
Anticoagulation with argatroban in patients with acute
antithrombin deficiency in severe COVID-19

COVID-19 is a highly prothrombotic disease, frequently

requiring anticoagulation for prevention or treatment of

thrombosis and to enable organ support.1 The reported inci-

dence of thrombosis in patients with COVID-19 varies con-

siderably depending on anticoagulant regimen, severity of

disease and additional risk factors such as central lines. The

most commonly used in-hospital anticoagulants, unfraction-

ated heparin (UFH) and low molecular weight heparin

(LMWH), require antithrombin (AT) to exert their anticoag-

ulant effect.2 Therefore, AT deficiency can result in failure to

achieve adequate anticoagulation with UFH or LMWH at

usual doses. AT levels of approximately 50 IU/dl are required

to achieve an anticoagulant effect using UFH.3 A multicentre

study of 150 COVID-19 patients demonstrated a 43% preva-

lence of thrombosis, despite prophylactic or therapeutic anti-

coagulation.4 Pathophysiology of thrombosis in COVID-19 is

most likely multifactorial, and the high rate of thrombosis

appears to be driven by endothelial inflammation and ele-

vated coagulation factors such as fibrinogen and factor VIII.4

In severely ill patients, there may also be reduction in AT

due to increased consumption, reduced production or both.

Some studies reported that patients with COVID-19 have

reduced AT levels associated with nephritis.5

We describe a cohort of 10 patients with COVID-19 (9/10

patients had confirmed thrombosis on admission to our unit

despite being on prophylactic dose LMWH) who were resis-

tant to heparinisation due to reduced AT levels, but who

were successfully anticoagulated with argatroban (Table I).

Median age was 44�5 years (range 22–61) and 9/10 were

male. All were mechanically ventilated (including eight on

ECMO). All patients were started on UFH, as per institu-

tional protocol, with a weight-adjusted IV bolus (weight

<55kg:1500units/1.5ml IV bolus over 2-3mins, weight >55kg:
2500units/2.5ml IV bolus over 2-3mins) followed by a start-

ing infusion rate of 12 units/kg/hour (reflecting concern for

increased risk of bleeding in critically-ill patients), adjusted

to maintain a heparin level of 0�3–0�7 anti-Xa units/ml.6

Testing of AT level from all patients on admission to our

intensive care unit was part of the COVID-19 laboratory

panel and was found to be reduced in all of the patients

reported here (Table I). Anticoagulation with argatroban, a

direct thrombin inhibitor that exerts its anticoagulant effect

independent of AT, was commenced after failing to achieve

therapeutic heparin levels with UFH due to low AT

(Table I). Argatroban was started at 0�3 lg/kg/min (Data S1)

and gradually increased to achieve an APTT of target of 47–
78 sec. There were no further thrombosis complications

observed, including thrombosis of renal replacement or

ECMO circuits, and no ECMO-cannula related thrombosis.

The AT level gradually improved as the patients recovered

from COVID-19 or remained low at the time of death.

Some studies reported more frequent AT reduction in

non-survivors (84% of normal in non-survivors versus 91%

in survivor) in patients with COVID-19; however, they sug-

gested that plasma concentrations rarely drop below 80% of

normal.7 It is possible that disease severity in patients

included in these studies was different and included more

patients who were not critically unwell. All ten patients in

our cohort were critically unwell, requiring ventilation. In

addition to its anticoagulant effect, AT also plays a central

role in mediating inflammation. Although d-dimer level was

elevated, as expected in patients with COVID-19, there was

no other evidence to suggest disseminated intravascular coag-

ulation, as prothrombin time, platelet count and fibrinogen

levels were within the normal ranges in all 10 patients. Some

patients even had elevated platelets count and fibrinogen

levels. Acquired AT deficiency is common in patients on

ECMO due to a combination of accelerated consumption

and reduced synthesis by the liver. However, AT levels in our

cohort were tested before the initiation of ECMO; therefore,

reduced AT levels were not affected by ECMO. Few studies

have evaluated the effect of AT supplementation during

ECMO without a consensus on the appropriate level to be

maintained in patients without COVID-19.8 AT supplemen-

tation may increase the anticoagulant effect on UFH or

LMWH without increasing heparin dosage. However, eleva-

tion of AT levels to normal values in our patients would

require large and repeated doses of AT, incurring significant

cost.

Limitations of this study include its small sample size, lim-

iting the ability to detect adverse effects. However, three

patients had bleeding complications whilst on argatroban,

warranting further discussion (Table I). Patient 4 had clini-

cally-relevant, non-major bleeding from haemorrhoids, which

required temporary suspension of argatroban for 6 hours.

Patient 5, who developed haemorrhagic transformation of a

middle cerebral artery (MCA) infarct, had anticoagulation

initiated on admission with clopidogrel 75 mg daily due to

the subacute right MCA infarct, pulmonary embolism and

right iliac vein thrombus. In patients with cerebral infarcts, it
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is our standard practice to withhold anticoagulation for at

least 10 days and repeat the brain scan to assess the progres-

sion of infarction/haemorrhagic transformation prior to

starting anticoagulant. However, due to the additional

venous thromboses, the patient started anticoagulation on

admission, which may have contributed to the haemorrhagic

transformation of this patient. Patient 6 had bleeding from a

rectal artery, requiring embolisation.

These cases with severe COVID-19 highlight that acute

AT deficiency can be severe, and may contribute both to

development of thrombosis and failure to achieve therapeu-

tic anticoagulation with heparin, so that an alternative anti-

coagulant independent of AT may improve the outcome.

We suggest the measurement of AT and institution of

alternative anticoagulant strategies in patients resistant to

heparin in COVID-19. Argatroban works independently of

antithrombin and seems to be a suitable alternative for

acute anticoagulation in such circumstances. However, rec-

ommendation for use of Argatroban in this setting, with

little data to support safety or efficacy, is debatable and

needs further evaluation in a larger study. Anticoagulant

therapy is becoming an increasingly important aspect of

COVID-19 management. These cases are important for

clinical practice and current randomised clinical trials

(https://www.remapcap.org/) as they indicate the need for

more personalised anticoagulation regimens in COVID-19.

Careful monitoring for bleeding is required as with any

anticoagulant regimen.
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