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Purpose. There are increasing reports in the literature of high rates of
coagulopathy and venous thromboembolism (VTE) among hospitalized
patients with coronavirus disease 2019 (COVID-19). Understanding of
these abnormalities is continually evolving, but these conditions may
pose a risk to COVID-19 patients beyond the risk typically seen in criti-
cally ill patients.

Summary. There are currently no widely accepted evidence-based guide-
lines regarding specifics related to treatment and prevention of COVID-19-
related coagulopathies. Areas of management requiring clinical equipoise
include agent selection and dosing, continuation vs interruption of home
oral anticoagulant therapy during hospital admission, and postdischarge
VTE prophylaxis. Clinicians may wish to consider use of a stratified,
3-tiered approach of low-intensity anticoagulation, intermediate-intensity
anticoagulation, and therapeutic-dose anticoagulation. Patients can be
categorized by tier depending on their risk factors for VTE, acuity of
illness, and laboratory values such as D-dimer level.

Conclusion. Practical guidance on anticoagulation considerations and
dosing suggestions are provided to assist clinicians faced with chal-
lenging anticoagulation-related situations in caring for hospitalized COVID
patients until formal evidence-based guidelines become available.
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There are increasing reports in the lit-
erature of high rates of coagulopathy
and venous thromboembolism (VTE)
among hospitalized patients with
coronavirus disease 2019 (COVID-19). !
Hematologic abnormalities commonly
seen in patients with COVID-19 include
elevations in D-dimer and fibrinogen,
prolonged prothrombin time and ac-
tivated partial thromboplastin time
(aPTT), and changes in levels of inflam-
matory markers such as C-reactive pro-
tein (CRP), interleukin-6, and ferritin.
Understanding of these abnormalities
is continually evolving, but they may
pose a risk to patients with COVID-19
beyond the risk typically seen in criti-
cally ill patients. Tang et al' reported that
abnormalities in coagulation markers

are indicators of disease severity and
that higher D-dimer levels are associ-
ated with increased mortality. A retro-
spective analysis of 81 patients with
severe COVID-19 found that those ex-
periencing VTE were more likely to be
older and to have prolonged aPTT and
elevated D-dimer levels.? Furthermore,
the incidence of thrombotic compli-
cations has been reported to be 20%
to 31% in critically ill patients with
COVID-19 despite use of standard VTE
prophylaxis.** Poissy et al® reported an
increased incidence of pulmonary em-
bolism (PE) amongst COVID-19 pa-
tients admitted to an intensive care
unit. Of the 22 patients who developed
PE, 20 patients (90%) were receiving
VTE prophylaxis.
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In an encouraging sign for treat-
ment of patients with COVID-19,
available anticoagulants have shown
some benefit. A small observational
study found that among patients with
a D-dimer level greater than 6 times
the upper limit of normal (ULN), those
treated with heparin had 28-day mor-
tality approximately 20 percentage
points lower than those not treated with
heparin (32.8% vs 52.4%; P =0.017).° In
an additional observational study of
patients hospitalized for COVID-19 in
New York City, promising results were
reported for systemic, treatment-dose
anticoagulation in mechanically ven-
tilated patients; those who received
treatment-dose anticoagulation ex-
perienced in-hospital mortality of
29.1%, compared with a death rate of
62.7% among those who did not.”

Although some helpful guidance
has been published recently, there
are currently no widely accepted
evidence-based guidelines available
regarding specifics related to treat-
ment and prevention of COVID-19-
related coagulopathies.®'* Areas of
current clinical uncertainty include
dose and agent of choice, continu-
ation vs interruption of home oral
anticoagulant therapy while admitted,
and postdischarge VTE prophylaxis.
Additional challenges are found in use
of VTE risk stratification tools that do
not incorporate COVID-19 as a risk
factor.’*!¢ This article discusses prac-
tical considerations in anticoagulation
management in the context of COVID-
19 to assist clinicians until more formal
evidence-based guidelines become
available.

General treatment
considerations

Guidance from the International
Society on Thrombosis and Haemo-
stasis recommends prophylactic anti-
coagulation for all patients who require
hospital admission for COVID-19 in the
absence of any contraindications such
as active bleeding and a platelet count
less than 250 x 10°/pL.° For critically
ill patients with COVID-19, barriers to
obtaining diagnostic testing to confirm
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KEY POINTS

e COVID-19 is a hypercoagulable
state, and many patients with
COVID-19 may experience
venous thromboembolism
(VTE) despite standard VTE
prophylaxis.

e Evidence from random-
ized controlled trials to
guide decisions regarding
anticoagulation in patients
with COVID-19 is currently
lacking.

e This article offers practical
guidance based on current ex-
periential evidence in real-world
settings to assist clinicians in
managing anticoagulation in pa-
tients with COVID-19.

or rule out active bleeding, such as en-
doscopy or colonoscopy, may be pre-
sent, further complicating treatment
decisions. Low-molecular-weight hep-
arin (LMWH) has been suggested as the
anticoagulant of choice (in preference
to unfractionated heparin [UH]) for
reducing healthcare staff contact with
patients in the absence of a compelling
reason not to use it.* Fondaparinux may
be considered for patients with a history
of heparin-induced thrombocytopenia
or aversion to receipt of porcine deriva-
tives.'” There is some evidence to sug-
gest heparins have anti-inflammatory
properties'®'; theoretically, this may
have added benefit in COVID-19 cases
where proinflammatory cytokines are
markedly elevated. However, clinicians
may wish to consider patient-specific
factors in order to guide their deci-
sions. These factors include but are not
limited to concurrent comorbidities,
relevant laboratory values, acuity, mo-
bility, weight, renal function, bleeding
risk, and need for invasive procedures
or interventions.

Upon review of the available evi-
dence, we believe that clinicians may
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wish to consider a 3-tiered approach
to stratifying anticoagulation intensity
(Figure 1), with consideration of the
aforementioned factors to guide and
assist in decision making. The 3 tiers
are low-intensity  anticoagulation
(tier I), intermediate-intensity anti-
coagulation (tier II), and therapeutic-
dose anticoagulation (tier III). We
recognize this tiered approach is not
universally accepted; however, there
is increasing evidence that many pa-
tients may develop VTE despite re-
ceipt of standard VTE prophylaxis.
Further, not all patients require thera-
peutic anticoagulation; therefore, tier
II anticoagulation has been suggested
as an option.*?**

An additional area of clinical con-
troversy involves patients’ use of home
oral anticoagulants while admitted to
the inpatient setting. Hospitalized pa-
tients, particularly critically ill patients,
may require invasive procedures,
which may require interruption of
oral anticoagulation therapy. For any
patient who is already taking an oral
anticoagulation at home, it may be pru-
dent to transition to therapeutic-dose
LMWH or parenteral UFH infusion
for the duration of hospitalization un-
less contraindications exist.'” Further,
there is little published data regarding
the use of oral anticoagulants in the
COVID-19 patient population. In the
setting of renal dysfunction, use of
intravenous UFH along with anti-
factor Xa (anti-Xa) monitoring may be
preferred.

Patient selection for tiered
anticoagulation therapy

Tier |. Patients with COVID-19
who may be appropriate candidates
for tier I anticoagulation include those
with indications for standard prophy-
laxis. This tier should be considered
for patients without known thrombi or
known malignancy; these are generally
lower-acuity patients, such as non-
critically ill medical patients. This ap-
proach may be considered for patients
with D-dimer levels less than 3 times
the ULN that are not trending upward.
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Figure 1. Flowchart of 3-tiered approach to stratification of anticoagulation intensity. Anti-Xa indicates anti—factor Xa;
BMI, body mass index; CrCl, creatinine clearance; 1V, intravenous; LMWH, low-molecular-weight heparin; SCr, serum cre-

atinine; sq, subcutaneously.

COVID (+) or
OVID suspected

n Tierl
Standard Prophylaxis

»l Tierll
| Intermediate Dosing

Enoxaparin 20mg sq daily

or

Heparin 5000 units sq Q8H
BMI >40: Consider Heparin 7500 units sq Q8H

Enoxaparin 40mg sq daily
or

Fondaparinux 2. dail
“if contraingication mm« Lliv;ﬂ

Yes

No

" L—t  Enoxaparin 40mg sq Q12H

>Heparin 7500 units sq Q8H

Enoxaparin 40mg sq Q12H

or
Enoxaparin 0.5mg/kg sq Q12H
or

Fondaparinux sq*

“if contraindication to heparin or LMWH

5 Tier !l
| Therapeutic Dosing

No

1 BMI >407

Yes

Enoxaparin 1mg/kg sq daily N
or
Weight-based IV heparin infusion
or
Argatroban IV infusion*

“If contraindication to heparin or LMWH -

Enoxaparin 1mg/kg sq Q12H** Y
or
Enoxaparin 1.5mg/kg sq daily
or
<50kg: Fondaparinux Smg sq daily*
50-100k g:Fondaparinux 7.5mg sq dail
>100kg: Fondaparinux 10mg sq daily*
‘\“l contraindication to heparin or LMWH

Can consider Enoxaparin 1mg/kg sq Q12H
With adjustments based on Anti-Xa levels

Target: 0.6 - 1 unit/ml
or
Weight-based IV heparin infusion

Tier Il. Tier II, or intermediate-
intensity, anticoagulation may be
appropriate for a patient with COVID-
19 who requires a higher-intensity
standard prophylaxis regimen. A pa-
tient may be categorized into tier II
based on acuity and/or VTE risk factors

(eg, a patient who is on a general med-
ical floor but clinically deteriorating,
with an upward trend in inflammatory
marker and/or D-dimer levels). Tier
II therapy could be considered for pa-
tients whose D-dimer level is above 3
times the ULN. To determine VTE risk

AM J HEALTH-SYST PHARM

| VOLUME XX |

factors that may place patients in this
category, clinicians may wish to con-
sider risk stratification models such as
the Caprini score, IMPROVE risk score,
and Padua Prediction Score models,
all of which have been used in acutely
ill hospitalized patients.”*'® VTE risk
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Table 1. Risk Factors for Venous Thromboembolism?32

Factor(s)

Score

Active cancer®

Previous VTE (superficial vein thrombosis excluded)

Reduced mobility®

Already known thrombophilic condition®

Recent trauma and/or surgery (<1 month)

N (W [W W W

Elderly age (>70 years)

—_

Heart and/or respiratory failure

Acute myocardial infarction or ischemic stroke 1

Acute infection and/or rheumatologic disorder 1

Obesity (BMI >30)

1

Ongoing hormonal treatment

1

Total score

>4 = high VTE risk

2Adapted from Padua Prediction Score.™
radiotherapy in the previous 6 months.
least 3 days.

antiphospholipid syndrome.

Abbreviations: BMI, body mass index; VTE, venous thromboembolism.
PPatients who have local or distant metastases and/or have received chemotherapy or
°Bedrest with bathroom privileges (due to either patient’s limitations or physician’s orders) for at

dDefects of antithrombin, protein C or S, or factor V Leiden; G20210A prothrombin mutation; or

factors considered when using the
Padua Prediction Score model are
listed in Table 1. Additionally, all crit-
ically ill patients should be considered
for tier II therapy, at a minimum, if they
do not have risk factors for VTE and/
or the clinician team is otherwise not
concerned about VTE development.
Klok et al* and Connors et al*® showed
that VTE incidence was higher in criti-
cally ill patients with COVID-19 than in
other critically ill patients despite their
receipt of VTE prophylaxis; therefore, it
is not unreasonable to consider inten-
sified VTE prophylaxis in critically ill
patients with COVID-19.

Tier llI. Tier III therapy may be
chosen for those patients with COVID-
19 who have known or strongly sus-
pected VTE. Patients presenting with
acute coronary syndrome should be
categorized into this tier.? This tier can
strongly be considered for any patient
with a D-dimer level greater than 6
times the ULN or in a continued up-
ward trend. Moreover, therapeutic
anticoagulation should be strongly
considered for any patient with clinical
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sequelae of possible VTE, including
an otherwise unexplained increase in
oxygen requirement (in the absence
of another obvious cause, such as
worsening radiographic evidence of
acute respiratory distress syndrome),
a need for mechanical ventilation, al-
veolar dead space (ie, the area occu-
pied by alveoli that do not participate
in gas exchange), and organ failure (eg,
acute kidney injury) with concern for
microvascular thrombi.?

Agent selection for tiered
anticoagulation therapy

Tier |. For low-intensity anti-
coagulation, clinicians may wish to
consider LMWH at standard prophy-
lactic doses. For example, enoxaparin
40 subcutaneously once daily. For
obese patients with a body mass index
(BMI) greater than 40, an increase
in LMWH dose may be considered.
Based upon bariatric data available,
enoxaparin 40 mg subcutaneously
every 12 hours may be employed
for standard VTE prophylaxis.?! In
the presence of renal insufficiency,

NUMBER XX | XXXX XX, 2020

LWMH can be renally dose-adjusted
(for example, enoxaparin 30 mg sub-
cutaneously daily) or subcutaneous
UFH therapy can be used instead.
Preference may be given to subcuta-
neous UFH when renal function is
poor or labile. Increased doses of
UFH (eg, heparin 7,500 units sub-
cutaneously every 8 hours) may be
an option for obese patients with a
BMI of >40 in the setting of renal in-
sufficiency.?** Monitoring of anti-Xa
levels during use of LMWH is not gen-
erally recommended; however, as-
saying anti-Xa levels to target a goal
anti-Xa value of 0.2 to 0.5 unit/mL
may be considered for obese pa-
tients.** Blood sampling for deter-
mination of the anti-Xa level should
occur approximately 4 hours after a
subcutaneous dose is administered
and (to ensure a steady-state concen-
tration) after approximately 4 doses.
In the event the level falls outside
the target range, it is recommended
to exercise best clinical judgment in
adjusting doses. In cases where hep-
arin may be contraindicated and renal
function allows, fondaparinux admin-
istered at a dosage of 2.5 mg subcuta-
neously daily may be considered for
VTE prophylaxis.*

Tier Il
intermediate-intensity anticoagulation
is appropriate, employing a higher-
than-standard dose may be considered
under the assumption that it may confer
additional benefit in VTE prevention.
Enoxaparin 40 mg subcutaneously
every 12 hours may be an option for pa-
tients with a BMI of <40. Alternatively,
a regimen of enoxaparin 0.5 mg/kg
subcutaneously every 12 hours may be
considered, especially if the patient is
obese.>* In the setting of renal insuffi-

For patients in whom

ciency, heparin can be used at a higher
dose (7,500 units subcutaneously every
8 hours).”? Should a patient categorized
into this tier have a change in clinical
status, such as increased oxygen re-
quirements, clinical evaluation for VTE
with either point-of-care ultrasound or
formal venous Doppler studies should
be pursued if available. Until VTE can
be ruled out, VIE therapeutic-dose
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anticoagulation should be strongly con-
sidered. Currently available data are
not sufficient to support employment
of therapeutic-dose prophylaxis for pa-
tients in this tier.®”

Tier Il
high-intensity anticoagulation in crit-
ically ill patients with COVID-19 call
for use of a therapeutic dosage of
LMWH, such as enoxaparin 1 mg/kg
subcutaneously every 12 hours (for pa-
tients with creatinine clearance [CL_]
above 30 mL/min) or 1 mg/kg subcuta-

Recommendations for

neously once daily (for those with CL
of less than 30 mL/min) or intravenous
UFH titrated to maintain institution-
specific therapeutic levels. Enoxaparin
1.5 mg/kg subcutaneously daily may
be considered for a non-critically ill
patient (with stable and preserved

renal function) in order to reduce the
need for patient contact. Monitoring of
UFH therapy via anti-Xa assay should
be used preferentially if available due
to potentially elevated baseline aPTT
levels in patients with COVID-19."
Use of LMWH is advantageous due
to a need for less frequent labora-
tory monitoring and a lower workload
burden on nursing staff. In obese pa-
tients, clinicians may wish to consider
use of enoxaparin at a dosage of 1 mg/
kg subcutaneously every 12 hours (for
patients with CL_ above 30 mL/min),
with monitoring of anti-Xa levels to
target a goal anti-Xa value of 0.6 to 1.0
unit/mL.> Blood samples for anti-Xa
level determination should be drawn
approximately 4 hours after a subcuta-
neous dose is administered and after
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approximately 4 doses. Again, if the
anti-Xa level falls outside the target
range, clinical judgement is necessary
for dose adjustment. UFH may be pre-
ferred when bleeding risk is elevated
because it has a short half-life and its
effects are easily reversible. (Factors
to consider in bleeding risk evaluation
are listed in Figure 2.) Intravenous UFH
may also be an option for patients re-
quiring invasive procedures. For critic-
ally ill patients, intravenous UFH may
be the preferred agent due to their risk
of acute renal dysfunction. Therapeutic
heparin should also be considered
for all critically ill patients receiving
dialysis, including continuous renal
replacement therapy (CRRT), and ini-
tiated according to institutional CRRT
or VTE protocols.”’ It is important to

Figure 2. Factors to consider in evaluation of bleeding risk in patients with venous thromboembolism. ALP indicates alka-
line phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; Hb, hemoglobin; NSAID, nonsteroidal
anti-inflammatory drug; SBP, systolic blood pressure; TIA, transient ischemic attack; ULN, upper limit of normal.

VTE-BLEED Score: predictors of major bleeding in patients with VTE*

Factor(s) Score
Active cancer 2
Male with uncontrolled arterial hypertension 1
Anemia (in male, Hb <13 g/dL; in female, Hb <12 g/dL) 1
History of bleeding 1
Age 260 years 1
Renal dysfunction and/or dialysis 1

Total score

<2 = low bleeding risk

>2 = high bleeding risk

Other factors that contribute to bleeding:

History of TIA

»  High fall risk

Thrombocytopenia

Cirrhosis, bilirubin >2 x ULN, or AST/ALT/ALP >3 x ULN
Alcohol use (=8 drinks/week)

>
>
>
» Hypertension (uncontrolled, with SBP >160 mm Hg)
>
>

Other antithrombotic use or use of medications that can increase risk of bleeding (eg, aspirin,
clopidogrel, NSAIDs)
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ensure communication between phar-
macy personnel and the nephrology
service in order to balance risks of filter
clotting and bleeding in the setting of
uremia. In cases involving contraindi-
cations to heparin use, clinicians may
wish to consider use of therapeutic
fondaparinux dosed according to pa-
tient weight.”” Intravenous argatroban
may be considered in the setting of
renal impairment or labile renal func-
tion in cases where heparin is contra-
indicated and fondaparinux may not
be ideal.?® At this time, direct thrombin
inhibitors should be considered only if
there are contraindications to heparin
use due to a lack of data specific to the
COVID-19 population. It is currently
unclear if patients with COVID-19 who
have confirmed VTE differ from pa-
tients with VTE but without COVID-19,
and at this time both groups are being
treated similarly with conventional
therapeutic anticoagulation.

Discharge considerations

Post-hospital ~ discharge  VTE
prophylaxis represents another area of
clinical uncertainly that will require a
careful weighing of the risks vs poten-
tial benefits of ongoing therapy. We
suggest that upon discharge all pa-
tients, regardless of tier, be assessed for
ongoing need for continued prophy-
laxis. Careful examination of additional
risk factors for VTE, such as prolonged
immobility while in quarantine, as
well as trends in laboratory values,
such as D-dimer, CRP, ferritin, and
lactate dehydrogenase levels, should
be reviewed. Elevated inflammatory
markers may indicate an increased
risk of VTE upon a patient’s discharge
to home, and continued prophylaxis
may be warranted. In the absence of
randomized, controlled clinical trials,
clinicians may wish to consider use
of LMWH instead of direct-acting
oral anticoagulants (DOACs) or other
agents due to the former’s anti-inflam-
matory effects. DOACs, however, may
become an option if compliance con-
cerns arise (eg, a patient’s unwill-
ingness to use parenteral therapy or
inability to self-inject). Additionally,

6 AM J HEALTH-SYST PHARM |

VOLUME XX |

patient-specific factors such as insur-
ance and cost considerations must be
considered. Duration of prophylactic
therapy should be determined on a
case-by-case basis, taking into account
bleeding risk. Consideration of ex-
tended prophylaxis of up to 45 days
may be appropriate in patients at in-
creased risk for VTE who are at low
risk for bleeding.’® For patients who
had been using a DOAC at home
and were transitioned to parenteral
anticoagulation during an inpatient
stay, a transition back to home DOAC
therapy may be considered in the ab-
sence of evidence of treatment failure.

Upon discharge of patients with
confirmed or suspected VTE, con-
tinuation of anticoagulation treatment
for minimum 3 months for provoked
VTE can be chosen. Treatment with
therapeutic-dose LMWH or DOAC
therapy can be considered in prefer-
ence to warfarin, in accordance with
current guidelines.” If VTE is not con-
firmed at time of discharge due to lack
of test availability, the clinician may
wish to treat according to conventional
protocols for VTE. Follow-up with pri-
mary care or specialty providers for
ongoing reevaluation and extension of
therapy must be ensured.

We recognize that the guidance
presented in this article has signifi-
cant limitations, and we hope that
clinicians will benefit from a growing
body of evidence-based and standard-
ized guidelines on the issues discussed
here. As with all treatment options
for patients with COVID-19, this is a
fluid situation. The preceding is not
intended as a practice management
protocol; rather, the intent is to pro-
vide practical suggestions for clinicians
treating this novel disease.
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