentations concerning for STEMI and COVE-dliinicians should weigh the risks and severft 6EMI presentation with that of potential COVI®-$everity in the patient, as well as risk of
COVID-19 to the individual clinicians and to theditbcare system at large. Decisions for primarggneous coronary intervention or fibrinolyticridygy should be informed by this assessment.*

Patients without COVI1D-19 who have previously-known thrombotic disease

There is no known risk of developing severe COMDdlle to taking antithrombotic agents. Patientsishoontinue their antithrombotic agents as recormied.

To minimize risks associated with healthcare wodga patient in-person interactions, follow-uphntvisits and telemedicine is preferable in mases.

Patients without COVID-19 who develop new thrombotic disease

To minimize risks associated with healthcare wogga patient in-person interactions, in-home trestt or early discharge should be prioritized.

To minimize risks associated with healthcare wodga patient in-person interactions, follow-uphntvisits and telemedicine is preferable in mases.

Patients without COVID-19 but with co-mor bid conditions (e.g. prior VTE, active cancer, major cardiopulmonary disease), who are homebound during the pandemic

Recommendations include increased mobility, asidassessment for the risk of VTE and risk of hilegds reasonable. Administration of pharmacolqgiephylaxis could be considered after risk
assessment on an individual case basis for patidrdshave elevated risk for thrombotic events, witthhigh bleeding risk.

*Indicates recommendations as reached by consefisuideast 66% of authors determined via Delphihoe. ¥Although high-quality data are lacking, some paneimbers (55%) considered it reasonable to usg
intermittent pneumatic compression in patients wekiere COVID-19, in addition to pharmacologicairylaxis. Specific areas of concern included kaitlata on use in the prone position as well asnpiat
high incidence of preexisting asymptomatic D\T. VTE prophylaxis is considered, enoxaparin 40mdydai similar LMWH regimen (e.g. dalteparin 50008ilg¢) can be administere8ubcutaneous heparin
(5000U twice to three times per day) can be conséifor patients with renal dysfunction (i.e. cheiae clearance <30 mL/min). $While the majoritytoé writing group did make this recommendation63d of
the group were in favor of intermediate-dose aiaigdation [e.g. enoxaparin 1mg/kg/day, or enoxap&dmg BID, or UFH with target aPTT of 50-70] an@% considered therapeutic anticoagulation. &The
majority of the investigators recommended agaimstine VTE screening (68%); however, the remaimregnbers of the group (32%) recommended to consiggr testing. §The majority of the investigators
recommended prophylactic anticoagulation (54%).iAarity of investigators (29.7%) voted for internigtg-dose parenteral anticoagulation in this sgtémd 16.2% considered therapeutic anticoagulgitile
the majority of investigators voted to reduce thtensity of anticoagulation if the indication werat acute (62%), this survey question did not meespecified cut-off of 66%. #The majority of thetimg group
recommended prophylaxis with DOACs (51%) and miyd24%) recommended LMWH, if available and appiatg: ACS: acute coronary syndrome; DOAC: direel anticoagulant, LMWH, low-molecular
weight heparin; STEMI, ST-segment elevation myoigdidfarction; UFH, unfractionated heparin; VTEnous thromboembolism.
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COVID-19
Death

Potential for increased risk
of VTE, and adverse outcomes:

Moderate / Severe

- Age COVID-19
- Bed-ridden, stasis
- Infl 1atory resp . VTE Prophylaxis,
endothelial injury if not contraindicated
- Hemostatic
abnormalities, DIC Mild COVID-19 Infections

Asymptomatic, tested, SARS-Cov2+ Infection

Asymptomatic, Untested, and SARS-CoV2 + [vector]

SARS-CoV2 - [uninfected population)




LOW-RISK COVID-19 HIGH-RISK COVID-19 *

For ACS:
* GDMT per ACS algorithm
» Urgent/emergent angiography and intervention
er need anc of hemodynamic
support and monitoring

For VTE:

* Anticoagulant therapy
* |f recurrent symptoms or deterioration,
consider systemic thrombolysis or potentially
catheter ted therapy as an alter ve
nsider need an ty of hemodynamic
support and monitoring

HIGH-RISK ACS OR VTE*

For ACS: For ACS:

* GDMT per ACS algorithm AT per ACS algorithm
* Angiography and intervention only if recurrent/ * Other therapies reserved for select cases
persistent symptoms or decompensation as tho h significant recurrent/pe
symptoms o ompensation
For VTE:
* Anticoagulant therapy For VTE:
* Catheter-directed or surgical therapies * Anticoagulant therapy
only if recurrent/persistent symptoms * Other therapies reserved for sele
or decompensation those with significant recurrent/
ompensation
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Were the last 2 INRs therapeutic in previous 30-60 days?
OR
Is the time-in-therapeutic range >70% in the last 2-3 months?

Consider following options for
INR monitoring:

- In-home INR self-testing

- Drive-through INR testing

- Schedule office or lab visit
during off-peak hours

Are options above feasible?

onitor INR Does the patient have a
contraindication to
le.g. valvular AF,

APLS, pregnancy;
cotreatments®]

Discontinue Warfarin and start
DOAC if feasible*




PATIENTS HOSPITALIZED PATIENTS WITHOUT COVID-19 OR

WITH COVID-19 MILD COVID-19 / POST-DISCHARGE

- Pharmacological VTE prophylaxis, - Continue therapy, unless otherwise
unless contraindicated specified by practitioners

- Careful assessment for incident - Extend VTE prophylaxis in appropriately
thrombotic events selected cases

- Follow PT/INR, APTT, D-dimer, fibrinogen - Home INR checks or drive-through INR

- Continuation of precedent antithrombotic check for patients on VKAs who need testing
therapy based on clinical condition and - Encourage home excercice
assessment for drug-drug interaction - Home treatment for low-risk acute VTE
[see Table 2] - Early, safe discharge after VTE or ACS

% HEALTHCARE WORKERS

- Proper use and conservation of PPE

- Outpatient tele-visits

- Minimal team structure to reduce contact
with COVID-19

- Deferring elective procedures, or those of
less certain benefit

- Age/comorbidity restriction for patient visits

PROFESSIONAL SOCIETIES,

HOSPITALS AND HEALTH SYSTEMS
FUNDING AGENCIES

- Research priority setting and knowledge - Provide tele-health infrastructure
generation - Drive-through INR checks
- Advocacy and improved public knowledge - In appropriate cases, consider switching
- Expedited funding for research in VKAs to DDACs
thrombotic disease - Frequent disinfection of patient room
- Updated evid based guideli - Negative pressure procedure rooms
when possible

- Cancel or postpone elective procedures
and visits

- Improve knowledge generation and
dissemination



4] 5]
RISK FACTORS HEMOSTATIC ABNORMALITIES CLINICAL OUTCOMES

-a_ é - Acute illness - Liver injury - Pulmonary microthrombi
- Bed-ridden, stasis - cKD - Intravascular coagulopathy
- Genetics - COPD - Myocardial injury
- Fever -HF -t Cardiac biomarkers
- Diarrhea - Malignancy
- Sepsis

Venous Thomboembolism

INFLAMMATORY RESPONSE —

ENDOTHELIAL DYSFUNCTION
SUPERINFECTED
Tissue factor Myocardial Infarction

| TFPI ‘
Lymphopenia ‘

Inflammatory cytokines -t D-dimer, FDPs, PT Disseminated Intravascular
t1L-6, CRP - | Platelets Coagulation




