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A B S T R A C T   

Introduction: Patients taking warfarin require frequent international normalized ratio (INR) monitoring in 
healthcare settings, putting them at increased risk of Coronavirus disease 2019 (COVID-19) exposure during the 
pandemic. Thus, strategies to limit in-person visits to healthcare facilities were recommended by the Anti-
coagulation Forum. The objective of this study was to describe the number and types of changes made to 
anticoagulation therapy as a result of pharmacist intervention during the COVID-19 pandemic. 
Materials and methods: A retrospective chart review of patients included in a primary care COVID-19 anti-
coagulation intervention was conducted. During this intervention, pharmacists provided individualized recom-
mendations for anticoagulation changes in patients taking warfarin to limit their healthcare facility exposure 
while also maintaining safe anticoagulation management practices. 
Results: As a result of pharmacist intervention, 83 (55.7 %) of the 149 patients included in the intervention had 
changes in anticoagulation including: switching to a direct oral anticoagulant (n = 12), extending the INR 
monitoring interval (n = 48), switching to home INR monitoring (n = 21), or stopping anticoagulation (n = 2). 
For those patients who were taking warfarin for the entire 6 months pre- and post-intervention, the total number 
of healthcare facility and laboratory visits with an INR completed decreased from 8.8 to 6.4 (p < 0.001) per 
patient without a statistically significant decrease in time in therapeutic range (p = 0.76). 
Conclusions: This study depicts rapid implementation of a population health-based approach to assess all patients 
taking warfarin for options to minimize healthcare visits and decrease risk for COVID-19 exposure. Methods to 
reduce healthcare visit burden while maintaining patient safety should be considered as a regular component of 
anticoagulation management post-pandemic.   

1. Introduction 

At the beginning of the coronavirus disease 2019 (COVID-19) 
pandemic, many communities and states within the United States 
enacted stay-at-home orders and the Centers for Disease Control and 
Prevention (CDC) recommended healthcare providers utilize telehealth 
strategies when possible to reduce risk of COVID-19 transmission in 
healthcare settings [1–3]. As a result, healthcare delivery in the United 
States transitioned from a model composed of predominantly face-to- 
face visits to one with high utilization of telehealth visits [4]. Patients 
taking warfarin required special considerations for care during the 
pandemic, as they require frequent international normalized ratio (INR) 

monitoring to ensure medication safety and efficacy, with the majority 
of this monitoring occurring in medical offices and laboratories. Thus, it 
is imperative to minimize risk for COVID-19 exposure while simulta-
neously ensuring appropriate and safe warfarin monitoring [5]. 

As a result of the COVID-19 pandemic, healthcare providers had to 
adapt to provide care in different ways. This included utilization of 
telehealth services, operation of drive-up point of care testing, and 
implementation of protocols to reduce COVID-19 exposure for both 
patients and providers [6,7]. The Anticoagulation Forum provided rec-
ommendations for safely managing anticoagulation during the COVID- 
19 pandemic including converting patients to direct oral anticoagu-
lants (DOACs), extending the INR monitoring interval, utilizing home 
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INR monitoring, visiting laboratories at non-peak times, using drive- 
through INR monitoring, and using telehealth visits [5]. 

A robust collection of literature illustrates the positive impact of 
pharmacist management of warfarin, resulting in higher time in thera-
peutic range (TTR) and fewer bleeding events [8–14]. Multiple studies 
have also demonstrated the impact of pharmacists on appropriate and 
safe use of DOACs [15,16]. 

This study describes a pharmacist-run population health intervention 
to manage anticoagulation in a primary care setting during the COVID- 
19 pandemic. The primary objective of this study was to describe the 
number and types of changes made to anticoagulation therapy as a result 
of pharmacist intervention during the COVID-19 pandemic. Secondary 
objectives included: (1) defining barriers to switching warfarin to a 
DOAC, (2) tracking the number of major bleeding and thrombosis events 
after changes in anticoagulation therapy, (3) describing the impact of an 
extended INR monitoring interval on patient TTR, and (4) comparing the 
number of in-person healthcare and laboratory visits for each patient in 
the 6 months before and after pharmacist intervention. 

2. Materials and methods 

2.1. Setting 

This intervention was completed at six National Committee for 
Quality Assurance tier-3 patient centered medical homes (PCMHs) 
associated with a large academic medical center between March 18, 
2020 and April 13, 2020. Clinical pharmacists are embedded in these 
clinics and provide patient care with a team of attending physicians, 
medical residents, nurse practitioners, nurses, medical assistants (MAs), 
social workers, and dietitians. The healthcare teams in these clinics care 
for >50,000 patients each year. An electronic health record (EHR) that 
includes patient vitals, office visit encounter notes, hospital and emer-
gency department visit notes, and laboratory results from the entire 
health system, as well as outside records from other participating health 
systems, was used to provide and document care. 

2.2. Intervention 

An EHR report was generated to identify all patients with a general 
internal medicine (GIM) primary care provider (PCP) that had an anti-
coagulation management encounter in the previous 3 months. Patients 
who were taking warfarin and had their INR monitoring managed by a 
GIM PCP were included in the intervention. Patients were excluded from 
the intervention if they were already enrolled in home INR monitoring, 
had already received recommendations for anticoagulation manage-
ment during the pandemic prior to the intervention, or were deceased. 
Pharmacists reviewed the EHR for each patient to determine the best 
recommendation for anticoagulation management during the COVID-19 
pandemic. Recommendations made by the pharmacist included (1) 
switching to a DOAC, (2) extending the INR monitoring interval, (3) 
transitioning to home INR monitoring, (4) stopping anticoagulation, and 
(5) no change in anticoagulation plan. These recommendations were 
made to and discussed with the patient's PCP, at which time the PCP 
could accept or decline the pharmacist's recommendation. For accepted 
recommendations, pharmacists engaged the patients in informed 
decision-making discussions, at which time, patients could also accept 
or decline the recommendations. Patient care teams consisting of PCPs, 
pharmacists, nurses, and MAs worked together to implement all changes 
in anticoagulation management. 

2.3. Outcome measurement 

Patient charts were reviewed to determine the number and type of 
anticoagulation management recommendations made by a pharmacist 
during the intervention. Anticoagulation management recommendation 
types included (1) switching to a DOAC, (2) extending the INR 

monitoring interval, (3) transitioning to home INR monitoring, (4) 
stopping anticoagulation, (5) no change in anticoagulation plan, and (6) 
unknown. For some patients, the pharmacist would list multiple 
acceptable recommendations for anticoagulation management in order 
to provide options if the primary plan was not accepted by the physician 
or the patient or if there were other barriers identified, such as cost. If 
multiple recommendations were made by the pharmacist, the first 
recommendation listed was documented as the pharmacist recommen-
dation. If the recommendation made was to discuss further with the PCP 
and no further documentation was made, the recommendation was 
categorized as unknown. 

The percentage of pharmacist recommendations accepted by the PCP 
and the patient were tracked. Recommendations were considered 
accepted by the PCP if the physician documented that they agreed with 
the pharmacist recommendation or if outreach was later started to 
communicate the recommendation to the patient. Recommendations 
made to patients were considered accepted or declined based upon 
reviewing the EHR for (1) the presence or absence of a new DOAC order, 
(2) documentation indicating a delay in the next INR monitoring date, 
(3) the initiation of the process to obtain a home INR monitor, or (4) the 
notification to the physician that the patient declined changes. 

Barriers to switching a patient from warfarin to a DOAC, including 
cost, patient preference, provider preference, or other, were quantified. 
Additionally, the number and type of bleeding or thromboembolic 
events, which were defined as (1) any hospitalization or emergency 
department visit for bleeding or thromboembolism or (2) imaging 
showing VTE, in the 6 months after pharmacist intervention were 
collected. 

The TTR, calculated using the Rosendaal method, was compared for 
6 months before and after the intervention for all patients remaining on 
warfarin who had at least one INR collected in the 6 months before and 
after the intervention date [27]. Patients were excluded from this 
measure if they were not taking warfarin for the full 6 months before and 
after the intervention, were not managed by a GIM PCP for 6 months 
before and after the intervention, had no INR completed in the 6 months 
before or after the intervention, or were deceased within 6 months of the 
intervention. Additionally, for all patients taking an oral anticoagulant 
managed by a GIM PCP for the entire 6 months before and after the 
intervention, the number of healthcare visits during that time, including 
both outpatient office visits and laboratory visits, with an INR completed 
were compared. Patients were excluded from this measure if they were 
not taking anticoagulation for the full 6 months before and after inter-
vention, were switched to a DOAC after the intervention by a different 
provider, were not managed by a GIM PCP for a full 6 months before and 
after the intervention, or were deceased within 6 months of the inter-
vention. If a point-of-care INR was completed during an office visit and 
confirmed on the same day by a venipuncture INR, this was classified as 
one healthcare visit. Both measures were compared using a two-sided 
paired Student's t-test, and p-values <0.05 were considered statisti-
cally significant. This study was reviewed and approved by the institu-
tional review board for human subject research at the academic health 
center. 

3. Results 

A total of 832 patients with a PCP in the network of PCMHs that had 
an anticoagulation management encounter for INR monitoring in the 
previous three months were identified. Of these, 789 patients were 
actively taking warfarin and 149 of these patients were included in the 
intervention. Of the 683 patients excluded, 489 (71.6 %) were receiving 
anticoagulation management from an outside provider, 79 (11.6 %) 
were already enrolled in home INR monitoring, 62 (9.1 %) were no 
longer active patients of a GIM PCP, 43 (6.3 %) were no longer actively 
prescribed warfarin, 8 (1.2 %) were deceased, and for 2 (0.3 %) the PCP 
had already received recommendation for anticoagulation management 
during COVID-19 pandemic prior to the intervention. Baseline 
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characteristics of the patients included in the intervention are shown in 
Table 1. 

Pharmacist recommendations and acceptance rates by the PCP and 
the patient are shown in Tables 2 and 3. Anticoagulation type after the 
intervention is shown in Fig. 1. The reasons for an unsuccessful switch to 
a DOAC (n = 31) were patient preference (14, 45.2 %), cost (8, 25.8 %), 
provider preference (7, 22.6 %), and unable to reach the patient to 
discuss (2, 6.5 %). 

The mean number of healthcare facility and lab visits with an INR 
completed and mean TTR in the 6 months before and after pharmacist 
intervention are shown in Table 4. 

There were a total of 3 bleeding events and 1 thromboembolic event 
in the 6 months following the intervention. One bleeding event occurred 
in each group of patients including those with no change in their anti-
coagulation, patients with an extended INR monitoring interval, and 
patients switched to a DOAC. One thromboembolic event occurred in the 
group of patients with no change in anticoagulation. 

4. Discussion 

The COVID-19 pandemic was an unprecedented time in healthcare 
that required immediate action to safely manage patients taking 
warfarin while also minimizing risk for COVID-19 exposure. This study 
depicts rapid implementation of a population health-based approach to 
assess all patients taking warfarin to determine if a feasible and appro-
priate option to minimize healthcare visits and decrease risk for COVID- 
19 exposure existed. 

DOACs differ from warfarin in several ways, including a rapid onset 
of action, shorter duration of action, and less frequent monitoring re-
quirements [17]. DOACs are preferred over warfarin for patients with 
nonvalvular atrial fibrillation and for patients with venous thrombo-
embolism (VTE) requiring acute management or long-term therapy 

without contraindications to DOACs. The use of DOACs also decreases 
the need for laboratory monitoring and healthcare visits [18–20]. 
Pharmacist knowledge of appropriate DOAC indications and dosing, 
ways to transition from warfarin to a DOAC, and ways to overcome 
barriers to DOAC use were imperative to this intervention, however 
even with pharmacist support only 26 % of patients actually switched to 
a DOAC when recommended. This is actually higher than a previous 
study based in the United Kingdom where only 186 of 3800 patients (5 
%) taking warfarin were switched to a DOAC [21]. Barriers prevent 
patients from switching to DOACs, including a lack of provider comfort 
with DOAC prescribing, a lack of provider awareness of DOAC benefits, 
higher medication cost to the patient, patient preference, and provider 
preference [22,23]. Given the difficulty of overcoming these barriers, 
utilization of alternate methods to safely monitor INR were required for 
many patients. 

In this intervention, 62 of the pharmacist recommendations for 
changes in anticoagulation were accepted by the PCP and subsequently 
by the patient, and a total of 83 patients had changes in their 

Table 1 
Baseline demographic information (N = 149).  

Mean age in years (±SD) 69.9 ± 13.3 

Sex, n (%) 
Female 66 (44.3) 
Male 83 (55.7)  

BMI, n (%) 
BMI <18.5 1 (0.7) 
BMI 18.5 to <25 24 (16.1) 
BMI 25.0 to <30 47 (31.5) 
BMI 30 to <40 59 (39.6) 
BMI ≥40 18 (12.1)  

Insurance, n (%) 
Medicare 98 (65.8) 
Medicaid 13 (8.7) 
Combo Medicare/Medicaid 5 (3.4) 
Private 30 (20.1) 
None 3 (2.0)  

Creatinine clearance (mL/min), n (%) 
<30 10 (6.7) 
≥30 139 (93.3)  

Indication for anticoagulation, n (%) 
Non-valvular atrial fibrillation 54 (36.2) 
Multiple indications 40 (26.8) 
Venous thromboembolism 35 (23.5) 
Mechanical heart valve 12 (8.1) 
Othera 8 (5.4)  

a Other includes antiphospholipid syndrome, portal vein and he-
patic artery thrombosis, valvular atrial fibrillation, atrial flutter, 
repair of dissecting aneurysm of ascending thoracic aorta, stroke, 
cerebral embolism. 

Table 2 
Physician acceptance of pharmacist recommendation (N = 149).  

Change in 
anticoagulation 

Pharmacist 
recommendation (N) 

Recommendations accepted by 
PCP (N) (%) 

Switch to DOAC  42 35 (83.3) 
Extend INR interval  44 34 (77.3) 
Home INR 

monitoring  
33 29 (87.9) 

No change  22 21 (95.5) 
Unknown 

recommendation  
5 – 

Stop anticoagulation  3 2 (66.7) 
Total  149 121  

Table 3 
Patient acceptance of pharmacist recommendation (n = 100a).  

Change in 
anticoagulation 

Recommendation discussed 
with patient, n 

Recommendations accepted 
by patient, n (%) 

DOAC  35 11 (31.4) 
Extend INR interval  34 32 (94.1) 
Home INR 

monitoring  
29 17 (58.6) 

Stop 
anticoagulation  

2 2 (100) 

Total  100 62 (62)  

a Pharmacists did not discuss recommendations with patients who had no 
changes made to their anticoagulation regimens or patients for which the 
pharmacist recommendation was not accepted by the PCP. Thus, the 21 patients 
for which no change to anticoagulation was recommended by the pharmacist 
and accepted by the PCP, and the 28 patients for which the pharmacist recom-
mendation were not accepted by the PCP were not contacted to discuss 
recommendations. 

8.1%

32.2% 

14.1% 

41.6%

1.3% 2.7% 

DOAC (N=11)

Extended INR monitoring interval (N=48)

Home INR (N=21)

No change (N=63)

Stopped anticoagulation (N=2)

Switched anticoagulation providers (N=4)

Fig. 1. Anticoagulation after pharmacist intervention (N = 149).  
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anticoagulation management. When the primary recommendation was 
not accepted by either the PCP or the patient, or was not feasible due to 
cost or other barriers, pharmacists provided alternate recommendations 
that could be utilized to reduce healthcare visit burden. For this reason, 
21 patients did not accept the primary pharmacist recommendation, but 
still had changes made to their anticoagulation, such as an extended INR 
monitoring interval or home INR monitoring. 

As a result of this intervention, the number of healthcare facility 
visits decreased without significant changes in TTR for patients 
remaining on warfarin. These findings are consistent with a study of a 
pharmacist-run anticoagulation clinic that compared anticoagulation 
care in the 3 months before and after the start of the COVID-19 
pandemic [24]. Patients in this previous study had a mean of 3.9 visits 
and a TTR of 60.6 % in the 3 months prior to the start of the COVID-19 
pandemic and 2.3 visits (p < 0.001) and a TTR of 65.8 % (p = 0.21) 
during the first three months of the COVID-19 pandemic [24]. 

Interestingly, 94.1 % of pharmacist recommendations to extend the 
INR monitoring interval were accepted by the patient. The American 
College of Chest Physicians recommends to consider extending the INR 
interval up to 12 weeks for patients with consistently therapeutic INRs 
rather than the traditional maximum INR monitoring interval of 4 weeks 
[25], and thus pharmacists were able to limit exposures to healthcare 
settings through recommending extended monitoring intervals. The 
desire to continue with warfarin therapy due to patient and provider 
comfort levels and their own past stability with warfarin may have 
contributed to this low acceptance rate of DOACs and the very high 
acceptance rate to extend INR interval. 

The Anticoagulation Forum did recommend additional alternative 
strategies that could be utilized to limit health care visits, including 
visiting laboratories at non-peak times, using drive-through INR moni-
toring, and using telehealth visits [5]. While some patients in this 
intervention did use laboratory monitoring and telehealth visits for INR 
monitoring, pharmacists did not include these specific recommenda-
tions in their intervention because they still required patients to come 
into the lab and instead pharmacists tried to utilize DOACs and home 
INR monitoring when appropriate. Additionally, drive through INR 
monitoring was available for some patients who chose to transition to 
outside anticoagulation clinics, but was not deemed a feasible option for 
the patient-centered medical homes described in this study. 

Of the four patients with a bleeding or thromboembolic event, two 
patients had their anticoagulation altered during the intervention and 2 
patients continued the same anticoagulation management plan as prior 
to the intervention. This study was not designed to determine causality 
for these events as patient specific factors and confounders may have 

contributed to these outcomes in both groups. 
There are important limitations to this study. Due to the retrospec-

tive nature of the chart review, not all information discussed with pro-
viders was documented in the EHR, thus the specific recommendation 
made by the pharmacist for 5 patients was unknown. Additionally, if a 
patient had a bleeding or thromboembolic event at a health system that 
was not integrated with the health system EHR, this event would not 
have been identified during the chart review, however all major 
neighboring health systems do share their information in a health in-
formation exchange program. 

5. Conclusion 

This study describes the successful use of a pharmacist-driven pop-
ulation health intervention to manage anticoagulation during the 
COVID-19 pandemic. The number of healthcare facility visits was 
reduced without significantly decreasing the patients' TTR. Methods to 
reduce healthcare visit burden, without minimizing safety, for patients 
taking warfarin should be considered as a regular component of anti-
coagulation management post-pandemic. 
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