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Warfarin is the most commonly prescribed oral anticoagulant in 
Indonesia. However, the time in the therapeutic range (TTR) remains low 
across different countries worldwide. This study aimed to analyze the 
challenges associated with achieving optimal warfarin control. The analysis 
consisted of two distinct stages. The first stage was a prospective 
observational study that aimed to analyze anticoagulation control, dosing 
consistency, INR monitoring compliance, medication adherence, and 
knowledge of warfarin. Meanwhile, in the second stage, focus group 
discussion was used to propose strategies for overcoming the challenges. The 
result showed that the average TTR was 49.4 ± 32.1, where only 37.5% of 
patients had values ≥ 65%. The average dosing consistency obtained was 
62.33 ± 32.42%. The majority of patients with supratherapeutic INR values 
required a 1-month monitoring interval after dose adjustment. Further 
analysis indicated that only 43.8% of patients were classified as adherent and 
39.5% had good knowledge of warfarin, suggesting the level of medication 
adherence and knowledge was not optimal. Approximately 14.6% of patients 
received other drugs that potentially interacted with warfarin, causing 
fluctuations in INR. In conclusion, this study found several challenges 
associated with achieving optimal warfarin control including barriers to 
dosing consistency, INR monitoring, medication adherence, and knowledge of 
warfarin, as well as drug interactions. The proposed solution is a holistic 
approach combining multifaceted strategies to address each barrier.  
Keywords: warfarin, low TTR, challenges, holistic approaches 
 

 
INTRODUCTION 

Warfarin is the most commonly prescribed 
anticoagulant for preventing stroke in patients 
with valvular and non-valvular atrial fibrillation 
(AF), heart valve disease, prosthetic heart valves, 
deep vein thrombosis, and other coagulation 
disorders (Nishimura et al., 2017). Despite the 
discovery of Novel Oral Anticoagulants (NOACs) 
with more predictable pharmacokinetic and 
pharmacodynamic properties, the American Heart 
Association (AHA)/American College of Cardiology 
(ACC) only recommends warfarin for patients with 

prosthetic heart valves, moderate to severe mitral 
stenosis, and valvular AF due to its proven safety 
and effectiveness (January et al., 2014; Nishimura 
et al., 2017). Furthermore, the substantial cost 
associated with NOACs has resulted in a majority of 
patients with non-valvular AF still relying on the 
use of warfarin. In Indonesia, the anticoagulant                
is presently the sole oral medication included                    
in the national formulary for preventing 
thromboembolism in AF, prosthetic heart valves, 
and valvular heart disease (Minister of Health of 
Indonesia, 2021). 
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The management of warfarin remains 
challenging primarily due to the suboptimal 
achievement measured by Time in the Therapeutic 
Range (TTR). The CHEST guidelines recommend a 
TTR of at least 65%, but a study on warfarin 
achievement in Indonesia reported suboptimal 
results. According to (Putriana et al. 2017), the 
percentage of patients whose International 
Normalized Ratio (INR) values reached the 
therapeutic range was only 52.5% of the 
population. A study by (Rahmatini et al. 2020) 
reported a lower rate of 28.9%. Another study 
found that only 26.12% of the population could 
reach TTR > 65% (Sekarsari et al., 2021). 
Furthermore, among hemodialyzed patients using 
warfarin, none achieved the expected target (Akbar 
et al., 2022). A previous study also showed that 
fewer than half of the patients had TTR ≥ 65%. 

Warfarin exhibits a narrow therapeutic 
index, making the safety and effectiveness of its 
therapy highly dependent on maintaining an INR 
range of 2.0 to 3.0. Additionally, this anticoagulant 
is subject to genetic polymorphisms, resulting in 
significant dose-response variability. It is also 
susceptible to the influence of vitamin K-rich diets 
and interacts extensively with various medications, 
necessitating regular monitoring of INR levels. 
These characteristics raise the possibility of 
suboptimal outcomes in the therapy. 

Many developed and developing countries 
have implemented specialized management 
programs aimed at enhancing the quality of 
warfarin therapy. These initiatives include the 
establishment of warfarin clinics, where 
pharmacists play a crucial role. Studies indicated 
that pharmacist-led warfarin clinics could 
effectively improve therapy outcomes. However, 
Indonesia lacks a comprehensive management 
approach, resulting in uncoordinated care. 
Sociodemographic and healthcare provider 
practices also differ among several countries. This 
study aimed to analyze the challenges associated 
with achieving optimal warfarin control from the 
perspectives of healthcare professionals, patients, 
and health policies, as well as develop strategies to 
overcome these challenges. This is the first study in 
Indonesia on this topic, and the results are crucial 
to developing standardized care for warfarin. 

 

MATERIALS AND METHODS 
Study Design and Location 

This study consisted of two stages, the first 
was   a   quantitative   analysis   aimed    to   identify  

challenges in achieving optimal warfarin control. A 
prospective observational approach was used and 
it was conducted for 3 months at one of the 
University Hospitals in East Java, Indonesia. 
Meanwhile, the second stage was a qualitative 
study (Focus Group Discussion/FGD) which aimed 
to propose a strategy to address the challenges. 

 
Population and Sample 
The first stage  

The samples consisted of patients diagnosed 
with AF, valvular heart disease, heart valve 
replacement, or deep vein thrombosis who were 
prescribed warfarin in January 2021. The inclusion 
criteria were patients 1) aged ≥ 18 years, 2) in the 
maintenance phase, and 3) willing to sign informed 
consent. Meanwhile, the exclusion criteria included 
1) patients who could not be accessed by phone and 
2) those with severe cancer, and kidney or liver 
disorders.  
The second stage  

Focus group discussion (FGD) was attended 
by 4 cardiologists, 4 clinical pharmacists, and 
hospital stakeholders who play a role in policy-
making. 

 
Anticoagulation Control  

The anticoagulation control was measured 
by TTR, a parameter used to assess the quality of 
warfarin therapy. The calculation was conducted 
with the Rosendaal method using the linear 
interpolation of INR values obtained over the last 3 
months, from January to March 2021 (Rosendaal et 
al., 1993). 

 

Dosing Consistency 
Algorithm-based dosing consistency was 

expressed as the average percentage (%) of all 
instructions consistent with the algorithm for each 
patient over 3 months. The dosing protocol was 
adapted from the guideline by VanSpall et al. with 
slight modifications (van Spall et al., 2012). These 
weekly dose changes included INR 2.0-3.0 (no dose 
changes), INR ≤ 1.5 (increased by 10%-20%), INR 
1.50-1.99 (increased by 10%), and INR 3.00-3.99 
(reduced by 10%). For INR 4.00-4.99, warfarin was 
stopped for 1 day and the weekly dose was reduced 
by 10%, while for INR 5.00-8.99, warfarin was 
stopped and 2-4 mg of vitamin K was considered. 
Finally, a dose 10%-20% lower was started when 
the INR was within the therapeutic range. This 
algorithm applied to compliant patients, while the 
non-compliant ones received no dose adjustments. 
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INR Monitoring Compliance 
INR monitoring compliance was determined 

by calculating the percentage consistent with the 
guidelines compared to the total number of tests. 
For patients with stable INR values of 2.0-3.0 in 
less than 6 months, the monitoring was considered 
consistent with the guidelines when performed at 
least once a month. However, for those stable in 
over 6 months, compliance required testing at least 
once every 3 months. Among patients with 
unstable INR values below 2.0 or above 3.0, the 
monitoring was considered consistent with the 
guidelines when performed at least once every 7-
14 days.  

 
Adherence to Medication 

The adherence of patients to medication  
was assessed by administering the ARMS 
questionnaire, a validated and reliable tool for 

calculating adherence in populations with               
chronic diseases (Kripalani et al., 2009). An ARMS 
score of 11 was defined as adherent, while those > 
11 were defined as non-adherent. The 
questionnaire has been confirmed to be valid and 
reliable. 

 
Knowledge of Warfarin  

The knowledge of warfarin among the 
patients was measured using a knowledge 
questionnaire consisting of 22 multiple-choice 
questions with one correct answer for each. The 
questionnaire was created by pharmacists and 
cardiologists. Correct and incorrect answers were 
scored 1 and 0, with a total score ranging from 0 to 
22. A minimum score of 16 was considered to 
represent good knowledge. The knowledge 
questionnaire has been tested for its validity and 
reliability. 

Table I. Sociodemography and Characteristics of Study Participants  
 

Sociodemographics and Characteristics N % 

Age (years)   
< 50 8 16.6% 

≥ 50 40 83.3% 
Gender   
Male 25 52.1% 

Female  23 48.9% 
Education Level   

Elementary School - 0% 
Junior School 6 12.5% 
High School 28 58.3% 

Diploma 1 2.1% 
Bachelor or above 13 27.1% 
Indication for Warfarin   

Non-valvular atrial fibrillation 27 56.2% 
Valvular atrial fibrillation 12 25.0% 
Valvular atrial fibrilation + embolic stroke 2 4.2% 

Prosthetic heart valves 2 4.2% 
Mitral stenosis 2 4.2% 

Others 5 10.5% 
Quantity of other drugs (average) 4.6 ± 1.8  
Warfarin Duration of Warfarin Therapy   

< 1 year 12 25,0% 
≥ 1 year 36 75.0% 
Bleeding and Thromboembolic Events   

Gum bleeding 3 6.2% 
Nosebleed 1 2.1% 

Bruises 3 6.2% 
Thromboembolic 0 0.0% 
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Statistical Analysis 
Descriptive analysis was used to describe 

TTR results, dosing consistency, INR monitoring, 
adherence to medication, and knowledge of 
warfarin. Linear regression analysis was utilized to 
test the correlation between dosing consistency 
and TTR. The difference in the percentage of 
adherent patients, as well as those having good 
knowledge in the TTR < 65% and ≥ 65% groups, 
was determined with the Chi-square test. All 
statistical analyses were conducted with the JASP 
software. 

 
Ethics Statement 

The methodology of this study was approved 
by the Ethics Committee of the Health Research of 
Airlangga University Hospital Surabaya with 
number 119/KEP/2020. All patients were asked 
for informed consent to participate as respondents. 

 

RESULTS AND DISCUSSION 
A total of 48 patients participated in this 

study, and the sociodemographic characteristics 
(Table I). The most common indication for warfarin 
was non-valvular and valvular AF at 56.2% and 
25.0%, respectively. The majority were over 50 
years old, accounting for 83.3% of the sample. This 
result was consistent with other studies that 
reported an increased prevalence of AF with age, 
namely from 0.12%-0.16% in individuals younger 
than 49 years, 1.7%-4.0% in those aged 60-70 
years, and 13.5%-17.8% among others above 80 
years (Kavousi, 2020). Meanwhile, the percentage 
of males (52.1%) and females (48.9%) gender was 
almost equal. This was consistent with the study by 
Magnussen et al. (2017), where cases of AF were 
less common in females than in males (Magnussen 
et al., 2017). The average number of other drugs 
received was 4.6 ± 1.8, and 75.0% of the patients 
had been using warfarin for more than 1 year. 
Approximately 14.5% observed minor adverse 
events during the 3-month study period, but none 
experienced major bleeding or thromboembolism.  

 

Anticoagulation Control 
Anticoagulation control was calculated 

using the TTR parameter based on the INR in the 
last 3 months. The average TTR of the patients was 
49.4 ± 32.1, where 37.5% and 62.5% had values ≥ 
65% and < 65%, respectively (Table II). These 
results indicated that the quality of warfarin 
therapy achievement was sub-optimal considering 
the  CHEST  guideline  specifically  recommended a  

minimum TTR of 65% (Lip et al., 2018). The values 
obtained were almost the same as the results 
reported by another study conducted in Indonesia 
(Sekarsari et al., 2021) 
 

Table II. Description of TTR  
 

TTR N % 

≥65% 18 37.5% 
< 65% 30 62.5% 
Mean  49.4 ± 32.1 
 

The data from the ROCKET AF study showed 
differences in the average TTR among various 
countries, including India, developing countries in 
East Asia, and Europe with values of 29%, 49%, and 
70%. The differences were attributed to the 
varying levels of aggressiveness in achieving the 
INR point target of 2.5, variation in support systems 
to manage warfarin, and different regional barriers 
to frequent monitoring and dose adjustment 
(Singer et al., 2013). Another study showed that 
sites with pharmacist-led warfarin clinics recorded 
a fairly good TTR (Noor et al., 2021; Alghadeeer S 
et al., 2020; Wang et al., 2021). 

 

Dosing Consistency Challenges 
The dosing of warfarin during the initiation 

and maintenance phase must follow a specific 
algorithm. Several studies showed that consistent 
dosing based on algorithms affected the 
achievement of warfarin therapy. For example, van 
Spall et al. (2012) reported that this approach 
served as a strong predictor of TTR, predicting 65% 
of the variation. Other studies also found similar 
results, where higher consistency in dosing 
increased the chances of INR within the therapeutic 
range (Kim et al., 2010; Wilson et al., 2022). Linear 
regression analysis was used to test the correlation 
between dosing consistency and TTR. The average 
value obtained was 62.33 ± 32.42%, indicating 
suboptimal dosing consistency. Furthermore, the 
results showed an adjusted R2 of 0.467 meaning 
that 46.7% of the TTR variable was determined by 
the dosing consistency variable. 

This study examined dose adjustment 
deviations observed among patients with (1) 
subtherapeutic INR levels but no reported dosing 
increment, or cases where the dosing increment 
exceeded the recommended range (2) INR within 
the therapeutic range and also experienced dosing 
increment (3) supratherapeutic levels and 
excessive dose reduction. 
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Figure 1. Scatterplot TTR vs. Dosing Consistency 
 

The first identified cause of deviation was 
the lack of a detailed dosing protocol in the 
institution where this study was conducted, 
resulting in wide and non-uniform dosage 
adjustment variations. The second cause was the 
absence of a decision support tool that can facilitate 
dose adjustment, such as computer-based dosing. 
According to several studies, the use of computer-
based dosing may increase TTR (Dimberg et al. 
2012; Woller et al. 2015). The third cause was the 
limited awareness that patient non-adherence was 
a contributing factor to the failure to achieve the 
target INR, resulting in unnecessary dosing 
increment.  

The proposed strategy was to conduct a 
critical review of algorithm-based dosing and 
develop guidelines disseminated to healthcare 
professionals responsible for the care of warfarin 
patients, with subsequent implementation. The use 
of dosing tools such as paper-based or software 
programs can also facilitate dose adjustment 
calculations. The guidelines were not intended to 
replace clinical justification, but to increase 
standardization and support clinical decision-
making. Efforts to integrate evidence-based dosing 
into daily practice were critical to achieving good 
warfarin management. This was in line with 
recommendations from the US Department of 
Health and Human Services (USDHHS), and the 
Joint Commission (TJC) (USDHHS, 2014; TJC, 
2017). Additionally, fostering collaboration 
between clinicians and pharmacists was deemed 
crucial. Pharmacists could actively assess the 
adherence of patients, providing necessary 
information to support dosage adjustment 
decisions. To ensure timely communication, a 
centralized warfarin service with collaboration 
between clinicians and pharmacists might be a 
more effective solution than having both 
professionals in separate locations. Establishing a 

collaborative anticoagulant clinic was deemed 
more appropriate for Indonesia than autonomous 
ones such as those in developed countries. 

 
INR Monitoring Challenge 

The challenge identified in this study was 
that almost all patients with INR values outside the 
therapeutic range (92 INR tests) during the 
maintenance phase had their monitoring interval 
set to 1 month after the dose adjustment. According 
to a previous study, INR monitoring should be 
conducted every 7-14 days after dose adjustment 
until the value falls within the therapeutic range. 
Patients who underwent dose adjustments in that 
timeframe achieved the therapeutic range faster 
(Rose et al., 2011). 

The underlying problems contributing to 
this challenge included (1) the high cost of INR 
testing using traditional laboratory methods, (2) 
the absence of locally agreed-upon monitoring 
protocols disseminated to relevant healthcare 
professionals, and (3) the refusal of patients to visit 
the hospital more frequently due to transportation 
costs, and the need for additional time off work. 
Typically, patients require 2 days, with the first day 
for INR examination in the laboratory and the 
second day for receiving results and consulting 
with the doctor.  

To address these issues, the proposed 
strategy in FGD was to create INR monitoring 
guidelines and distribute to relevant healthcare 
professionals. Additionally, it was suggested to 
centralize anticoagulant services using point-of-
care testing, except for those with supratherapeutic 
INR. This approach would enable patients to check 
their results and consult with the doctors on the 
same day. Numerous studies have shown that 
point-of-care testing provides valid results 
comparable to laboratory examination, except for 
supratherapeutic INR values (Bhat et al. 2020; 
Vazquez et al., 2017). Moreover, intensive 
education can be provided on the significance of 
more frequent INR monitoring in subtherapeutic or 
supratherapeutic conditions to understand the 
importance of dose adjustment. 

 
Compliance and Knowledge Challenges 

Patients with good knowledge and 
compliance tend to have better anticoagulant 
control (Chen et al., 2013; Sevilla-Cazes et al., 2017; 
Balkhi et al., 2018).  

The 43.8% and 56.2% of the patients were 
categorized as compliant and non-compliant 
respectively (Table III). Based on the Chi-square 
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test, the percentage of patients who were 
compliant in the TTR group ≥ 65% was significantly 
higher than the < 65% group (p=0.001). Warfarin 
was considered a high-risk drug due to its 
effectiveness and safety being dependent on a 
narrow range of INR. Therefore, compliance is a 
critical factor to maintain patients within their 
therapeutic range (Ageno et al., 2012). 
 

Table III. Description of Compliance Among 
Patients 
 

Level of Compliance Percentage (%) 

Compliant 43.8% 

Non-compliant 56.2% 
 

The reasons for non-compliance included 
(1) forgetting to take medication, (2) missing 
appointments due to work, (3) self-adjusting dose, 
usually because patients felt the dose received was 
very high (patients were afraid and did not 
understand dose adjustment according to the INR 
value), and (4) refusing to take medication due to 
the absence of symptoms, or poor understanding of 
the therapy objective. These observations 
suggested the need for an educational strategy to 
improve the compliance of patients in taking their 
medication. This was consistent with a study by 
Wang et al. (2014), which reported warfarin 
compliance of 34.5%, with only 39.1% of patients 
achieving optimal TTR control (Wang et al., 2014). 
According to other studies in Korea and China, only 
27.0% and 32.3% of patients were compliant with 
warfarin treatment, respectively (Kim et al., 2010; 
Zhao et al., 2017).  

Several studies showed that the knowledge 
levels of patients regarding warfarin were related 
to the outcome of therapy (Hanssens and Kheir, 
2010; Matalqah et al., 2013; Al-Saikhan et al., 2018; 
Li et al., 2018). In this study, 39.5% and 60.5% of 
patients were found to have good and poor 
knowledge, respectively. The Chi-square test 
indicated that the percentage of patients with good 
knowledge was significantly higher in the TTR ≥ 
65% than in the < 65% group (p=0.021). The areas 
of low knowledge were (1) monitoring INR when 
the target was not achieved, (2) interaction with 
diet, (3) the importance of informing the 
doctor/pharmacist when taking the new 
medication, (4) interaction with herbal remedies, 
(5) therapy targets, (6) the impact of not taking 
medication, (7) the purpose of therapy, and (8) 
how to manage missed doses. The results were 
consistent with studies conducted in other 

countries, where the areas of lowest knowledge 
included warfarin interaction with other drugs, the 
importance of maintaining dietary consistency, and 
the management of missed doses (Hanssens & 
Kheir, 2010; Smith et al., 2010; van Damme et al., 
2011; Wang et al., 2014; Al-Saikhan et al., 2018). 

Adequate knowledge is required to improve 
medication adherence, maintain consistent diets 
containing vitamin K, and avoid over-the-counter 
(OTC) drugs, supplements, or herbs interacting 
with warfarin. Moreover, patients are expected to 
actively inform healthcare providers about their 
ongoing therapy when receiving medications from 
doctors to avoid any potential drug interactions.  

As a complex drug, warfarin therapy 
requires the provision of comprehensive education 
to patients in various areas. However, the existing 
education components do not include all the 
necessary areas for safe and effective use. The 
method predominantly utilized relied on verbal 
communication, which was less appealing and 
resulted in low retention. As a solution, a 
standardized education protocol was proposed, 
covering all the essential knowledge areas needed 
to properly use warfarin. The creation of a protocol 
was deemed necessary to ensure patients received 
consistent educational materials. Additionally, 
more engaging media are needed such as 
audiovisual materials, to enhance interest and 
comprehension. Several studies have shown that 
standardized education can increase TTR 
(Clarkesmith et al. 2013)  

 
Drug-Drug Interactions Challenges 

Based on the results, 14.6% of patients 
received other drugs that potentially interacted 
with warfarin, including amiodarone, 
azithromycin, rifampicin, and ciprofloxacin. The 
concomitant use of multiple medications impacted 
the INR, resulting in fluctuating, subtherapeutic, 
and supratherapeutic values. However, no major 
bleeding incidence was observed as a consequence 
of this drug interaction. Patients receiving 
rifampicin needed frequent dose increments to 
achieve therapeutic INR, as also reported by a 
previous study (Yang et al., 2021). Meanwhile, 
others receiving amiodarone required frequent 
monitoring and dosing reduction due to increased 
INR (Sanoski et al., 2002, Holm et al., 2017). The 
strategies proposed to minimize these challenges 
included 1) more frequent monitoring for patients 
receiving other drugs interacting with warfarin. 
Several publications recommend monitoring at 
specific time intervals depending on the type of 
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drug (Sanoski et al., 2002, Holm et al., 2017, Lane et 
al., 2014). INR monitoring at these specific times is 
crucial for dose adjustments to avoid 
supratherapeutic and subtherapeutic conditions. 
This was also a challenging task due to the cost 
required for testing and the willingness of patients 
to visit the hospital. 2) There is an urgent need to 
prepare local guidelines for the management of 
drug interactions and distribute to all concerned 
health workers. The availability of these guidelines 
is expected to facilitate the implementation by 
healthcare providers. This will promote a more 
standardized approach to treatment for each 
patient. 3) Comprehensive reconciliation is needed 
regarding other drugs/supplements/herbs 
consumed by patients from other polyclinics and 
those purchased on a self-medication basis. This 
would help ensure that no critical information is 
missing and facilitate appropriate management of 
potential interaction. 4) The drug interaction 
component should be explained more intensively 
in patient education materials. 

 

CONCLUSION 
In conclusion, various challenges were found 

to be associated with achieving optimal warfarin 
control. These included dosing consistency, INR 
monitoring, medication adherence, and knowledge 
of warfarin among patients, as well as drug 
interactions. Several important strategies were 
also proposed to address these challenges. A 
holistic and systematic approach combining 
various solutions may prove to be the most 
appropriate way forward. This includes developing 
validated algorithm dosing protocols, using 
adjustment tools, establishing INR monitoring 
protocols, utilizing point-of-care testing, and 
centralizing anticoagulant services in one location 
to enhance collaboration between healthcare 
professionals. Additionally, creating standardized 
and engaging educational materials to improve 
knowledge and adherence, as well as providing 
training to all healthcare professionals may be 
necessary steps to improve the management of 
anticoagulation therapy.  
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