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Introduction

Warfarin is the main oral anticoagulant effective for the prevention 
of stroke in patients with atrial fibrillation, and for the prevention 
and treatment of venous thromboembolism. It has a narrow thera-
peutic window of effectiveness and safety, which may lead to under-
use. Accordingly, dose adjustments are mandatory for its effective 
and safe treatment, which depends on the time spent in the therapeu-
tic International Normalized Ratio (INR) range (TTR). Hence, TTR 
is a key determinant of outcomes for patients receiving anticoagula-
tion with warfarin.1 It is well known that lower rates of TTR in war-
farin patients leads to an increased risk of bleeding or thromboem-
bolic complications.2 Many studies have reported on the accuracy 
and precision of point-of-care (POC) devices when used by patients 
for INR monitoring on warfarin anticoagulation,3-5 as well as their 
good correlations with conventional plasma INR measurements with-
in therapeutic ranges.6-9 Previous studies have indicated that a patient 
self-testing model may be superior to usual care or an anticoagula-
tion clinic model in the quality of INR control.10 Recently, there has 
been increasing demand for high-quality warfarin management in 
Korea. Nevertheless, no domestic data have been reported on warfa-
rin anticoagulation management using a patient self-testing (PST) 
model. Here, we describe our experiences with warfarin manage-
ment using a PST model where the warfarin dose was adjusted by 

the anticoagulation clinic staff on the basis of a validated algorithm 
with the INR values self-tested by patients at home using capillary 
blood on the POC device CoaguChek-XS (Roche Diagnostics, Mann-
heim, Germany).

Methods

This study was approved by the Soonchunhyang University Seoul 
Hospital Institutional Review Board. Data were collected retrospec-
tively from 13 outpatients who had been anti-coagulated with war-
farin from January 1, 2010 to May 30, 2011. TTR was considered as 
the primary outcome and was calculated using a modification of the 
Rosendaal’s linear interpolation method.11 This method assumes that 
there is a linear relationship between two consecutive INR results 
and determines the proportion of time for which the INR is below, 
within or above the therapeutic range. Thromboembolic or bleeding 
complications were considered secondary outcomes in the present 
investigation.12 Inclusion criteria were as follows: 1) patients in need 
of anticoagulant therapy for at least 6 months; 2) patients who had 
limited access to clinical services due to distance; 3) patients who 
could not move freely; 4) patients who understood the importance 
of anticoagulant control; or 5) patients who (or whose guardians) 
understood and could safely perform POC INR tests. Patients with 
indications for oral anticoagulation therapy were instructed on the 
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Table 1. Baseline characteristics of the patients (n=13)

Characteristics

Male, n (%) 5 (38)
Age, median (range) 71 (28-84)
Indication of warfarin, n (%)
   Atrial fibrillation
   Venous thromboembolism (PE or DVT)

3 (23)
10 (77)

Duration of treatment, median months (range) 9 (3-20)
Co-morbid condition (n)
   Active malignancy (within 6 months)
   Chronic obstructive pulmonary disease
   Congestive heart failure
   Cerebrovascular accident or transient ischemic attack
   Ischemic heart disease
   Renal insufficiency (GFR < 30 mL/min)

1
2
1
4
1
2

n, number; PE, pulmonary embolism; DVT,deep vein thrombosis; GFR, Glomer-
ular filtration rate.
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Fig. 1. International normalized ratio (INR) histogram for patients on warfarin. 
Mean interval between INR checks is 14.2 ± 5.1 days.

Fig. 2. Individual TTR in patients on warfarin. TTR was calculated using a modi-
fication of the Rosendaal’s linear interpolation method.
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benefits and risks of warfarin, the importance of warfarin dose ad-
justments, warfarin precautions, and potential interactions between 
warfarin and foods or other drugs. Patients were instructed on how 
to perform POC INR self-tests. The INR values obtained by POC 
INR self-testing at home were sent to the anticoagulation clinic by 
telephone and the patients were informed of their warfarin dosage 
changes and next scheduled INR test date by the anticoagulation 
clinical staff. Warfarin dose-adjustment and INR determination 
were performed according to the recommendations of the warfarin 
dosage-adjustment algorithm introduced in the previous study.13 
The warfarin dosage-adjustment algorithm is designed for use in 
patients already stabilized on warfarin, and takes into account the 
patients’ most recent INR results and the previous weekly warfarin 
dose prescription. Briefly, the algorithm recommends no dose 
change when the INR is in the therapeutic range, a 10% adjustment 
in the weekly dose of warfarin when two consecutive INR results 
are out of range by no more than 0.5 units below or 1.0 unit above 
the therapeutic INR range, and a 10-20% adjustment in the weekly 
dose of warfarin when the deviation from the therapeutic INR range 
is more extreme. For very high INRs, warfarin is held and/or vita-
min K is administered as appropriate.

Results

In the present study, enrolled patients consisted of 5 males and 8 fe-
males aged 28-84 (mean age 67). Venous thromboembolism and 
atrial fibrillation were the indications for warfarin, accounting for 
10 and 3 of the patients, respectively. Patients were followed for a 
period of 3-20 months. They had comorbid conditions such as chron-
ic obstructive pulmonary disease, congestive heart failure, cerebro-
vascular accident, ischemic heart disease and renal insufficiency 
(Table 1). During the study period, the total number of INR mea-
surements was 271 and the total number of evaluated patient days 
was 3,512. The average INR follow-up interval per patient was 14.2 
±5.1 days. Individual patient TTR ranged from 35.0-92.3% (mean 
±SD, 64.5±19.4), while the mean percentage TTR was 67.0% (Fig. 
1 and 2). Neither recurrent venous thromboembolism nor bleeding 
complications were noted. There was one case of mortality due to 
advanced gastric cancer that was diagnosed during warfarin treat-
ment.

Discussion

There have been several evolving models that argue against usual 
care for warfarin anticoagulation management, including PST, pa-
tient self-management, anticoagulation clinic, and computerized dose 
adjustments models.14 These models have been proven to signifi-
cantly improve TTR as compared to usual care.15,16 In the current 
study, when we applied the PST model to warfarin management, 
the patients achieved a mean TTR of 67.0%. This result is compara-
ble to the TTR range of 55-70% usually achieved by patients in the 
PST model in previous reports.1 Consistent with the previous re-
port,17 our study results showed that well-trained patients could ob-
tain their INRs by self-testing. We concluded that PST model is con-
sidered to be a promising tool for maintaining adequate TTR. PST 
of anticoagulation is primarily based on the premise that more fre-
quent testing will lead to tighter anticoagulation control and thus 
improved clinical outcomes.12 Frequent monitoring is required to 
maintain patients in the therapeutic window. It has been demonstrat-
ed that 77-85% of patients can be expected to remain in their target 
range if monitoring of INR occurs weekly, and up to 92% can re-
main in their target range if monitored every 3 days.18
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 Due to individual variations of TTR ranging from 35.0 to 92.3%, 
we evaluated the patients’ compliance with warfarin therapy to as-
sess whether there were associations between compliance and the 
unexpectedly wide fluctuations in INRs. There was no causal rela-
tionship between compliance (compliance, %: 70.6±16.9 [mean±  
SD], 45.5-92.0 [range]) and TTR, suggesting that a number of fac-
tors such as co-morbid conditions, poor compliance, alcohol, drug 
interactions, variable dietary intake, inadequate education about war-
farin therapy, and miscommunication between the patient and anti-
coagulation clinic staff could affect INR control in warfarin patients. 
The percentages of INR values in the sub-therapeutic (<2.0) and 
supra-therapeutic (>3.0) ranges were 20.4% and 12.6%, respec-
tively, in this study, suggesting that warfarin treatment was under-
prescribed. In older patients, unstable anticoagulation control and 
monitoring problems may cause drug safety concerns and lead to 
under-prescription. The risk of life-threatening bleeding complica-
tions, including subdural hematoma and intracranial hemorrhage, is 
increased in those with unstable anticoagulation control.19 
 There are some barriers to the PST model of warfarin manage-
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ment, including a lack of physician awareness, the fear of unintend-
ed self-management, and the expense and education needed to im-
plement PST. Under such circumstances, PST is currently not well-
established in Korea, despite the availability of POC INR devices 
that have been demonstrated to be accurate and reliable. Above all, 
adequate patient education and training is essential to the success of 
patient self-testing. In recent studies, it has been stressed that patient 
education is essential in improving patient knowledge regarding the 
importance of warfarin therapy, and in turn, improving compliance, 
all of which lead to optimal anticoagulation control.20,21 In conclu-
sion, the present study is the first report on warfarin management 
using the PST model in Korea and suggests that PST is a feasible, 
accurate, and promising tool for maintaining adequate TTR. Further 
study with a larger number of patients is warranted to develop opti-
mal warfarin management strategies in Korea.
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