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Abstract

Hypercoagulability is an increasingly recognized complication of SARS-CoV-2 in-
fection. As such, anticoagulation has become part and parcel of comprehensive
COVID-192 management. However, several uncertainties exist in this area, including
the appropriate type and dose of heparin. In addition, special patient populations,
including those with high body mass index and renal impairment, require special con-
sideration. Although the current evidence is still insufficient, we provide a pragmatic
approach to anticoagulation in COVID-19, but stress the need for further trials in this

area.
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1 | INTRODUCTION

to adverse outcomes.?> One of the key interventions that appears

to be effective in reducing mortality associated with thrombosis in

Morbidity and mortality secondary to COVID-19 is increasing world-
wide. Venous thromboembolism (including pulmonary embolism),

arterial thrombosis, and microvascular thrombi appear to contribute
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non-COVID-19 settings is anticoagulant therapy.® Accordingly, the
International Society on Thrombosis and Haemostasis published an
interim guideline that recommended the use of prophylactic anti-
coagulation with low molecular weight heparin (LMWH) in all pa-
tients admitted with COVID-19 in the absence of contraindications.*
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With the increasing experience of health care providers in manag-
ing COVID-19 patients, several questions have arisen about the use
of anticoagulation that we address in this practice communication.
Although possible solutions are suggested, we stress the need for
well-designed randomized studies (performed rapidly) to produce
evidence-based recommendations. The following recommendations
are for adult patients only.

2 | UNFRACTIONATED HEPARIN OR LOW
MOLECULAR WEIGHT HEPARIN?

In the study by Tang et al, a minority of all COVID-19 patients re-
ceived LMWH in prophylactic doses, with relatively few given un-
fractionated heparin (UFH).2 The use of LMWH reflects the evolving
practice worldwide toward LMWH becoming the standard of care
for the prevention and treatment of thromboembolism versus
UFH because of better bioavailability, fixed dosing, decreased risk
of heparin-induced thrombocytopenia (HIT), and osteoporosis.>¢
However, LMWH can accumulate with renal impairment and has a
longer half-life than UFH.>® Hence, in patients with severe renal im-
pairment, at a high-risk of bleeding, or the need to undergo invasive
procedures, UFH is preferred, which may be particularly relevant in
critically ill COVID-19 patients, in whom coagulopathy is the most
severe.

When using UFH, however, numerous variables ranging from
preanalytic issues (sample collection and processing), and re-
agent differences can influence activated partial thromboplastin
time (aPTT) measurements.” The aPTT may be prolonged in some
COVID-19 patients because of consumptive coagulopathy in the
most critically ill and possibly from the presence of a lupus anti-
coagulant. A recent report implicating antiphospholipid antibodies
in COVID-19 patients with thrombotic events found elevated aPTT
levels and presence of anticardiolipin and anti-p,-glycoprotein anti-
bodies, although lupus anticoagulant tests were negative.® Another
paper noted 20% of patients had a prolonged aPTT, most of which
were due to lupus anticoagulants.9 A French group observed 45%
positivity in lupus anticoagulant tests in 56 patients diagnosed
with COVID-19.1° Whether these antibodies are pathogenic and
result in thrombosis (including arterial thrombosis) remains to be
determined.

One potential concern with the use of UFH in COVID 19 pa-
tients is the possible development of heparin resistance in the
setting of an acute phase response. In COVID-19 and other in-
flammatory states, acute phase reactants, including fibrinogen®?
and C-reactive protein,12 are elevated. It has been shown that in-
creased fibrinogen levels and other heparin-binding acute-phase
reactants create a prohemostatic environment that can antagonize
the anticoagulant effects of heparin, with hyperfibrinogenemia
a key factor causing heparin resistance.’® Heparin resistance is
defined as the requirement of high doses of UFH (daily dose in
excess of 35 000 units/d) to achieve a therapeutic range.!* This

phenomenon occurs because of heparin’s ability to bind to various
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acute-phase plasma proteins (increased in COVID-19), as well as
macrophages and endothelial cells,*®> which are both activated in
COVID-19. Although low antithrombin levels are another poten-
tial reason for heparin resistance, moderate to severe decreased
antithrombin levels are unusual in COVID-19 patients, with most
patients having plasma levels within the low-normal range of
~80%.111% However, Ranucci et al did report antithrombin levels
<60% in two of 16 patients in their analysis of COVID-19 critically
ill subjects.17 In addition, thrombocytosis, which has been noted
in COVID-19, possibly from excessive thrombopoietin production
of the liver, has also been suggested as a reason for heparin resis-
tance.>!® A practical solution for “overcoming” heparin resistance
is to measure both aPTT and a concomitant anti-factor Xa hep-
arin level.” If monitoring is impractical, alternate agents such as
longer-acting, non-aPTT adjusted subcutaneous fondaparinux or
danaparoid may be alternatives if the renal function is normal.'?2°
Prophylactic-dose LMWH (dalteparin) has been studied in critically
ill patients even with markedly impaired renal function without

monitoring and no adverse effects.?!

3 | STANDARD PROPHYLACTIC-DOSE
ANTICOAGULATION?

Clinical experience in COVID-19 suggests there are anticoagulation
failures in patients already receiving prophylactic anticoagulation. In
a recently published study, despite systematic thromboprophylaxis,
31% of the 184 patients in critical care units with COVID-19 devel-
oped thrombotic complications.? In an update of this cohort, the
cumulative incidence of arterial and venous thromboembolism was
49% (95% confidence interval, 41-57).22 Other studies have found
similarly marked increase in the incidence of venous thromboem-
bolism (VTE) in patients requiring intensive care unit (ICU) care that
exceed similarly cared for ICU patients without COVID-19, includ-
ing comparison to past influenza patients.?>2° This could be due to
several reasons including (a) COVID-19-specific coagulation changes
with extensive coagulation activation for which prophylactic dosing
may be insufficient, (b) thromboembolism had already developed
before starting anticoagulation, or (c) inadequate dosing (high body
mass index or inaccurate dosing). In the setting of critically ill pa-
tients requiring mechanical ventilation, immobilization can occur
from deep sedation and muscle paralysis. Also, the use of high-pres-
sure ventilation settings resulting in high intrathoracic pressure may
impair pulmonary perfusion. Significant controversy has developed
regarding an empiric increase in the dose of heparin, especially in the

following situations (Figure 1):

1. Worsening of the clinical picture manifest as increasing oxygen
requirements, which may be due to pulmonary microthrombi
2. Suspicion of pulmonary thromboembolism based on abrupt de-
velopment of hypoxemia, new tachycardia, and right heart strain
seen on echocardiogram. Heightened suspicion should be main-

tained in ALL patients;
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Patient on prophylactic dose heparin

(Suggest increased doses in those with high Body Mass Index)

!

» Clinical suspicion of a pulmonary thrombi

» Worsening clinical situtation (increasing O, requirements)

» Very high clinical suspicion of a pulmonary
thrombi but imaging impractical

» Extracorporeal circuit thrombosis

!

New thrombosis
On imaging

No Yes

Cosider

Consider increasing the
prophylactic dose of heparin
(especially in critical care patients)*,**

Therapeutic anticoagulation

e——

*Note 1: This issue is still controversial
and half of the experts recommed
intensification of anticoagulation.

**Note 1: If possible, this should be done in
the setting of a clinical trail or by using the best
available data to guide dosing adjustments.

FIGURE 1 Suggested algorithm for anticoagulation in patients with COVID-19

TABLE 1 Bleeding adverse events under anticoagulation in COVID-19 patients

Source Cases or Incidence of Bleeding

Bargellini et al*’
underwent endovascular embolization.

Carroll et al*®
hemorrhage and cerebral edema.

Al-Samkari et al*’
2.3% (3/144 cases).

3. Need for ICU care and ventilatory support as the cumulative in-
cidence of VTE in ICU patients has been found to be higher than

those not requiring ICU care???4

If imaging can be performed, and there is definite evidence of
thrombi, therapeutic anticoagulation should be administered. In
those patients for whom pulmonary thromboembolism is highly
likely based on clinical findings but imaging is not feasible, an in-
crease to therapeutic-dose anticoagulation may be appropriate.
Therapeutic-dose anticoagulation in a large cohort of hospital-
ized patients with COVID-19 was associated with a reduced risk
of mortality (adjusted hazard ratio of 0.86 per day; 95% confi-
dence interval, 0.82-0.89; P < .001).25 In addition, the higher

dose reduced the incidence of mechanically ventilated patients

Four consecutive patients with spontaneous bleedings

Two cases of patients developed catastrophic intracranial

Overall and major bleeding rates were 4.8% (19/400 cases) and

Anticoagulation

6000 IU LMWH/12 h or 8000 1U/12 h
Anti-Xa levels: <0.73 and 0.62 1U/mL

Standard-dose prophylactic anticoagulation

(in-hospital mortality of 29.1% compared with 62.7% in those who

did not receive anticoagulation).?

However, this retrospective re-
view of hospital system data has many limitations, including lack of
information on patient selection for therapeutic-dose anticoagula-
tion, indication for anticoagulation, severity of illness, and other
unknown confounding variables. Other centers are using “inter-
mediate-dose” anticoagulation in patients who have no evidence
of VTE but require ICU care based on the increased incidence of
VTE despite standard-dose thromboprophylaxis.?22® Although
Goyal et al have shown that critically ill patients with COVID-19
may not have higher incidence of thrombosis compared with other
critically ill patients,?® the reports from several different countries
are showing a remarkably increased thrombotic risk in these pa-

tients and “failure” of standard dose prophylactic anticoagulation.
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Hence, until trials prove otherwise, the authors suggest an inten-
sification of the prophylactic dose of heparin if patients require
critical care support if there are no contraindications. The risk of
bleeding under anticoagulation in COVID-19 patients is summa-
rized in Table 1.

If therapeutic anticoagulation with UFH is chosen, the issue of
"aPTT confounding" should be considered; this is a situation where
an underlying condition (eg, liver impairment, lupus anticoagulant)
may cause pretreatment aPTT elevations and patients may have
"therapeutic" aPTT values, but where the anticoagulant level is ac-

tually subtherapeutic.’’

4 | EXTRACORPOREAL FILTER CLOTS OR
OCCLUSION

Health care providers are noticing in COVID-19 patients an increase
in filter occlusion and thrombosis with extracorporeal circuits includ-
ing hemofiltration or extracorporeal membrane oxygenation, despite
routine anticoagulation.27 Contact activation and the complement sys-
tem are both involved in thrombin generation in patients who require
dialysis or extracorporeal membrane oxygen (ECMO).2%?’ Because
the inflammatory process is closely linked to both these pathways,
intense inflammation in COVID-19 could predispose to filter clots or
occlusion.?”3° Possible management approaches include administra-
tion of higher doses of heparin as well as more accurately assessing
the anticoagulant effects of heparin. Additional therapies that may
also be considered include complement inhibitors and possibly agents
that can inhibit the contact pathway of the coagulation cascade. For
patients on ECMO or with continuous veno-venous hemofiltration,
therapeutic anticoagulation may be appropriate if there is evidence of
clots in the extracorporeal circuits.

5 | PATIENTS WITH RENAL IMPAIRMENT

Abnormalities in renal function are rare at least in the early phases of
the COVID-19 infection.!! But there may be patients who already have
known kidney problems or can develop renal impairment secondary to
the critical illness or the use of hydroxychloroquine. If the patient is
receiving LMWH in treatment doses, the amount should be adjusted
based on anti-Xa measurements to avoid drug accumulation.®! Some
experts recommend switching to UFH in this clinical situation, which
may be reasonable, but as discussed before, ensuring rapid and ad-
equate anticoagulation is imperative.” Alternatives to UFH include re-

nally adjusted dose danaparoid, argatroban, or bivalirudin.3?

6 | SPECIAL PATIENT POPULATION:
OBESITY

Obesity with body mass index > 35 in patients with COVID-19 ap-

pears to be a poor prognostic indicator.>® A possible explanation
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is the higher susceptibility to inflammation and thrombotic com-
plications in obese patients. Debate exists about the appropri-
ate dose for prophylaxis in obese patients with limited data to
guide care. These patients should be given a weight-adjusted
appropriate prophylactic dose at admission, with an increase to
intermediate intensity or full therapeutic dose based on clinical
parameters (Figure 1).343% Treatment doses also require adjust-
ment for weight.3¢%7

7 | THE ROLE OF POINT-OF-CARE
TESTING

Point-of-care testing, including viscoelastic testing, has been used
in the critical care setting to guide transfusion of blood products
in patients undergoing cardiothoracic surgery, liver transplantation
surgery, massive transfusion protocols for trauma, and postpartum
haemorrhage.38 Point-of-care testing has never been validated for
use in patients to predict risk of bleeding or thrombosis, although

t.3% Ranucci et al reported

several studies have examined this aspec
hemostatic changes in patients with COVID-19 pneumonia using
Quantra Hemostasis analyser (Quantra System, HemoSonics LLC),
using a device based on lower manipulation of the samples because
blood is directly suctioned from citrated vials.' The study reported
increased clot firmness consistent with hypercoagulability, but de-
creased biomarkers with a higher level of anticoagulation; and clopi-
dogrel if platelet count >400 000 cells/pL. This small study provides
important initial information, but requires validation using larger pa-
tient numbers. Thromboelastography parameters in an Italian study
of 24 patients were also suggestive of hypercoagulability, as shown
by decreased R time and K value, and increased K angle and MA 40
ROTEM analysis by Pavoni and colleagues also demonstrated a state
of severe hypercoagulability not obvious on standard coagulation

parameters.41

8 | HEPARIN-INDUCED
THROMBOCYTOPENIA

The use of heparin can be associated with HIT, a well-known side
effect of this drug.*> HIT is also more common in patients who
have associated inflammatory conditions, a finding that may reflect
increased platelet activation in patients receiving UFH or thera-
peutic doses of LMWH.*® Because thrombocytopenia is uncom-
mon in patients with COVID-19, a significant drop in platelet count
that begins 5 or more days after starting UFH or LMWH should
raise suspicion for HIT, especially if additional explanations such
as bacterial superinfection or consumption coagulopathy has been
excluded. Moreover, development of clinically evident venous or ar-
terial thrombosis in a patient receiving heparin should also prompt
consideration of HIT.** Until the diagnosis of HIT can be confirmed,
heparin exposure that includes line flushes should be discontinued

and substituted with an alternate anticoagulant such as danaparoid,
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TABLE 2 Existing guidelines and consensus documents addressing anticoagulation in COVID-19

Recommendation

Prophylactic dose of LMWH in all patients requiring hospitalization

Evaluate the risk of venous embolism in patients and use LMWH or heparin in high-

risk patients without contraindications

In severe COVID-19 patients with coagulation dysfunction, anticoagulant therapy
using unfractionated heparin/low- molecular weight heparin is recommended to
reduce the depletion of coagulation substrates

1. Nonsevere case and no high thrombotic risk: LMWH prophylactic dose

2. Nonsevere case and high thrombotic or severe case and no high thrombotic risk:
Intermediate LMWH dose

3. Severe case and high thrombotic risk: Anticoagulant LMWH dose

Hospitalized patients with COVID-19 eligible for anticoagulation. “If VTE prophylaxis
is considered, enoxaparin 40 mg daily or similar LMWH regimen (eg, dalteparin

5000 U daily) can be administered. Subcutaneous heparin (5000 U twice to three
times per day) can be considered for patients with renal dysfunction (ie, creatinine
clearance < 30 mL/min).” Insufficient data to consider routine therapeutic or
intermediate-dose parenteral anticoagulation.

Prophylactic dose of UFH or LMWH for ICU patients is recommended, and 50% of

experts recommend intermediate dose of LMWH in high-risk patients.

Source Setting

Thachil et al* ISTH interim guidance

Jinetal® CPAM

Song et al** Committee of Critical Care
Medicine, Chinese Society on
Thrombosis and Haemostasis

Vivas et al*? Working Group on
Cardiovascular Thrombosis
of the Spanish Society of
Cardiology

Bikdeli et al®® Endorsed by ISTH, NATF, ESVM,
and others

Spyropoulos et al** ISTH Clinical Guidance

Moores et al>® CHEST Guideline

LMWH or UFH for critical patients over fondaparinux or a DOAC. Recommend

against the use of antiplatelets.

https://www.hemat
ology.org/covid-19

American Society of
Hematology

https://www.covid National Institutes of Health
19treatmentguid

elines.nih.gov/

https://www.who.
int/docs/default-
source/coronaviru
se/clinical-manag
ement-of-novel
-cov.pdf

World Health Organization

Standard prophylaxis for all hospitalized patients

Hospitalized adults with COVID-19 should receive venous thromboembolism
prophylaxis per the standard of care for other hospitalized adults

Use pharmacological prophylaxis (low molecular weight heparin [preferred if
available] or heparin 5000 units subcutaneously twice daily) in adolescents and
adults without contraindications.

Abbreviations: CPAM, China International Exchange and Promotive Association for Medical and Health Care; DOAC, direct oral anticoagulant;
ESVM, European Society of Vascular Medicine; ISTH, International Society on Thrombosis and Haemostasis; NATF, North American Thrombosis

Forum.

fondaparinux, bivalirudin, or argatroban.42 Recently, high-dose in-
travenous immunoglobulin has been advocated as an adjunctive
treatment for severe HIT,* and used with anecdotal success in dete-
riorating patients with COVID-19 infection.*®

9 | LIMITATIONS OF THE PUBLISHED
STUDIES ON ANTICOAGULATION IN
COVID-19

Overall, all of the existing studies about anticoagulation type and
dosing in COVID-19 share the same limitations: (a) the retrospec-
tive nature and (b) a limited population size. These two factors led
to a lack of information on the effects of different anticoagulation
regimens in terms of containment of thromboembolic complica-
tions. The recommendations from the different societies are sum-

marized in Table 2. Several trials are under way examining the type,

and dose of heparin in patients admitted with COVID-19. Additional
antithrombotic agents to heparin are also under evaluation.

10 | SUMMARY

Thrombosis is a major problem in patients with COVID-19 requiring
hospitalization. Anticoagulation is important in these patients but
questions have arisen about the appropriate type, dose, and timing
of anticoagulation. Existing guidelines and consensus documents are
providing general suggestions on the LMWH dose based on the se-
verity of the disease and the thrombotic risk, but a link between co-
agulation markers and anticoagulation regimen is still lacking. Many
clinical trials addressing these questions are in progress; participa-
tion in these trials is encouraged to determine the best management
strategies for COVID-19 patients. Increasing knowledge with rapid

sharing is required to adequately care for patients in this pandemic.
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