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Abstract
Warfarin has been used as an anticoagulant by millions of patients due to its effectiveness, availability, and low cost. Evidence 
on the safe extension of international normalized ratio (INR) testing frequency remains an area of interest, especially during 
the recent COVID-19 pandemic. The purpose of this study is to safely extend INR testing intervals in patients throughout a 
multisite, system-wide anticoagulation clinic. Updates were made to the pharmacist’s collaborative practice agreement (CPA) 
and nurse protocol to optimize practice and allow INR testing interval extension up to a maximum of 8-weeks. The primary 
outcome was the change in duration between INR tests (INR testing interval) measured before and after providing staff edu-
cation on clinic updates. The mean duration between INR tests (SD) was 23.69 days (11.29) in the pre-intervention period 
and 25.58 days (13.91) in the post-intervention period. During the COVID-19 pandemic (post2), intervals were extended 
further to 27.81 days (14.96), demonstrating a statistically significant increase in INR testing interval from pre-intervention 
to post-intervention and to post2 (p < 0.001 and p < 0.001, respectively). A secondary outcome indicated the mean time 
in therapeutic range (SD) showed no significant difference in pre-intervention 70.11% (25.95) versus post-intervention of 
69.76% (25.69) with a difference of − 0.35% (29.93) (p = 0.956) or versus the post2 of 68.82% (27.20) with a difference of 
− 1.29% (33.20) (p = 0.120). This study showed that changes to the CPA and protocol allowed for a significant increase in 
INR testing interval while simultaneously maintaining a mean time in therapeutic range > 60% for the clinic population.

Keywords  Warfarin · INR testing interval · Time in therapeutic range (TTR) · Protocol · Collaborative practice agreement · 
COVID-19 pandemic

Highlights

•	 Changes to the nurse protocol and the pharmacist’s col-
laborative practice agreement (CPA), accompanied by 
education, resulted in a significant extension of the INR 
testing interval in the study participants.

•	 Increase in INR testing interval length did not signifi-
cantly decrease overall clinic mean time in therapeutic 
range (TTR).

•	 During the COVID-19 pandemic, INR testing intervals 
were further increased to accommodate the national 
quarantine and safer at home orders without reducing 
the clinic’s mean TTR.

•	 As a result of this project, the nurse protocol was also 
updated to align with the 8-week testing interval allowed 
in the pharmacist CPA. Other implications for future 
directions include exploring the safety of extending INR 
testing intervals up to 12-weeks.
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Introduction

Warfarin has been used as an anticoagulant by millions 
of patients across the world due to its effectiveness, wide-
spread availability, and low cost [1, 2]. For decades, war-
farin has been prescribed to prevent and treat thromboem-
bolic events [1]. However, there are challenges to its safe 
utilization, such as its narrow therapeutic window, variable 
biological effects, and potential for drug and food interac-
tions [3, 4]. To achieve desirable outcomes and optimize 
the benefit versus risk of warfarin therapy, monitoring of 
patient’s International Normalized Ratio (INR) and adjust-
ing the warfarin dose to maintain the INR in the desired 
goal range is essential [5, 6]. Furthermore, optimizing 
how often INR values are within therapeutic range, also 
known as time in therapeutic range (TTR), can improve 
outcomes, as an increased TTR is associated with a reduc-
tion in adverse bleeding and thromboembolic events [5, 6].

Many different methodologies exist for calculating 
TTR. The Rosendaal method is used most commonly 
because it incorporates time [6–8]. The Rosendaal method, 
also known as linear interpolation, draws a line from 
one measured INR to the next measured INR. The days 
between these two points are assigned INR values, assum-
ing that changes between consecutive measurements are 
linear over time. TTR is calculated by averaging measured 
or assigned value for all days in a selected period of time 
[9]. Major recent clinical trials have found most anticoagu-
lation clinics (ACC) across the country to achieve a mean 
TTR value in the mid-to-high 60% range [9]. Specifically, 
a retrospective cross-sectional study of patients with atrial 
fibrillation stratified subjects according to TTR and deter-
mined the following subgroups: TTR < 60% (poor anti-
coagulation control); TTR 60–75% (good anticoagulation 
control); TTR > 75% (excellent anticoagulation control) 
[8]. Clinics who specialize in anticoagulation should strive 
to continually advance and achieve excellent anticoagula-
tion control for their population.

Froedtert & the Medical College of Wisconsin’s 
(F&MCW) ACC utilizes a multidisciplinary approach to 
managing warfarin patients with a collaborative practice 
agreement (CPA) and a nurse protocol for pharmacists and 
nurses, respectively. The clinic manages approximately 
4000 patients across the F&MCW enterprise who are on 
warfarin. Patients are managed in a variety of ways: in-
person visit with point of care INR testing or telephone 
call following a venous lab draw, home health draw, or 
self-test. F&MCW has four clinic sites available for in-
person visits.

Monitoring of patients while on warfarin is a critical 
component of safe and efficacious therapy. The American 
College of Chest Physicians Antithrombotic Therapy and 

Prevention of Thrombosis 2012 guidelines indicate a level 
2B rating for an INR testing frequency of up to 12-weeks 
in patients on warfarin who have been stable for at least 
3 months. A 2B rating indicates a weak recommendation 
based on moderate quality evidence [10]. While further 
evidence would be beneficial to strengthen recommenda-
tions for extending INR testing intervals to 8- or 12-week 
frequency, available data suggests no increased risk for 
bleeding or thromboembolism when extending INRs up 
to 8-weeks in stable patients [11–13].

With the start of the COVID-19 pandemic, many cli-
nicians were required to extend INR testing intervals as 
safely as possible. Patients who take warfarin often have 
medical conditions that place them at high risk for severe 
COVID-19 disease severity and are often older in age 
which according to the Centers for Disease Control and 
Prevention, also places individuals at increased risk for 
severe illness including hospitalization, intensive care 
admissions, and death [14–18]. Compared to younger 
adults, individuals 65–74 years old are 5 times more likely 
to be hospitalized and 90 time more likely to die if they 
have COVID-19 infection [18–21]. Patients afraid of infec-
tion may be hesitant or refuse to come in for appointments 
and lab work even if considered essential. One way to help 
ease patient hesitation include testing options that do not 
require them to enter a hospital or clinic such as drive-up 
INR testing [22, 23]. Another precaution is to ensure INR 
testing intervals are extended when clinically appropriate. 
Clinician decision making is used to ensure patients are 
clinically appropriate if they are adherent with stable INRs 
and no new interacting medications, bleeding or throm-
botic episodes.

It was determined that opportunities existed to optimize 
patient management within F&MCW ACC’s CPA and pro-
tocol to allow INR testing interval to be extended when 
clinically appropriate. Prior to the implementation of this 
study, F&MCW ACC allowed for INR testing intervals to 
be extended up to 6-weeks based on the ACC clinician’s 
discretion and up to 8-weeks with the referring provider’s 
approval. Neither the CPA nor protocol included recommen-
dations for when and how to extend INR testing intervals 
beyond 6 weeks, and there is limited published literature to 
provide guidance. This led to limited or delayed extension 
of INR testing intervals for most F&MCW ACC patients. 
The objective of this study was to safely extend INR testing 
intervals, up to a maximum of 8-weeks, in clinically eligi-
ble patients. This was done by updating the CPA and nurse 
protocol and then providing staff with education on these 
updates. Education consisted of a presentation summariz-
ing the clinic’s approach to extending INRs and workflow 
changes followed by case-based practice questions. All staff 
were required to attend either an in-person or virtual educa-
tion session.
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Methods

The study was performed at a multisite, single enterprise 
anticoagulation service at F&MCW. Updates were made 
to the pharmacist CPA to optimize practice and allow INR 
testing interval extension up to a maximum of 8-weeks. 
The nurse protocol underwent updates but remained at a 
maximum testing interval of 6-weeks unless approved by 
the overseeing pharmacist to extend to 8-weeks. Protocol 
and CPA updates along with clinic team education was con-
sidered the study intervention. This pre-post observational 
cohort study analyzed data for 3 months prior to the inter-
vention (pre-), for 3-months post intervention (post-), and 
6-months post-intervention (post2). The second post-data 
collection point, or the post2, was approved by the research 
committee separately from the initial 3-month follow-up 
data collection to determine COVID-19 pandemic’s impact 
on the effects of the intervention. Patients served as their 
own control group. Descriptive statistics were used to sum-
marize characteristics of the study cohort. This study was 
deemed a quality improvement project by an independent 
local Institutional Review Board (IRB); therefore, this pro-
ject was exempt from IRB approval.

Selection and description of participants

This study analyzed outcomes from data reports pulled 
on December 2, 2019, March 2, 2020, and June 2, 2020. 
For each report, data were pulled from a single point of 
time; roughly 3 months prior to the intervention, 3-months 
post-intervention, and 6-months post-intervention (post2) 
(Fig. 1). Since the system’s electronic health record is set 
to compute TTR over a 3-month time range, this report-
ing interval was utilized to help prevent bias by preventing 
overlap of TTR from the pre- and post-intervention periods. 
Patients were eligible to be included if they were > 18 years 
old, managed by F&MCW ACC, on warfarin anticoagula-
tion therapy for at least three months, and managed with a 
standard INR goal range of 2–3 or 2.5–3.5. Patients were 
excluded if they had a Ventricular Assist Device (VAD) or 

self-testing meter since these patients perform more frequent 
INR testing, had a planned duration of warfarin of 6 months 
or less, or did not have at least one visit during the pre- and 
post-intervention periods. All other patients, even those not 
likely to be clinically appropriate for interval extension, were 
included.

Study outcomes

The study’s primary outcome was the change in duration 
between INR tests (INR testing interval) as calculated by the 
time between INR draw and recommended follow-up date 
in the overall study population measured before and after 
the study intervention. The most recent INR testing interval 
between INR draw and recommended follow-up date on the 
day the reports were run was used for each patient. Second-
ary outcomes included: TTR measured in the pre-, post- and 
post2 periods and comparison of INR testing interval based 
on visit type (i.e. office visit or telephone visit). In addi-
tion to reporting INR testing in number of days, a post hoc 
analysis was completed to compare INR extension based on 
grouped time intervals ranges.

Statistical analysis

Our statistical review determined that we would need at least 
1053 patients to detect the effect of at least 0.1 days between 
the average INR testing intervals pre- and post- intervention 
with 90% power.

Study variables were summarized by the mean, stand-
ard deviation, median, quartiles, and range for continuous 
variables and frequency and percentage for categorical vari-
ables. INR testing interval and TTR were each compared 
between pre- and post-intervention periods using a Wilcoxon 
signed-rank test. INR testing interval was compared between 
pre- and post-periods within each encounter type subgroup 
(office visits or telephone visits) using a Wilcoxon signed-
rank test; the differences in INR testing interval (post to 
pre, post-2 to post, post-2 to pre) was compared between 
encounter types using a Wilcoxon rank-sum test.

Fig. 1   Timeline of project. Shown is the timeline of project events 
including the pre-, post-, and post2-intervention time frames in rela-
tion to data collection time points and educational interventions. The 

sample size of participants from each time frame is included. A total 
of 3392 patients had data in all 3 time periods and were included in 
the analysis
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INR testing intervals were also categorized into 5 
groups: < 2, 2–3, 4–5, 6–7, and 8+ weeks. INR testing 
interval categories were compared between pre-, post- 
and post2-intervention periods using a nominal symme-
try test and a weighted Kappa test. Patients were further 
categorized as moving to a lower INR testing interval cat-
egory, moving to a higher INR testing interval category, 
or staying in the same category from the pre- and to post-
intervention periods; a sign test was used to test whether 
patients tended to stay in the same category or transition.

All statistical analyses were performed using R version 
3.6.0 (2019-04-26) (R Foundation for Statistical Comput-
ing, http://​www.R-​proje​ct.​org). All tests were two-sided 
and p < 0.05 was considered statistically significant. All 
analyses employed an “available-case” approach to miss-
ing data. No adjustments were made for multiple testing.

Results

Baseline characteristics

The extracted data includes 3926 patients in the pre-, 3849 
in the post-, and 3794 in the post2-intervention. Of these 
patients, a total of 3392 patients met criteria and had data 
in all 3 time periods and were included in the analysis. The 
study population had a mean age of 73.6 years and was com-
prised of slightly more female than male subjects, 56 and 
44% respectively (Table 1).

Primary outcome

The mean INR testing interval (SD) was 23.69 days (11.29) 
in the pre- and 25.58 days (13.91) in the post-intervention 
period. This resulted in a significant difference of 1.90 days 
(p < 0.001) from the pre- to post-intervention period (Fig. 2). 
The mean INR testing interval (SD) was 27.81 days (14.96) 
in the post2. A significant difference was also seen from the 
post- to post2 intervals of 2.23 days (p < 0.001) and in the 
pre- to post2- intervention of 4.12 days (p < 0.001).

Secondary outcomes

The mean TTR (SD) measured pre- and post-intervention 
showed no significant difference in pre- 70.11% (25.95) ver-
sus post-intervention of 69.76% (25.69) with a difference of 
− 0.35% (29.93) (p = 0.956). In the post2, the mean TTR 

Table 1   Baseline characteristic

Age (years)
 Mean (SD) 72.21 (13.63)
 Median [Q1, Q3] 73.63 [64.64, 82.15]
 Min, max 18.03, 101.93

Gender [n (%)]
 Male 1901 (56.0%)
 Female 1491 (44.0%)

Fig. 2   Primary outcome. The 
box and whisker plot demon-
strates the outcomes of INR 
intervals seen for the pre-, post-, 
and post2-intervention data col-
lection points

http://www.R-project.org
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(SD) was 68.82% (27.20). There was a non-significant dif-
ference in TTR between the post- and the post2 (p = 0.354) 
and from the pre- to post2 (p = 0.120).

Comparison of INR testing frequency based on visit type 
(office visit or telephone visit) revealed a significant increase 
in INR testing interval for each group post-intervention in 
individuals with available data. Office visits resulted in a 
mean INR testing interval (SD) of 28.54 days (10.44) in the 
pre- compared with 30.76 days (13.43) in the post-interven-
tion; a difference of 2.22 days (12.13) (p < 0.001). The mean 
INR testing interval was 34.13 days (13.82) for the office 
visits in the post2; a mean difference of 5.70 days (p < 0.001) 
compared to the pre-intervention period. While the INR test-
ing interval increased in both visit types, the office visit type 
resulted in a greater extension in mean INR testing interval 
in the pre to post2 than the telephone calls (5.70 vs. 3.64 
days, respectively) (Table 2).

Data on INR testing interval extension was broken down 
in a post hoc analysis to look at INR testing interval category 
change and showed that 41.5% of patients moved to a longer 
INR testing interval from pre- to post2 groups, while 36.4% 
stayed in the same interval category and 22.2% moved to a 
shorter interval category. The change in patients extending 
into the 8-week interval group was statistically significant, 
with 3 patients pre-, 236 patients post- and 357 patients 
post2 (p < 0.001).

Discussion

This study showed that pharmacist CPA and nurse protocol 
changes followed by staff education allowed for a signifi-
cant increase in the mean INR testing interval of 1.90 days 
(p < 0.001) from the pre- to the post-intervention and 4.12 
days (p < 0.001) from the pre- to post2. Time in therapeutic 
range was utilized as a surrogate safety measure and showed 
that an INR testing interval extension to 8-weeks was safe, 
as there was no significant decrease in overall population 
TTR. Thus, ACC was able to extend testing intervals while 
maintaining TTR, similar to recommendations provided by 
Chest Guidelines and other published literature. While the 

extension of INR testing intervals by this amount may not 
seem substantial, this change had significant impacts on 
workload in the clinic. With the mean change from 23.69 
days pre- to 27.81 days post2, there was an average of 2.28 
fewer tests per year per patient. Multiplied by the study 
population size of 3392 patients, this results in about 7733 
fewer tests managed by the clinic over the course of a year 
or about 30 fewer results each weekday.

The study had some limitations. First, INR is a measure-
ment that varies, as patients who undergo a procedure, have 
changes to their medications, or experience illnesses may 
experience out-of-range results [1, 3, 4]. This may cause low-
ering of overall TTR but would be independent of the change 
in TTR caused by extending INR testing intervals in a spe-
cific timeframe (i.e. 3 months) [4, 5]. It is difficult to con-
trol for these variables and is an inherent limitation of this 
study. Another limitation is that there were no data collected 
on the correlation between INR testing interval extension and 
the effect of bleeding and thrombotic events. The complex-
ity of warfarin dosing makes tracking and relating bleeding 
or thrombotic events to INR testing intervals difficult and is 
outside the scope of this study. Finally, the INR testing inter-
vals were calculated using the difference between the current 
INR test date and the recommended return date. This likely 
underestimates the actual INR testing interval as many patients 
returned to clinic later than the recommended date, especially 
during post2.

Despite the limitations, this study showed effectiveness 
and safety of an education intervention with changes to the 
pharmacist CPA and nurse protocol at the F&MCW ACC. 
Given the unexpected COVID-19 pandemic, pharmacists and 
nurses needed to continue to evaluate the INR testing interval 
weighing the possible risk of COVID exposure when getting 
INR tested with the risk of over extending the testing interval.

After successful completion of this study, the F&MCW 
ACC updated the nurse protocol to align with the pharma-
cist CPA to allow the 8-week testing interval. Other future 
directions may include considering guidance in ACCP Chest 
Guidelines to update the CPA to allow INR testing intervals 
up to 12-weeks.
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