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Abstract
Many healthcare resources have been and continue to be allocated to the management of patients with COVID-19. Therefore, 
the ongoing care of patients receiving oral anticoagulation with warfarin is likely to be compromised amid this unprecedented 
crisis. This article discusses a stepwise algorithm for the management of outpatient warfarin therapy. Alternative manage-
ment strategies are presented and discussed, including alternative pharmacological therapy options and self-monitoring. Our 
algorithm aims to help clinicians safely optimize the treatment of patients requiring anticoagulation therapy in the context 
of the global response to the current pandemic.
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Key Points 

Alternative management strategies for patients receiv-
ing oral anticoagulation with warfarin are presented and 
discussed, including alternative pharmacological therapy 
options and self-monitoring.

Patients receiving warfarin therapy should have their 
ongoing need established before a switch to direct oral 
anticoagulants/low-molecular-weight heparins is consid-
ered.

Self-management/self-monitoring of the international 
normalized ratio is highly recommended amid the 
COVID-19 pandemic for eligible patients (or caregiv-
ers), especially those in aged-care facilities.

1 Introduction

Novel coronavirus disease 2019 (COVID-19) has become 
a household name, with over 2.2 million people worldwide 
testing positive and over 150,000 deaths as of 18 April 2020 
[1]. The actual number of reported positive COVID-19 cases 
may underestimate the true burden because of significant 
differences in surveillance and diagnostic practices across 
the world [2]. Even within different parts of Europe, coun-
tries have different testing practices, with Germany under-
taking widespread COVID-19 testing and the UK prioritiz-
ing testing of severe cases requiring hospitalization [3, 4].

While the attention of the medical community is rightly 
focused on managing patients with COVID-19, the ongoing 
care of chronically ill patients is likely to be compromised 
amid this unprecedented crisis. The universally adopted 
strategy of reducing social interaction to avoid the spread 
of COVID-19, termed social distancing, has considerable 
implications for the ongoing care of chronically ill patients 
[5, 6]. Patients living with diabetes mellitus, cardiovascular 
diseases, respiratory diseases, and other similar chronic con-
ditions require periodic check-ups to ensure prevention of an 
acute episode of illness and the effectiveness of therapy [7]. 
One such patient group is those receiving oral anticoagula-
tion with warfarin as these patients need their international 
normalized ratio (INR) monitored regularly [8].

Data from clinical trials show that, even in a controlled 
trial environment with adequate monitoring and follow-
ups and dedicated research nurses, the time in therapeutic 
range (TTR) values achieved were only 55–64% [9, 10]. In 
addition, a large retrospective cohort study of over 50,000 
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patients with atrial fibrillation receiving warfarin showed 
that only 40,570 patients had sufficient INR results to 
assess TTR and less than half (41%) of these patients had 
a TTR ≥ 65% [11]. As such, providing adequate monitor-
ing of warfarin amid the worsening COVID-19 pandemic, 
where social distancing is increasingly emphasized, is an 
unprecedented challenge faced by anticoagulant service pro-
viders around the globe. The discussion that follows aims 
to facilitate the management of outpatient warfarin therapy 
by anticoagulation service providers amid the COVID-19 
pandemic.

2  Management of Outpatient Warfarin 
Therapy

A stepwise algorithm for the management of outpatient war-
farin therapy is proposed (Fig. 1), which complements the 
following discussion. A comparison of different anticoagu-
lant strategies is depicted in Table 1.

2.1  Establishing the Ongoing Need 
for Anticoagulation [Step 1]

Warfarin is primarily initiated during hospital admission, 
and patients are referred to primary care for continuation 
and monitoring. Regardless of the setting in which warfarin 
is first initiated, clinicians need to assess (or reassess) the 
indication for warfarin as outpatient therapy. Conditions 
necessitating warfarin therapy include atrial fibrillation 
[12], cardioembolic ischemic stroke [13], prosthetic heart 
valve [14], venous thromboembolism (deep vein thrombosis 
[15] and pulmonary embolism [16]), and antiphospholipid 
antibody syndrome [17]. Some of these indications, such as 
ischemic stroke and prosthetic heart valve, require lifelong 
anticoagulation treatment, whereas indications such as deep 
vein thrombosis and pulmonary embolism may not require 
indefinite anticoagulation and patients should undergo care-
ful re-evaluation of their need for ongoing warfarin therapy.

Patients with prior deep vein thrombosis or pulmonary 
embolism who have completed 3–6 months of warfarin 
therapy may be considered for cessation of treatment where 
appropriate. Continuing anticoagulation beyond 3–6 months 
is not routinely considered in patients with a provoked epi-
sode of venous thromboembolism with transient risk factors 
(assuming the risk factor is no longer present), isolated distal 
deep vein thrombosis, subsegmental or incidental pulmonary 
embolism, or a high risk of bleeding [18]. Patients who con-
tinue warfarin therapy indefinitely for secondary prophylaxis 
of venous thromboembolism require reassessment of bleed-
ing risk, since a high/very high bleeding risk may outweigh 
the benefits of reducing the risk of recurrence of venous 
thromboembolism event with warfarin therapy. Therefore, 

warfarin therapy may no longer be appropriate (however, 
re-initiation of anticoagulation may be needed once the 
bleeding risk becomes reasonable) [19]. Patients with atrial 
fibrillation for whom sinus rhythm has been restored, either 
spontaneously or deliberately, also require assessment of 
their ongoing need for warfarin therapy. Warfarin therapy is 
indicated up to 4 weeks after the restoration of sinus rhythm 
because of the high likelihood of recurrence of atrial fibril-
lation in the first month after reversion to sinus rhythm and 
the risk of transient post-cardioversion atrial stunning in the 
immediate peri-cardioversion period. However, continuation 
of long-term warfarin therapy 4 weeks post-restoration of 
sinus rhythm should be guided by the  CHA2DS2-VASc or 
 CHADS2 score and consideration of the long-term bleeding 
risk using the HAS-BLED score [20–22].

2.2  Switching from Warfarin to Direct Oral 
Anticoagulants [Step 2(a)]

In patients for whom warfarin therapy is appropriately 
indicated and the need for warfarin is ongoing, a switch to 
direct oral anticoagulants (DOACs), including dabigatran, 
rivaroxaban, apixaban, and edoxaban, should be considered. 
While DOACs do require periodic renal function monitoring 
throughout the treatment course (at least annually or when 
clinically indicated), monitoring is predictable and less rig-
orous than the INR testing required for warfarin therapy so 
offers convenience for both clinicians and patients amid the 
COVID-19 pandemic [23]. Moreover, important additional 
advantages of the DOACs include the lack of susceptibility 
to dietary interactions and markedly reduced susceptibility 
to drug interactions, which somewhat alleviates the need 
for the intensive in-clinic patient counseling required during 
initiation and maintenance of warfarin therapy.

Anticoagulation with each of the DOACs (dabigatran, 
rivaroxaban, apixaban, and edoxaban) has led to similar or 
lower rates of both ischemic stroke and major bleeding com-
pared with adjusted-dose warfarin (INR 2.0–3.0) in patients 
with nonvalvular atrial fibrillation in large randomized trials 
[24]. In addition, large randomized trials and meta-analyses 
have reported the safety and efficacy of these agents for the 
treatment and prevention of recurrent deep vein thrombo-
sis and/or pulmonary embolism. Most of these trials were 
designed as noninferiority trials comparing DOACs and 
standard anticoagulation (i.e., heparin followed by warfarin) 
and showed comparable safety and efficacy [25–32].

However, DOACs are contraindicated in patients with 
a prosthetic mechanical valve because of the greater risk 
of potentially fatal valve thrombosis [33, 34]. In addition, 
a switch to DOACs may be inappropriate in the following 
clinical situations that lack evidence or clinical experience: 
patients with moderate to severe mitral stenosis; antiphos-
pholipid antibody syndrome; pregnancy, breastfeeding, or 
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planning a pregnancy; a target INR higher than the stand-
ard range of 2.0–3.0; severe renal impairment (creatinine 
clearance < 15 ml/min); severe hepatic impairment; active 
malignancy/chemotherapy; extreme obesity (body mass 
index > 40 kg/m2 or body weight > 120 kg); or concurrent 
interacting drugs [33]. To further illustrate, DOACs are not 
used in patients with significant mitral valve disease because 
they were excluded from the clinical trials of these newer 
agents so further study is needed to determine the safety 
and efficacy of DOAC in this setting. A review of currently 
available data provided reassurance for the use of DOACs 
in patients with a body mass index ≤ 40 kg/m2 or body 

weight ≤ 120 kg, but whether clinically adequate drug con-
centrations can be attained with standard dosing of DOACs 
beyond these weight parameters remains to be determined 
[35]. Patient-specific circumstances such as issues of afford-
ability may also affect the uptake of DOACs, since war-
farin therapy is much cheaper than DOACs. Nevertheless, 
generic dabigatran is available in several countries following 
the expiry of dabigatran’s patent protection. Also, nonad-
herent patients are unsuitable candidates for DOACs as the 
short half-lives of DOACs can easily leave the patient inade-
quately anticoagulated compared with warfarin therapy, and 

Fig. 1  A proposed stepwise algorithm for the management of outpa-
tient warfarin therapy. DOAC direct oral anticoagulant, INR interna-
tional normalized ratio, LMWH low-molecular-weight heparin. aCon-
sider appropriateness of indication for warfarin therapy and current 
bleeding risk. bConsider contraindications, indications where DOACs 
might not be suitable, availability of DOACs in the formulary, and 

cost issues. cOnly for patients with venous thromboembolism. Con-
sider personal preference, renal function, suitability for injection, and 
cost issues. dConsider suitability for self-managed and/or self-mon-
itored INR, a requirement for training prior to self-managed and/or 
self-monitored INR, local resources, and cost issues
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a lack of routine monitoring means assessing adherence can 
be difficult [36, 37].

The product-specific package inserts for warfarin and 
DOACs differ slightly, but generally we think it is reason-
able to discontinue warfarin and initiate any of the DOACs 
immediately when the INR is ≤ 2.0 [38]. However, some 
sources maintain that, when switching from warfarin to 
DOACs, rivaroxaban and edoxaban can be initiated when 
INR is < 3.0 and < 2.5, respectively, upon discontinuation 
of warfarin [39]. Another alternative would be to start the 
DOAC immediately or, ideally, the next day when the INR 
is 2.0–2.5 [40]. However, we would emphasize that patients 
should only be switched from warfarin to a DOAC by clini-
cians with experience in managing anticoagulation.

In some settings, especially those with low resources, the 
supply of DOACs would be limited amid the COVID-19 
pandemic. Therefore, we recommend prioritizing patients 
with poor control of INR, as this cohort will likely require 
more frequent INR checks (and so more frequent healthcare 
contact) to stabilize anticoagulation control.

2.3  Switching from Warfarin 
to Low‑Molecular‑Weight Heparins/
Fondaparinux [Step 2(b)]

For patients with venous thromboembolism with adequate 
renal function but in whom DOACs are contraindicated or 
where evidence for the use of DOACs is not established, 
and INR monitoring with warfarin therapy is unpractical 
due to COVID-19-related movement restrictions, low-
molecular-weight heparins (LMWHs) or fondaparinux 
are the only alternative measure. Commercially avail-
able LMWHs include enoxaparin, dalteparin, tinzaparin, 
bemiparin, and nadroparin. LMWHs and fondaparinux 
have a better correlation between dose and anticoagulant 
response, permitting administration of a fixed weight-
based dose without close laboratory monitoring [41]. 
Though the need for daily subcutaneous injections may 
make them an undesirable option from the patient’s per-
spective, adequate counseling and appropriate training for 
patients or caregivers on the correct injection technique 
may overcome the initial anxiety. Patients or their caregiv-
ers should be able to demonstrate the correct injecting 
technique after receiving appropriate training. Pharma-
cists involved in dispensing LMWHs should particularly 
ensure the most appropriate syringe size is selected for the 
patient, and each patient should be provided with sharps 
containers for the correct disposal of used syringes. Fon-
daparinux is supplied in prefilled syringes, so selection 
of syringe size is not an issue, but patients should still be 
provided with sharps containers.

LMWHs and fondaparinux can be administered sub-
cutaneously in weight-based dosing for the treatment of Ta
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venous thromboembolism [15, 18, 42], including patients 
with concomitant cancer [43] requiring full anticoagula-
tion for ≥ 3 months. Prescribing clinicians must assess 
complete blood count and renal function (and serum 
potassium for LMWHs) before initiating LMWHs or fon-
daparinux and during therapy when clinically indicated. 
Patients should also be weighed at treatment initiation to 
calculate the correct dose. Nevertheless, data are sparse 
on whether patients with extreme obesity should be given 
weight-based or fixed LMWH doses, but pharmacody-
namic data in patients weighing > 100 kg suggest that 
patients weighing ≤ 160 kg may receive a full calculated 
weight-based dose of LMWHs [44]. Conversely, the anti-
coagulation effect of fondaparinux is uncertain in patients 
with body mass index > 35  kg/m2 [45]. Beyond these 
weight parameters, patients should be maintained on war-
farin as their anti-Xa levels should be closely monitored to 
ensure effective anticoagulation, which renders the reason 
for switching to LMWHs or fondaparinux redundant [44]. 
Patients receiving LMWHs should receive appropriate 
education and counseling to ensure they are aware of the 
early symptoms of thrombocytopenia (unexplained throm-
bosis, necrotic skin lesions at injection sites) because 
LMWHs are infrequently associated with heparin-induced 
thrombocytopenia, with a meta-analysis reporting a rate 
of 1.2% in patients with venous thromboembolism [46].

Similar to DOACs, some considerations to be considered 
in the decision-making process is that maintaining patients 
on LMWHs or fondaparinux costs more than maintaining 
patients on warfarin (per unit price: fondaparinux > enoxapa-
rin > warfarin), and supply of these parenteral anticoagulants 
may be limited during the COVID-19 pandemic, thus neces-
sitating patient prioritization criteria.

2.4  Assess Candidacy for Self‑Management and/
or Self‑Monitoring of INR [Step 3]

Self-management and/or self-monitoring of INR among 
patients with warfarin therapy who could not be switched 
to either a DOAC or LMWH could be promoted to ease 
the INR monitoring workload across the healthcare system 
and to observe social distancing or lockdown amid the 
COVID-19 pandemic. Self-management involves patients 
self-testing their INR, with subsequent dose adjustment/
maintenance according to a predetermined dose–INR 
schedule. Self-monitoring requires patients to call their 
respective clinic for appropriate dose adjustment or main-
tenance advice after INR self-testing. These self-manage-
ment approaches could be particularly useful in residen-
tial aged-care facilities or nursing homes in which several 
patients may require INR testing. Barriers to INR testing 
in these settings, such as difficulties in having pathology 
providers visit were noted even before the COVID-19 

pandemic [47]. Many patients residing in aged-care facili-
ties who are prescribed warfarin spend a considerable pro-
portion of their time outside of the therapeutic range [48].

Small portable devices or coagulometers are available for 
patients to self-test their INR. When accompanied by appro-
priate education and training, along with consistent quality 
control, most patients, including older adults, can effectively 
and safely adjust their anticoagulant dosing [49–56]. The 
INR values obtained with these devices generally correlate 
well with laboratory measurements [57]. A 2016 review of 
randomized controlled trials comparing the effects and the 
clinical outcomes of self-monitoring or self-management of 
INR with standard monitoring and care, including personal 
physicians and anticoagulation hospitals or clinics, reported 
that self-testing and self-management of INR for patients 
receiving vitamin K antagonists (VKA) are valuable and 
effective strategies for INR control [58]. Despite an unclear 
relationship between INR control and clinical effects, these 
self-management strategies provide better control of the anti-
coagulant effect, improve the quality of life for patients and 
their families, and represent an appealing solution in terms 
of cost effectiveness.

A 2016 meta-analysis of randomized trials compared the 
clinical outcomes of standard INR monitoring to self-mon-
itoring and/or self-management in 8950 individuals [59]. 
Compared with standard monitoring, those who used self-
monitoring and/or self-adjusted dosing had the following 
clinical outcomes over a follow-up period of 3–57 months: 
significantly fewer thromboembolic events (relative risk 
[RR] 0.58; 95% confidence interval [CI] 0.45–0.75), no dif-
ference in major or minor bleeding events (RR 0.95; 95% CI 
0.8–1.12 and RR 0.97; 95% CI 0.67–1.41, respectively), and 
a nonsignificant trend toward reduced mortality (RR 0.85; 
95% CI 0.71–1.01).

Similarly, the burden on domiciliary pathology services 
could be eased amid the COVID-19 pandemic if all patients 
requiring warfarin therapy in a particular aged-care facility 
could self-monitor their INRs with the assistance of nursing 
staff who could also record their INR values and adjust the 
warfarin dose upon communication with the physician, elec-
tronically or according to a predetermined dose–INR sched-
ule. A proof-of-concept study that implemented aged-care 
facility-based INR testing with electronic communication to 
general practitioners among residents receiving warfarin in 
Australia noted improved anticoagulation control for most 
of the residents receiving warfarin and general satisfaction 
from the general practitioners, nursing staff, and patients 
[60].

Careful selection of patients suitable for self-management 
and/or self-monitoring by clinicians is of utmost importance 
to avoid therapeutic misadventure. Such patients or caregiv-
ers should be sufficiently orientated and have the mental 
capacity to deal with self-management approaches, have the 
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manual dexterity and physical ability to operate the coagu-
lometer and components, have eyesight adequate to see the 
display screen, be contactable by phone and/or email, as 
preferred, and be adherent to anticoagulant therapy [61].

Before patients or their caregivers commence self-man-
agement and/or self-monitoring of INR, the anticoagulant 
service provider must first ensure they receive counseling 
to ensure an acceptable basic knowledge of warfarin, are 
trained in the use of the coagulometer, and are deemed com-
petent by the trainer [62]. At initiation of self-INR testing, 
a venous sample or a professional point-of-care coagulom-
eter should be used to compare results from the patient’s 
coagulometer for at least the first two weekly INR readings 
to ensure the accuracy and reliability of results and allow an 
assessment of the patient’s ability to self-monitor. While we 
foresee challenges in terms of training patients and under-
taking quality assurance checks, in addition to purchasing 
equipment and providing test strips, INR self-monitoring 
should be considered for patients/caregivers who are capable 
of undergoing the required tasks to minimize INR monitor-
ing workload across the healthcare system amid the COVID-
19 pandemic.

2.5  In‑Clinic Monitoring of INR [Step 4]

The usual in-clinic monitoring of INR should be maintained 
for patients unable to self-monitor INR to avoid compromis-
ing the quality and safety of warfarin therapy. Outpatient 
INR monitoring may be performed at a laboratory or with a 
point-of-care device [63]. Patients initiating warfarin therapy 
require frequent measurements (at least two to three times 
per week) in accordance with institutional protocols [64]. 
In addition, patients with an INR value outside the thera-
peutic range or with frequent dose adjustments or changes 
in clinical status require more frequent monitoring until the 
dose can be stabilized (at least once weekly) [65]. Once 
the anticoagulant effect and dose requirements of warfarin 
have been stabilized for at least 1–2 weeks, the INR can be 
monitored less frequently, at intervals in the range of every 
2–4 weeks [64, 65].

However, there may be a subpopulation of patients 
in whom the interval between INR testing can be further 
extended. Thrombosis UK guidelines suggest extending the 
interval between INR testing to ≥ 8 weeks in patients whose 
anticoagulation is stable on warfarin with a TTR of > 60% 
and to 10 weeks in patients achieving a TTR of > 80% [66]. 
Generally, the major guidelines recommend that the interval 
between INR testing should not extend beyond 12 weeks, 
but flexibility could be allowed to monitor less frequently 
than every 12 weeks in the most stable patients, similar to 
those in clinical trial populations, during the COVID-19 
pandemic, especially for patients in self-isolation because 
of possible COVID-19 exposure [67–69]. However, INR 

testing intervals should be extended cautiously in carefully 
selected patients because a prospective study reported that 
a large proportion of patients with previously stable INRs 
were unable to maintain stable INRs during extended-inter-
val follow-up (every 12 weeks) [70].

Several strategies can be employed amid the COVID-19 
pandemic to minimize contact time with patients requiring 
INR monitoring and to ease the burden on the healthcare 
system that may be congested with patients with COVID-
19. Patients who have COVID-19 symptoms before or 
upon arrival should be advised not to attend for monitor-
ing. In addition, a drive-through INR testing model may 
be possible, but the efficacy of this model is yet to be 
investigated. On the other hand, provision of point-of-care 
INR testing devices to anticoagulation service providers to 
facilitate point-of-care testing may reduce workload, for 
example, by reducing the need to transport blood samples 
to laboratories. Nevertheless, they should be adequately 
protected by personal protective equipment (e.g., face 
masks, gowns, gloves), with workstations disinfected after 
every patient.

3  Conclusion

Patients newly initiated or established on long-term warfarin 
therapy should first undergo assessment of the ongoing need 
for warfarin therapy and discontinue if warfarin therapy is 
otherwise not or no longer indicated. Patients for whom war-
farin therapy is indicated may attempt a switch to a DOAC in 
the absence of contraindications to DOACs and patient-spe-
cific circumstances precluding their use. LMWHs and fonda-
parinux are alternatives if a switch to DOACs is not possible. 
Self-management and/or self-monitoring of INR should be 
offered to patients receiving warfarin therapy where both 
DOACs and LMWHs/fondaparinux are not appropriate or 
inaccessible. Lastly, patients receiving warfarin who are 
unable to perform self-monitoring of INR should undergo 
the usual in-clinic INR monitoring, with consideration of 
extending the interval between INR testing among suitable 
patients. For patients being switched to a new anticoagulant 
or who will be undergoing self-monitoring of INR, standard 
therapeutic patient education should be provided, and con-
sideration can be given to tele-education amid the COVID-
19 pandemic if local resources are available and patients are 
receptive to such communication method.

The need to observe social distancing or lockdown rules 
should not affect the quality and safety of anticoagulant ther-
apy. Therefore, we strongly urge clinicians to ensure patients 
receiving warfarin therapy are appropriately managed 
despite the COVID-19 crisis. Hospital admission because 
of major bleeding or thromboembolic events due to war-
farin mismanagement would expose patients to additional 
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healthcare interventions and increase their potential for 
acquiring COVID-19.
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