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ABSTRACT
The coronavirus disease 2019 (COVID-19) pandemic due to severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) has challenged health-care systems and physicians worldwide to attempt to 
provide the best care to their patients with an evolving understanding of this unique pathogen. This 
disease and its worldwide impact have sparked tremendous interest in the epidemiology, pathogenesis, 
and clinical consequences of COVID-19. This accumulating body of evidence has centered around case 
series and often empiric therapies as controlled trials are just getting underway. What is clear is that 
patients appear to be at higher risk for thrombotic disease states including acute coronary syndrome 
(ACS), venous thromboembolism (VTE) such as deep vein thrombosis (DVT) or pulmonary embolism 
(PE), or stroke. Patients with underlying cardiovascular disease are also at higher risk for morbidity and 
mortality if infected. These patients are commonly treated with anticoagulation and/or antiplatelet 
medications and less commonly thrombolysis during hospitalization, potentially with great benefit but 
the management of these medications can be difficult in potentially critically ill patients.

In an effort to align practice patterns across a large health system (Jefferson Health 2,622 staffed 
inpatient beds and 319 intensive care unit (ICU) beds across 14 facilities), a task force was assembled to 
address the utilization of anti-thrombotic and anti-platelet therapy in COVID-19 positive or suspected 
patients. The task force incorporated experts in Cardiology, Vascular Medicine, Hematology, Vascular 
Surgery, Pharmacy, and Vascular Neurology. Current guidelines, consensus documents, and policy 
documents from specialty organizations were used to formulate health system recommendations.
Objective: Our goal is to provide guidance to the utilization of antithrombotic and antiplatelet 
therapies in patients with known or suspected COVID-19.
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Background

Coronavirus 2019 (COVID-19) due to severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) is a global pandemic 
with over 4.3 million confirmed cases worldwide and over 
297,000 deaths as of 15 May 2020. Currently, the United 
States leads all countries with over 1.3 million confirmed 
cases and over 82,000 deaths [1]. Disease severity ranges 
from asymptomatic to critical illness resulting in fatality. Early 
studies revealed an increased prevalence of acute cardiovas-
cular events leading to a higher risk of mortality [2–5]. COVID- 
19 patients may present with hemodynamic instability and 
increased biomarkers of cardiac injury, specifically troponin 
and B-Type Natriuretic Peptide. This may be due to an acute 
coronary syndrome (ACS), myocarditis, Type 2 myocardial 
infarction, coronary vasospasm, or stress-induced cardiomyo-
pathy. The specificity of these biomarkers in this setting is 
uncertain. Additionally, markedly elevated D-dimer levels are 
associated with severe illness and high mortality. This has 

been postulated to be due to micro thrombosis but alterna-
tively may be due to disseminated intravascular coagulation 
(DIC) secondary to an increased inflammatory state. Patients 
also appear at higher risk of venous thromboembolism (VTE) 
due to critical illness, immobility, and inflammation.

Managing patients acute antiplatelet and anticoagulant 
regimens can be difficult without clear consensus on diagnosis 
and treatment. Many patients are on antiplatelet and antic-
oagulants for preexisting conditions when they present to the 
hospital and thus the balance of further ischemic/thrombotic 
events vs. bleeding events must be weighed. The margin of 
error appears to be narrower in patients with multi-system 
failure where fluctuating organ function can impact drug 
metabolism.

We aim to provide guidance for the management of var-
ious clinical scenarios encountered in COVID-19 infected 
patients recognizing that these recommendations may change 
given the rapidly evolving understanding of COVID-19 
pathophysiology.
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Clinical scenarios

Acute coronary syndrome (ACS)

The diagnosis of ACS in the COVID-19 patient can be challen-
ging given that patients often have elevated troponin levels. 
Biomarkers are nonspecific measures of cardiac injury and may 
represent a myriad of cardiac conditions including myocardial 
ischemia secondary to either plaque rupture or demand ische-
mia,, myocarditis, stress cardiomyopathy, or coronary spasm. 
In order to assist with diagnosis and treatment, it is important 
to take into consideration the patient’s clinical presentation, 
electrocardiogram (ECG), and point of care ultrasound to eval-
uate ventricular wall motion. Typically, with ACS there is 
a characteristic rise and fall in troponins which represents 
myocardial tissue necrosis due to hypoperfusion, as opposed 
to myocarditis which can often lead to elevated but relatively 
stable troponin levels that represent ongoing myocardial 
inflammation and injury. A recent report demonstrated that 
ST-elevation myocardial infarction (STEMI) activation is down 
38% in the United States [6] with growing concern that 
patients do not seek immediate medical attention due to 
fear of exposure to COVID-19 leading to missed events.

We recommend in all patients with concern for ACS, non- 
enteric coated aspirin 162–325 mg should be given immedi-
ately if no contraindication exists followed by daily low dose 
aspirin (81 mg) indefinitely. P2Y12 inhibitor (clopidogrel, tica-
grelor, or prasugrel) should be considered in these patients 
with guidance from cardiology with a length of therapy for 
1 year in most patients [7–9]. For patients on anticoagulation 
prior to ACS, triple therapy should be used for the shortest 
duration possible. A regimen of a direct oral anticoagulant 
(DOAC) with clopidogrel with short duration of aspirin is 
now considered the standard of care and triple therapy with 
warfarin should be avoided [10–15].

STEMI specific management
All STEMI patients should receive standard medical therapy 
including full dose aspirin, high-intensity statin, unfractionated 
heparin (UFH), and nitrates for chest pain if hemodynamics 
allow. There has been considerable discussion regarding best 
practices for patients who present with STEMI in the COVID-19 
era with the debate over fibrinolytic therapy versus primary 
percutaneous coronary intervention (PCI). Based on early 
experience out of Peking Union Medical College Hospital in 
China, it was recommended that all STEMIs be treated with 
thrombolytic therapy given its efficacy and ease of adminis-
tration and to limit health-care worker exposure [16]. In the 
United states, approximately 13% of STEMIs prior to the 
COVID-19 era had fibrinolytic reperfusion strategies due to 
the inability to access hospitals with PCI capabilities within 
120 minutes [17]. To ensure staff safety, there can be consid-
erable system delays in patients who present with STEMI and 
have concern for COVID-19. These delays may cause patients 
to no longer receive standard of care primary PCI within the 
designated door to balloon time of 90 minutes, and the 
mortality benefit of primary PCI may no longer be significant 
compared to fibrinolytic therapy [18]. Finally, there is concern 
about transmission of infection from patient to staff and 

resources needed for these patients that fibrinolytic therapy 
may be considered in the COVID-19 patient population [19].

Despite the initial push for fibrinolytic therapy, there is hesita-
tion with this strategy as it can lead to unnecessary use of 
thrombolytics in the case of ‘STEMI-mimicker,’ patients with 
COVID-19 who have non-obstructive coronary artery disease on 
coronary angiography despite STEMI on ECG [20,21]. The use of 
fibrinolytics in this population would lead to no clinical benefit 
and potential significant harm. Even in those patients who 
receive thrombolytics for STEMI, approximately 50% require res-
cue PCI and thus the benefit of thrombolytics seems to be low in 
patients where PCI can be performed. Due to these concerns, the 
current Society for Cardiovascular Angiography and 
Interventions (SCAI) consensus document suggests continuing 
primary PCI for STEMI patients as the treatment of choice with the 
use of fibrinolytic therapy only for selected lower-risk patients 
(those with inferior STEMI without RV involvement and those 
with lateral STEMI without hemodynamic compromise) [20]. 
The recommendation for primary PCI in the COVID-19 patient 
was reiterated in a consensus statement from SCAI, American 
College of Cardiology (ACC) and the American College of 
Emergency Physicians (ACEP) and a pharmacoinvasive approach 
should only be considered if primary PCI is not feasible [22]. We 
agree that primary PCI should remain standard of care if a patient 
is at a PCI capable hospital. The lack of familiarity with fibrinolytics 
dosing for many providers, their increased risk of significant 
bleeding, and the possibility of treating patients without coron-
ary thrombosis makes this a less attractive first-line therapy. In 
patients with whom primary PCI is not possible due to access to 
a cardiac cath lab, we recommend a pharmacoinvasive approach 
with fibrinolytic therapy followed by transfer to a PCI capable 
hospital for possible intervention [23]. If PCI is performed, dual 
antiplatelet therapy with aspirin and P2Y12 should ideally be 
continued for 1 year.

Non-ST elevation myocardial infarction (NSTEMI) specific 
management
The diagnosis of type 1 NSTEMI (plaque rupture) is difficult in 
the COVID-19 era due to the elevated troponin levels in 
a significant proportion of patients [4]. The true incidence of 
type 1 myocardial infarctions is not well known and thus 
COVID-19 positive patients with elevated troponins should 
be risk stratified to determine the most appropriate manage-
ment. All patients should receive medical therapy with full 
dose aspirin, high-intensity statin, parental anticoagulation 
(heparin or low molecular weight heparin (LMWH)), beta 
blocker if hemodynamics allow, and possible nitrate therapy 
if ongoing chest pain [7]. In patients undergoing early invasive 
strategy, we recommended using heparin over LMWH as an 
anticoagulant of choice due to the ability to titrate the med-
ication and to measure the degree of anticoagulation in the 
cardiac catheterization lab with activated clotting times. 
Patients who are COVID-19 negative should be considered 
for early invasive therapy [20]. In patients who are COVID-19 
positive or still under investigation, we recommend invasive 
strategy in patients who have GRACE score > 140 [24] or those 
with high-risk clinical features such as refractory chest pain, 
unstable arrhythmias, heart failure, or hemodynamic instabil-
ity. In COVID-19 positive patients with low-risk NSTEMI, we 
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recommend a delayed invasive approach and upfront medical 
management [7]. These patients receive less benefit from 
early-invasive primary PCI compared to high-risk NSTEMI. We 
believe that the risks of resource utilization, risk of virus trans-
mission to hospital workers, and lack of definitive diagnosis is 
higher than the potential benefit of invasive angiography and 
potential PCI in this population. We recommend LMWH pre-
ferentially over UFH due to the ease of administration, lack of 
medication titration, and fewer lab draws that could lead 
health-care professionals to unnecessary exposures. In medi-
cally treated NSTEMI patients, aspirin (81 mg) with either 
clopidogrel (75 mg) or ticagrelor (90 mg BID) should be 
given if no contraindication exists. Prasugrel is not indicated 
for patients being treated medically for NSTEMI [25]. 
Consideration for outpatient testing and coronary angiogra-
phy can be considered in these patients in the future once 
their infection has resolved in accordance with SCAI/ACC/ 
ACEP recommendations [22].

Stable ischemic heart disease (SIHD)

Patients with COVID-19 may present on therapy from previous 
coronary intervention irrespective of their current hospital 
admission. Data is limited in this patient population, and we, 
therefore, rely on established guidelines for antiplatelet recom-
mendations [8]. Patients with COVID-19 may have thrombocyto-
penia and other coagulopathies similar to DIC which can make 
the use of anti-platelet agents more challenging. It is important 
for providers to understand the indication for the patient’s anti-
platelet therapy in SIHD as it can help guide therapy in those 
patients at higher bleeding risk. All patients with previous stent 
placement should be continued on single antiplatelet therapy 
regardless of indication unless at very high bleeding risk. In 
patients on therapy with platelet count > 50,000 mm3 and at 
a low risk of bleeding, we recommend continuing outpatient 
anti-platelet therapy for the duration recommended in the ACC/ 
AHA guidelines [8]. In patients with a platelet count between 
25,000 mm3 to 50,000 mm3 we recommend continuing aspirin 
therapy and if platelet count <25,000 mm3 discussion with car-
diology regarding the ongoing benefits of aspirin therapy (i.e. 
location of stents, previous ischemic history, size of stents, timing 
of stent) with the risk of bleeding.

Atrial fibrillation/Atrial flutter

Acute and chronic respiratory illnesses are risk factors for atrial 
fibrillation [26,27]. COVID-19 patients, commonly present with 
shortness of breath secondary to viral pneumonia with criti-
cally ill patients progressing to acute respiratory distress syn-
drome (ARDS). Unfortunately, the rate of new atrial fibrillation 
in these patients is unknown. Management of patients with 
atrial fibrillation includes oral anticoagulation which is recom-
mended for patients with CHA2DS2-VASc score of 2 or more in 
men or 3 or more in women as long as the benefit of antic-
oagulant outweighs the risk of bleeding [28]. In most scenar-
ios, direct oral anticoagulants (dabigatran, rivaroxaban, 

apixaban, and edoxaban) are recommended over warfarin 
due to large randomized controlled trials showing non- 
inferiority or superiority for stroke reduction and superiority 
for bleeding risk in patients with non-valvular atrial fibrillation 
[29–32].

In the inpatient setting, there is less guidance on the 
initiation of anticoagulation for new onset atrial fibrillation 
and decisions to continue outpatient oral anticoagulation 
can be more difficult due to rapid fluctuations in clinical 
status, need for invasive procedures, and renal/liver function 
changes. The risk of endothelial damage, vascular inflamma-
tion, and vascular thrombosis appears heightened in severe 
COVID-19 patients and thus could pose an increased risk of 
arterial thrombosis in this patient population. The use of UFH 
or LMWH may be considered in patients with high potential 
stroke risk and new onset atrial fibrillation; however, heparin 
drips require constant monitoring and titration of dosing dur-
ing hospitalization leading to increased nursing exposure to 
potential COVID-19 patients. In this group, therapeutic enox-
aparin 1 mg/kg every 12 hours could be used instead of 
unfractionated heparin. Inpatient anticoagulation will be 
recommended for de novo AF based on the risks of benefits 
of the individual patients with men with CHA2DS2-VASc ≥2 
and women ≥3 being most likely to benefit from anticoagula-
tion. In this context, the annual stroke risks are between 5% 
and 10% in patients with CHA2DS2-VASc 5 or 6, and >10% in 
patients with CHA2DS2-VASc ≥7 [33]. We would recommend 
LMWH over heparin as long as Creatinine Clearance (CrCl) ≥ 30 
and no need for invasive procedures.

In patients who are established on anticoagulation due to 
previous diagnosis of atrial fibrillation, continuing oral antic-
oagulation should be considered in patients at low risk of 
clinical decompensation or bleeding. In patients who are cri-
tically ill, we recommend holding outpatient oral anticoagula-
tion and consideration of using a parenteral agent (heparin/ 
LMWH). The risks and benefits of stroke vs. bleeding as well as 
duration of time without oral anticoagulation should be con-
sidered in all cases. For patients who do not have prohibitive 
bleeding risk and CHA2DS2-VASc score ≥ 5 or previous throm-
boembolic event, we would recommend a parental agent with 
LMWH considered first-line therapy if CrCl ≥ 30 [34]. Patients 
with mechanical heart valves and atrial fibrillation who require 
invasive procedures should be bridged with heparin or LMWH 
[33,35]. The ACC ManageAnticoag app can be used to help 
providers determine the need for anticoagulation interruption 
and bridging in case by case scenario (Figure 1).

Prosthetic heart valves

Despite the concern for increased thrombotic risk in COVID-19 
patients, there are no published reports of prosthetic valve 
thrombosis in this patient population. As such, we recommend 
anticoagulation in accordance with the latest ACC/AHA valvu-
lar guidelines. All patients with a mechanical heart valve 
should continue anticoagulation with a vitamin K antagonist 
(VKA) with their previously recommended goal international 
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normalized ratio INR [36,37]. All patients with mechanical valve 
prostheses should also be continued on 81 mg aspirin daily 
[38], and it is reasonable for patients with bioprosthetic valve 
prostheses to be continued on ASA 81 mg daily [38]. 
Anticoagulation with DOACs should be avoided in patients 
with mechanical valve prostheses [39].

In patients on anticoagulation due to mechanical valve, 
anticoagulation should not be interrupted for low bleeding 
risk procedures. If, for a procedure, anticoagulation needs to 
be interrupted, then bridging with LMWH or heparin is reason-
able for patients with mechanical mitral valve, mechanical 
aortic valve with risk factor(s) (atrial fibrillation, low EF, hyper-
coagulable state, or previous VTE), or older generation 
mechanical aortic valve [40]. We suggest that warfarin only 
be continued upfront in those patients who are not critically ill 
or at high bleeding risk. In all others, suggest transition to 
a parental agent with a bridge until warfarin can be resumed.

Stroke

Currently, the most common neurologic manifestations of 
COVID-19 that should prompt strong consideration of an 
acute cerebrovascular event include dizziness, headache, 
focal neurologic deficits, and encephalopathy [41]. In four 
early studies, ischemic and hemorrhagic stroke complicated 
COVID-19 infection in about 6% of patients at a median 
10 days after symptom onset and the incidence, particularly 
of stroke due to large vessel occlusion, continues to rise in the 
United States [42–45]. In addition to common cardiovascular 
comorbidities in the elderly COVID-19 positive population, 
mechanisms for ischemic stroke in infected patients of all 
age groups include hypercoagulability from pro- 
inflammatory state, embolism from virus-related cardiac injury, 
and infection-induced disseminated intravascular coagulation. 
Intracerebral hemorrhage and hemorrhagic conversion of 
ischemic stroke may also occur due to possible coagulopathy, 
specifically thrombocytopenia, in the severely ill, fluctuating 
blood pressures due to viral-binding to ACE 2 receptors [46], 

and potential interactions between anticoagulants and medi-
cations now commonly used for COVID-19 patients (Table 1).

Non-contrast computed tomography (CT) head is the 
appropriate initial imaging in COVID-19 patients with neuro-
logic symptoms particularly prior to initiation of antithrombo-
tic agents. While most serum studies are not required prior to 
emergent IV-tPA use based on guidelines, it may be reason-
able to await results of coagulation studies and complete 
blood count in critically ill COVID-19 suspected or positive 
patients prior to thrombolytic administration. Patients with 
large vessel occlusion remain eligible for endovascular therapy 
despite infection.

Antithrombotic recommendations for secondary preven-
tion of stroke in the suspected or positive COVID-19 patient 
are currently unchanged from the general population assum-
ing the absence of coagulopathy and prothrombotic state. For 
ischemic stroke due to small and large vessel atherosclerotic 
disease as well as embolic strokes of undetermined source, 
antiplatelet therapy with aspirin, clopidogrel, or aspirin/dipyr-
idamole remains the appropriate first-line therapy [47,48]. 
Dual antiplatelet therapy should be reserved for symptomatic 
intracranial atherosclerotic disease [49], certain carotid cases, 
recent stenting, and patients with recent minor stroke or high- 
risk TIA [50].

Outcomes in available COVID-19 patient data do not sug-
gest clear benefit over risk of therapeutic anticoagulation for 
primary stroke prevention. However, assuming low risk of 
hemorrhagic conversion, therapeutic anticoagulation with 
LMWH is frequently initiated for secondary stroke prevention 
in the critically ill with significantly elevated D-dimer and no 
other clear etiology of ischemic stroke. In addition to patients 
with atrial fibrillation, consider anticoagulation with UFH/ 
LMWH, warfarin, or DOACs in patients with ischemic strokes 
that are embolic appearing with cardiac etiology, non- 
occlusive thrombi, recurrent ischemic strokes, atypical 
intracranial stenosis, venous sinus thrombosis, extracranial dis-
section with ischemia, and pro-thrombotic state [51]. Minimize 
the use of triple therapy to avoid intracranial hemorrhagic 
complications. The appropriate timeframe to initiate 

Figure 1. Risk factors to determine the need for therapeutic anticoagulation.
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anticoagulation in the ischemic stroke patient remains heavily 
individualized based on age, comorbidities, stroke size and 
location, imaging characteristics, and medication choice. The 
decision to initiate antithrombotic therapy in COVID-19 posi-
tive patients with acute neurologic symptoms should be made 
in conjunction with a neurologist.

Peripheral arterial disease (PAD)

Stable, chronic PAD
Peripheral arterial disease is a common cardiovascular dis-
order that is highly under-recognized with significant cardi-
ovascular morbidity, mortality, and quality of life 
impairment. In patients with symptomatic peripheral arterial 
disease, anti-platelet medication with either aspirin 
(75–325 mg per day) or clopidogrel (75 mg per day) is 
recommended as first-line therapy [52]. The use of dual anti- 
platelet therapy is beneficial only in those patients who 
have undergone revascularization [52]. Patients should 
remain on these medications throughout their hospitaliza-
tion unless high bleeding risk.

Acute limb ischemia
Acute limb ischemia (ALI) is associated with significant morbidity 
and mortality and is defined as <2 weeks of severe hypoperfu-
sion of the limb characterized by features of pain, pallor, pulse-
lessness, poikilothermia, paresthesias, and paralysis [53]. Patients 
who present to the hospital with ALI should be emergently 
evaluated to assess limb viability and systemically anticoagu-
lated with heparin unless contraindicated. In early single-center 
retrospective studies, the incidence of ALI in COVID-19 patients 
appears to be higher than the general public and includes 
patients with no traditional risk factors [54,55]. The success of 
revascularization was also decreased felt to be secondary to the 
virus-induced hypercoagulable state [54].

In patients with COVID-19, it is important to remain 
hypervigilant for signs and symptoms of ALI. Emergent 
consultation with vascular surgery should be obtained and 
early initiation of parental anticoagulation is paramount due 
to the hypercoagulable state observed in some patients. We 
suggest that patients undergo limb salvage procedures in 
accordance with standardized guidelines due to the high 
risk of morbidity and mortality without acute intervention. 
Acro-ischemia has been described in patients who are criti-
cally ill with COVID-19 pneumonia and, despite treatment 
with LMWH, there was no clinical improvement and there 
was a high rate of mortality [56]. In these patients, 
a palliative approach should be considered.

Venous thromboembolism (VTE)

Recent data suggests a high rate of VTE in the hospitalized, 
critically ill COVID-19 patient [57,58]. The mechanism by which 
these patients are developing VTE at significant rates have 
been hypothesized including immobility, severe inflammatory 
response, and coagulopathy including DIC. Decision algo-
rithms of testing patients for asymptomatic and symptomatic 
VTE as well as treatment of VTE are not well defined. Patients 
should be risk stratified (high, intermediate, or low risk) on 
presentation to help guide therapy [59,60].

For COVID-19 patients who present with or develop acute 
VTE during hospitalization, we recommend treating with antic-
oagulation if no contraindication exists. For all patients with 
symptomatic PE, we recommend activating the pulmonary 
embolism response team (PERT) to provide interdisciplinary 
care and make individualized decisions based on the patient’s 
clinical status, co-morbidities, and hospital factors [60,61]. In 
patients with high-risk PE, we recommend systemic or cathe-
ter-directed thrombolysis in patients with low bleeding risk or 
those who deteriorate after initial anticoagulation (i.e. devel-
opment of worsening hypoxia, tachycardia, RV failure) 

Table 1. Investigative medications for COVID-19 positive patients and effect on DOAC concentration.

Medication Mechanism Dabigatran Apixaban Edoxaban Rivaroxaban

Hydroxy- chloroquine None - - -
-

Azithromycin P-glycoprotein 
competition

↑No dose adjustment recommended ↑VTE:30 mg 
daily 
AF: No 
dose 
changes

Remdesivir Reportedly CYP3A4 ? ? ? ?
Lopinavir/ 

Ritonavir
CYP3A4 Inhibition/ 

P-glycoprotein 
competition

↑No dose adjustment recommended, 
however would avoid if possible

↑↑50% dose reduction (do not use if 
patient requires 2.5 mg BID at baseline)

↑↑Do not 
co- 
administer

↑↑Do not co- 
administer

Tocilizumab CYP3A4 Inducer (weak) - ↓No dose adjustment recommended - ↓No dose 
adjustment 
recommended

Sarilumab CYP3A4 Inducer - ↓No dose adjustment recommended - ↓No dose 
adjustment 
recommended

Favipiravir CYP2C8 - - - -
Nitazoxanide Weak CYP2C9 - - - -
Tacrolimus P-glycoprotein 

competition in-vitro
- -/↑ - -/↑

Camostat 
Mesilate

Unknown ? ? ? ?
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[60,62,63]. In patients at high bleeding risk, the use of cathe-
ter-directed mechanical thrombolysis or surgical removal 
should be considered in consultation with the PERT team [64].

In the intermediate-risk patient, debate remains over the 
best treatment. Risk calculators such as the PESI or BOVA score 
can help further risk stratify these patients to help guide 
therapy [65,66]. Anticoagulation remains the mainstay of treat-
ment for this population and we suggest the use of parental 
anticoagulation with heparin or enoxaparin instead of a DOAC 
due to potential decompensation [60,67,68]. Enoxaparin is 
preferred if CrCl is ≥ 30. The use of catheter-directed throm-
bolysis or thrombectomy for intermediate-risk PE should be 
made on a case by case basis with guidance from the PERT 
team. Due to the risk of infectivity, there should be a higher 
threshold to perform invasive procedures that have not been 
shown to improve mortality [64]. Once patients have stabi-
lized, we recommend the use of DOAC over the use of war-
farin or LMWH therapy [60,62].

In the low-risk patient, we recommend treatment with 
a DOAC without the need of parental anticoagulation (apix-
aban or rivaroxaban) to avoid increasing length of stay.

The use of inferior vena cava filters should not be consid-
ered for routine use and only considered in those patients 
who have absolute contraindications for anticoagulation with 
clinically relevant VTE [62]. In a patient who requires an IVC 
filter, anticoagulation should still be restarted once the bleed-
ing risk has passed.

VTE prophylaxis

The incidence of thrombotic complications in critically ill 
COVID-19 patients in the ICU has been shown to be at least 
25–40% in observational studies [57,58]. This increased rate of 
thrombotic complications appears to be related to 
a hypercoagulable state similar to DIC or thrombotic micro-
angiopathy yet with unique differences including the appear-
ance of a positive lupus anticoagulant in patients [51,69,70]. In 
order to attempt to decrease the rates of thrombotic compli-
cations, preventative measures should be used whenever pos-
sible [71]. Heparin, enoxaparin, and fondaparinux are all 
recommended for VTE prophylaxis by the American College 
of Chest Physicians [72]. One retrospective study of critically ill 
COVID-19 patients with D-dimers > 6x ULN compared UFH or 
LMWH plus antiviral therapy versus no pharmacologic prophy-
laxis plus antiviral therapy. The combination therapy of phar-
macologic plus antiviral group had a significantly decreased 
28-day mortality [73]. LMWH was preferentially used in this 
study due to its previously reported anti-inflammatory effect. 
Another retrospective trial in critically ill patients in China 
confirmed lower mortality in those patients who were treated 
with pharmacologic prophylaxis, yet stated that Asian popula-
tions have a low incidence of VTE and thus higher doses of 
anticoagulation may be necessary in other populations [74].

There remains concern throughout the medical community 
that in the most critically ill patients, pharmacologic prophylaxis 
is not enough to reduce the risk of thrombosis. A French cohort 
of ICU patients on pharmacologic prophylaxis found a high pre-
valence of thrombotic complications including PE, stroke, circuit 
clotting of continuous renal replacement therapy or 

extracorporeal membrane oxygenation (ECMO) with minimal 
bleeding risk suggesting the need for higher doses of prophy-
lactic anticoagulation in this patient population [70]. In another 
retrospective study, mechanically vented patients were found to 
have a significantly decreased risk of mortality if treated with full- 
dose anticoagulation compared to those not on anticoagulation, 
yet this mortality benefit was not seen in all COVID-19 patients 
admitted to the hospital [75]. The use of higher dose thrombo-
prophylaxis or full-dose anticoagulation is currently being inves-
tigated in multiple randomized control trials (NCT04372589, 
NCT04367831, NCT04345949, and NCT04366960).

We recommend that all patients on admission be assessed 
for the risk of VTE. For patients with platelet counts greater 
than 25,000, we recommend using pharmacologic prophylaxis 
for all COVID-19 positive patients if no contraindication exists. 
While anecdotal and retrospective data may support higher 
doses of pharmacologic prophylaxis in critically ill patients, 
there is considerable risk of bleeding in these populations 
and thus without higher-level evidence, we remain hesitant 
to adopt these practices. As such, we continue to recommend 
standard dose pharmacologic prophylaxis with an understand-
ing that our recommendations may change as data continues 
to evolve.

Enoxaparin is the preferred agent for patients with 
a CrCl ≥ 30 ml/min. For those with impaired renal function, 
heparin can be used as an alternative agent with a dosing 
regimen based on patient weight. For heparin dosing, patients 
<50 kg use 5,000 units q12 hours, for patients 50–120 kg we 
recommend 5,000 units Q8 hours, for >120 kg we recommend 
7,500 units Q8 hours. For enoxaparin dosing, we recommend 
30 mg Qday for those <40 kg, 40 mg Qday for patients 
40–120 kg, and 40 mg twice a day for patients >120 kg. We 
recommend mechanical prophylaxis in addition to pharmaco-
logic prophylaxis for all ICU patients without contraindication. 
For patients that are unable to be on pharmacologic prophy-
laxis due to low platelets or active bleeding we recommend 
mechanical prophylaxis (Figure 2).

Critically ill patients who survive to discharge are still at 
increased risk of thromboembolic events [76]. Given that throm-
boembolic events seem to be elevated in the COVID-19 popula-
tion, this risk may be even higher. We recommend that all patients 
be assessed for VTE risk at discharge for consideration of extended 
VTE prophylaxis. Multiple studies pre-COVID-19 have shown the 
benefit of extended prophylaxis for high-risk patients following 
discharge. The decreased incidence of thrombotic events is at the 
expense of a slight increase in bleeding. Multiple agents have 
shown efficacy with extended prophylaxis including enoxaparin, 
rivaroxaban, and betrixaban [77–79]. We recommend that patients 
should be risk assessed for VTE and bleeding on discharge for 
extended prophylaxis using the IMPROVED for VTE and IMPROVE 
Bleeding risk indices [80–83]. The patient should have a creatinine 
clearance and liver function panel in addition to platelet count 
(>25,000 mm3) prior to the initiation of extended prophylaxis. We 
preferentially recommend rivaroxaban 10 mg daily for 6 weeks for 
extended prophylaxis. Enoxaparin 40 mg Qday subcutaneously 
can be used as an alternative agent if the CrCl ≥ 30 ml/min. If 
patients are unable to receive pharmacologic prophylaxis, we 
recommend knee high compression stockings (15–20 or 
20–30 mmHg) and encourage ambulation. Patients should be 
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educated on the symptoms and signs of DVT/PE and report such 
events to their primary care provider.

Disseminated intravascular coagulation (DIC)

DIC can be seen in hospitalized patients with severe illness 
[84]. It can accompany the acute respiratory failure and multi- 
organ failure from COVID-19 and is associated with poor 
prognosis [85]. Yet, further studies suggest that while similar 
to DIC, the coagulopathy of COVID-19 has distinct features 
with only mild thrombocytopenia and normal fibrinogen 
levels early in the course [2,86]. There also appear to be 
similarities to thrombotic microangiopathy with elevated 
LDH and ferritin levels [87]. These coagulation abnormalities 
appear to promote the hypercoagulable hypothesis of COVID- 
19 which has been further suggested by autopsy reports 
showing micro thrombosis of the lungs and various other 
organs [69].

The optimal initial approach to DIC or DIC like coagulopa-
thy is to treat underlying causes, and in this case to support O2 

and CO2 exchange, metabolic functions, and possibly use anti- 
viral agents and anti-cytokine release syndrome agents. 
Clinically, close attention for these patients should be directed 
to unexpected bleeding or thrombosis. In addition to clinical 
monitoring, lab tests to monitor for the development and 
progression of DIC are the CBC, PT and aPTT, and fibrinogen. 
Serial comparisons of the labs are essential as the develop-
ment of DIC during hospitalization is a poor prognostic indi-
cator [85]. D-dimer, while not specific for DIC has also been 
shown independently to be a predictor of morbidity and 
mortality when significantly elevated [2,85,86].

Despite the incidence of DIC being a poor prognostic 
indicator, the treatment of these patients remains the previous 
standard of care. In accordance with the guidance from the 
International Society of Thrombosis and Hemostasis (ISTH), 
these patients should be treated with prophylactic dose 

enoxaparin if no contraindication exists [88]. There is no role 
for therapeutic anticoagulation in DIC, in the absence of an 
acute thrombotic event.

While bleeding in COVID-19 patients remains less common 
than thrombosis, bleeding risk increases as the platelet count 
goes below 50,000 mm3, the PT and PTT rise to > 1.4 X ULN, or 
when fibrinogen falls below 100 mg/dl. There is no role for 
giving blood products to correct lab abnormalities in the 
absence of bleeding [89]. If bleeding occurs, blood product(s) 
should be given to replace the depleted components. Factor 
VIIa and prothrombin complex concentrate use are discour-
aged, as the risk of serious thrombosis is high.

Drug–drug interactions

In the COVID-19 era, there is an influx of drugs aimed to 
improve patient’s morbidity and mortality. The only FDA 
approved therapy at this time for COVID-19 is remdesivir, 
and there remains over 100 pharmacological trials on clinical- 
trials.gov attempting to find further treatment for this disease 
[90]. The effect of these medications on anti-platelet agents 
and anticoagulants is important for the individualized patient 
and the prescriber. Pathways that are most important for 
identifying drug–drug interactions appear mediated via cyto-
chrome P450 (CYP450) and/or transporter permeability glyco-
protein (P-gp). The most common medications being used 
include hydroxychloroquine/chloroquine, azithromycin, 
remdesivir, lopinavir/ritonavir, and tocilizumab which may 
affect the efficacy of antiplatelets and anticoagulants.

P2Y12 inhibitors are commonly used in a wide spectrum of 
cardiovascular disease states as described above. Their inter-
actions with treatments for COVID-19 are not well known and 
rely on package inserts and anecdotal experience. The only 
medication with significant known interactions with P2Y12 
inhibitors is lopinavir/ritonavir, a protease inhibitor previously 
used for the treatment of HIV. Early studies in patients with 

Figure 2. Venn diagram illustrating the overlap in patient risk factors and co-morbidities to determine the type of anticoagulation.
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COVID-19 have found no decrease in morbidity or mortality 
with this medication combination [91], yet ongoing trials con-
tinue to look at the impact of this combination on patients 
with COVID-19. It is a known inhibitor of CYP3A4 metabolism 
and has significant effects on clopidogrel and ticagrelor, yet 
no significant effect on prasugrel. Inhibition of CYP3A4 in 
patients taking clopidogrel can decrease its efficacy; however, 
inhibition of CYP3A4 leads to increased effects of ticagrelor 
and thus neither is recommended to be administered in 
patients on lopinavir/ritonavir [92,93].

Despite advances in DOACs for reducing systemic throm-
boembolism and systemic bleeding compared to warfarin, 
DOACs have drug–drug interactions that must be considered 
in all patients. CYP3A4 is important for the metabolism of 
apixaban (20–25%) and rivaroxaban (18%) with no significant 
effect on dabigatran and edoxaban while P-gp is an important 
mediator for apixaban, dabigatran, and rivaroxaban. The FDA 
recommends avoiding concurrent use of apixaban and rivar-
oxaban with inducers of P-gp or CYP3A4 [94]. There is limited 
data on the in vivo effects of these medications with DOAC 
concentrations and unless explicitly known we do not have 
recommendations regarding avoiding or dose changes of 
these medications. Table 1 summarizes the interactions 
between the investigational drugs and commonly prescribed 
DOACs. Further drug–drug interactions between DOACs and 
commonly used medications can be found in the EHRA prac-
tical guidelines [95]. Hydroxychloroquine, used primarily in 
auto-immune disease, has not been found to interact with 
CYP3A4 or P-glycoprotein. Azithromycin is an inhibitor of 
P-gp and thus could increase the serum concentration of 
dabigatran especially in conjunction with other cardiac P-gp 
inhibitors such as amiodarone. It is not recommended to 
decrease dabigatran dosing. However, patients on edoxaban 
should only be prescribed the 30 mg dose for VTE. Lopinavir/ 

ritonavir is known strong inhibitors of both CYP3A4 and 
P-glycoprotein and thus could have significant effects on the 
pharmacokinetics of all DOACs leading to increased concen-
tration and potential bleeds. The European Heart Rhythm 
Association practical guidelines suggests that DOACs should 
not be given in patients taking ritonavir [95]. However, the 
package insert of apixaban recommends dose reduction by 
50% and should not be co-administered if patient is on low 
dose apixaban (2.5 mg BID). We suggest to avoid DOACs in 
patients with whom lopinavir/ritonavir is being prescribed. 
Tocilizumab is known to decrease serum concentrations of 
CYP3A4 substrates and thus could decrease the effectiveness 
of apixaban or rivaroxaban. Finally, remdesivir has little phar-
macokinetic data available although it is believed that there 
are no significant clinical interactions with CYP3A4 enzyme. 
(Table 2)

Conclusions

COVID-19 has challenged our thinking about the management 
of critically ill patients. The mechanisms of this disease and its 
complications' continue to be elucidated. That being said the 
principles of managing these patients are built on the founda-
tions of evidence-based medicine in severely ill patients. There 
is a narrow therapeutic index between prevention and treat-
ment of venous and arterial thrombosis in these patients and 
the risk of bleeding. This document can be used to help guide 
providers to treat cardiovascular patients at high risk during 
this pandemic (Figure 2). Only by adhering to the principles of 
practicing what we know and maintaining openness to what 
we don’t can we stand up to the greatest challenge of our 
professional lives.
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Table 2. Takeaway points from paper.

1. COVID-19 patients have much in common with other critically ill patients 
where there may be a narrow margin for AC and APT of benefit 
(preventing thrombotic events) and risk (bleeding).

2. The rationale for AC should be carefully examined in all inpatients, 
balancing risk and benefit. For example: a patient on AC with CHA2DS2- 
VASc of 1 for men and 2 for women. Point of care risk calculators and apps 
to assist in evaluating the risk and benefit should be used when available.

3. In COVID-19 confirmed or expected patients, it is reasonable to continue 
outpatient anticoagulation unless they become critically ill in the ICU or if 
they have invasive procedures planned.

4. If interrupted, bridging should not be offered in low risk thrombosis 
patients.

5. Routine use of aspirin increases bleeding risk by as much as 50% and 
benefit should be carefully assessed.

6. Prolonged DAPT beyond 6 months for elective stenting and beyond a year 
for ACS should be examined, balancing risk and benefit.

7. Warfarin based triple therapy for patients with stenting and AF is inferior to 
DOAC based regimen with P2Y12 and short duration aspirin.

8. Decision to bridge either with UFH or LMWH in a COVID-19 patient exposes 
nursing to a greater degree. This is not worthwhile in a low thrombotic risk 
patient.

9. When there is the potential for significant drug-drug interactions, 
consultation with pharmacy is invaluable.

10. Careful consideration is required in weighing the risks and benefits of any 
intervention not only to the COVID-19 confirmed or expected patient, but 
also to the health care workers who are directly involved in patient care. 
Special consideration should be given when possible to limiting health 
care worker exposure to COVID-19.
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