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Review of Anticoagulation Therapies in Atrial Fibrillation 
The following submission to the Review of Anticoagulation Therapies in Atrial Fibrillation is 

divided into two Sections. Section 1 addresses current stroke prevention treatment in 

patients with AF with warfarin and seeks to characterise and quantify subgroups of such 

patients according to whether or not they receive adequate anticoagulant therapy. Section 2 

presents a systematic review of various warfarin management programs that have been 

used to improve warfarin therapy and summarises the evidence available to show how 

effective these programs are.  

 

1. Characterising AF patients considered for anticoagulant therapy 
1.1. Disadvantages of oral anticoagulants and evidence of under-treatment 

around the world 
The principal agents currently used for stroke prevention in AF (SPAF) patients are oral 

anticoagulants, such as warfarin, and antiplatelet agents such as aspirin. Warfarin is the 

most widely used oral anticoagulant (OAC) for SPAF and prevents blood coagulation by 

inhibiting an enzyme that recycles vitamin K to its active form after it has been involved in 

the carboxylation of factors II, VII, IX and X in the coagulation cascade (Ansell et al 2004). 

Hence, warfarin and other coumarins are known as vitamin K antagonists (VKA). Since the 

late 1980s a number of clinical trials have demonstrated the effectiveness of VKAs for SPAF 

(Hart et al 2007) and have since had an established role in this indication. However, VKAs 

have a number of disadvantages that make patient management challenging. The limitations 

of VKAs alongside aspirin are outlined in Table 1-1.  

 
Table 1-1: Limitations of currently available treatments for SPAF 

Treatment Limitation Comment 
Warfarin Narrow therapeutic window The range between a dose that produces benefits and a dose that is 

potentially harmful is small  
Inter-patient variability in 
anticoagulant activity / Need 
for constant monitoring 

Regular blood tests and dose adjustments are necessary to maintain the 
level of anticoagulant activity within the target range. This is inconvenient 
and time-consuming and can be particularly difficult for the elderly 
patient. 
Dosing problems can arise due to non-adherence by the patient and 
miscommunication between the patient and physician 

Drug and food interactions A balance between the warfarin dose and the amount of vitamin K in the 
body is necessary and can be difficult for both the AF patient and the 
physician to manage. 
Dietary vitamin K, for example from green leafy vegetables, can affect 
the amount of warfarin needed to maintain the INR. 
Several commonly used drugs increase the anticoagulant activity of 
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Treatment Limitation Comment 
warfarin either by reducing its metabolism or reducing vitamin K levels.  
These include certain antibiotics (erythromycin, ciprofloxacin and 
metronidazole) cimetidine, omeprazole and amiodarone (of particular 
significance since it is frequently used in the management of AF 
patients).   
The activity of warfarin can be reduced by certain drugs including 
barbiturates and carbamazepine.  
These drug interactions may result in the patient experiencing serious 
side effects e.g. bleeding if the level of warfarin is too high or an 
increased risk of stroke if the level of warfarin is too low. 

Aspirin Efficacy / Mechanism of 
action 

Aspirin is of only moderate efficacy and is significantly less effective than 
OACs. Aspirin is an antiplatelet agent not an anticoagulant.  

 Adverse events Aspirin is associated with bleeding events, mainly GI (Camm et al 2010). 
 

Although guidelines recommend use of aspirin only for lower risk patients, in practice it is 

also used in high risk patients possibly due to concerns about risks of haemorrhage and 

limitations of VKAs. Two recent studies have shown the potential benefits of OACs over 

aspirin (Rash et al 2007, Mant et al 2007) and questions have arisen as to the actual 

benefits of aspirin even in low risk patients. A study of 871 low risk patients in Japan was 

stopped because the rates of the primary endpoint (cardiovascular death stroke or transient 

ischaemic attack (TIA)) were not markedly lower with aspirin than in the untreated control 

group, and a higher rate of major bleeds was found in the aspirin group (Sato et al 2006).  

 

Guidelines for SPAF have been developed to encourage best practice and a systematic 

approach to treatment among physicians, with the intention of achieving the best outcome 

for the AF patient. Among the most current are those of the European Society of Cardiology 

(ESC) 2010, the AHA and American Stroke Association (ASA) (2010/11) (Camm et al 2010; 

Goldstein et al 2011). Earlier major and influential international guidelines were those of the 

ACCP (8th edition) published in 2008 and the joint guidelines of the ACC, AHA and 

European Society of Cardiology (ACC/AHA/ESC), from 2006 (Fuster et al 2006; Singer et al 

2008); an update of specific sections of the ACC/AHA guideline was published in 2011 

(Wann et al 2011).  

 

The most recent guidelines from the American College of Chest Physicians (ACCP 

Evidence-Based Clinical Practice Guidelines, 9th ed.) recommend an OAC in AF patients 

with any additional risk factor for stroke, where there is no contraindication (Guyatt et al 

2012). This is represented by a CHADS2 score of 1 or more, where CHADS2 is an 

assessment score for the risk of stroke in patients with atrial fibrillation incorporating the 

following risk factors: Congestive heart failure, Hypertension, Age, Diabetes and history of 
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Stroke (ischemic or unknown type) or TIA. CHADS2 score ranges from 0 (1.9% per year risk 

of stroke without anticoagulation therapy) to 6 (18.2 % per year risk) and is based upon 

assignment of points for each of the following: 1 point each for the presence of congestive 

heart failure, hypertension, age 75 years or older, and diabetes mellitus and 2 points for 

history of stroke or TIA. These recent guidelines recommend a target INR of 2.0−3.0 for 

those who receive a VKA. In individuals at moderate risk of stroke (AHA/ASA) an OAC is 

preferred. Although an antiplatelet agent (usually aspirin) is an option in such patients, it is 

not presented as a recommended alternative as in the older guidelines.  

 

Despite the existence of guidelines for anticoagulant therapy in atrial fibrillation (AF), a high 

proportion of patients with AF who should be eligible for oral anticoagulation do not receive 

VKAs according to guideline recommendations. As mentioned above, VKAs are associated 

with several disadvantages, including demonstrating a narrow therapeutic window, 

requirement for regular monitoring of blood anticoagulation parameters (INR) and a range of 

drug and food interactions which complicate the maintenance of optimal anticoagulant 

activity. Concern about such issues may contribute to the underuse of OACs, with the result 

that many patients at high risk of stroke receive antiplatelet therapy, even where the 

guidelines recommend OACs. Concern about bleeding and particularly a risk of intracranial 

haemorrhage is another factor that influences the choice of treatment.  

 

The following section reviews the evidence of under-prescribing of oral anticoagulants 

(OACs) even in patients at the highest risk of stroke. Data from around the world suggests 

that VKAs are extensively underused:  

• A systematic review of studies in AF patients found that around 50% of eligible AF 
patients do not receive VKAs  

• Studies in Europe in general practice demonstrate between 25% and 50% of AF 
patients eligible for OACs according to current guidelines actually receive them. 

 

A systematic review of 98 papers compared current treatment practices for SPAF with 

current guidelines (Friberg et al 2006). The percentage of AF patients eligible for OAC due to 

elevated risk stroke was compared with those who actually received treatment. Under-

treatment was defined as less than 70% of eligible AF patients receiving treatment (Friberg 

et al 2006). The majority of the 54 studies where risk levels for stroke was reported showed 

underuse of OACs. Among 29 studies of patients with a history of stroke or TIA, who would 

be eligible for OACs under the then current published treatment guidelines, 25 studies 

showed under-treatment. In the majority of these studies (21 of 29) fewer than 60% of 
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eligible patients received OACs (Figure 1-1). Additionally, in around half of the studies (15 of 

29) fewer than 50% of eligible patients received OACs (Frost et al 2002).  

 
Figure 1-1: Patients with atrial fibrillation and prior stroke/TIA : OAC treatment levels as a 

proportion of patients eligible for OAC therapy (Frost et al 2002) 

 
 

The CHADS2 stroke risk stratification score was used in 9 of the 54 studies to identify AF 

patients at high risk of stroke, i.e. with a CHADS2 score ≥2. OAC therapy was sub-optimal 

(<70% of eligible AF patients receiving OACs) in all but two of these studies. Indeed, in the 

majority of these studies (5 of 9) treatment levels were below 60% (Figure 1-2) (Frost et al 

2002). However, in all 9 studies OAC usage increased with increasing CHADS2 score with 

41-100% of patients with a CHAD2 score greater than 4 receiving OACs.  
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Figure 1-2: Patients with AF at high risk of stroke (CHADS2 score): OAC treatment levels as a 
proportion of patients eligible for therapy (Frost et al 2002) 

 
 

A comprehensive survey of the use of antithrombotic prophylaxis in AF patients, the 

European Heart Survey, involved 5,333 patients from cardiology practices in 35 European 

countries (Friberg et al 2006). In this study, 86% of patients had one or more risk factors for 

stroke and were eligible under the AHA/ACC/ESC criteria for OACs, but only 67% of these 

received OACs (including around 5% who received both OACs and antiplatelet agents) while 

most of the remainder received antiplatelet agents. In contrast to the under-treatment of 

some patients eligible for OACs, 47% of patients who were not eligible for OACs actually 

received them (Friberg et al 2006).  

 

The European Heart Survey showed that prescriptions of antithrombotic drugs did not 

always correspond to patients’ stroke risk profile. The study, which compared prescriptions 

of antithrombotics with risk stratification according to four different risk schemes 

(ACC/AHA/ESC 2001 guidelines, CHADS2 score, Framingham score, and the ACCP 2001 

Guidelines), found that although prescription of OAC therapy did increase with worsening 

stroke risk for all four stratification schemes, only some risk factors positively influenced 

OAC prescription (Garcia-Garcia et al 2005). Valvular heart disease and diabetes were 

associated with OAC prescription while prior stroke or TIA, hypertension, age >75 years and 
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coronary heart disease were not (Garcia-Garcia et al 2005). The study also found that 

although patients with paroxysmal AF had a comparable risk for thromboembolic events to 

patients with permanent or persistent AF, fewer paroxysmal AF patients at high risk of stroke 

received an OAC (Garcia-Garcia et al 2005).  

 

Underutilisation of OACs in clinical practice was also demonstrated using data from 400 

Italian primary care physicians (Health Search/Thales Database). In the study period (2001 

to 2005) amongst 5,420 new patients with AF, 26.6% were prescribed an OAC, 30.7% 

received an antiplatelet agent and 5.5% received both, but 37.2% received no antithrombotic 

treatment (Chien et al 2008).  

 

This study also found that prescription of OACs did not correspond to the number of stroke 

risk factors in the CHADS2 risk classification (see Figure 1-3). Only 23–27% of patients in 

any CHADS2 risk category received OAC alone, with a further 5–7% receiving an OAC plus 

an AP. Even in the highest risk category, 31% of patients did not receive any antithrombotic 

drug (Chien et al 2008). However, antiplatelet, but not OAC, use significantly increased (p < 

0.0001) with a worsening stroke risk as determined by CHADS2 risk score: score 0 – 20.8%, 

score 1 – 31.7%; score 2 – 35.9%; score 3 – 39.4%; score ≥ 4 – 39.3% (Chien et al 2008).  

 

A number of factors influenced the likelihood that patients would be prescribed an 

antithrombotic (Chien et al 2008): 

• The date of diagnosis – patients diagnosed in 2004 were more likely to be treated than 

those diagnosed in 2001 

• Concurrent heart valve disease, congestive heart failure and bone fracture were 

associated with an increased likelihood of OAC use. In contrast hypertension and peptic 

ulcer were associated with a decreased likelihood of OAC use. 

• Antihypertensive drugs and lipid-lowering agents were positively associated with OAC 

use 

• Elderly patients, 85 years of age or over, had an increased probability of receiving an AP 

agent, but not an OAC.  
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Figure 1-3: Italian primary care study – antithrombotic drug prescription per risk category 
according to the CHADS2 score (Chien et al 2008) 

 

Correlation between worsening stroke risk and change in 
antithrombotic prescription: 
p-values: OAC, 0.7683; AP, <0.0001; OAC+AP, 0.7417. 

 

Another analysis of antithrombotic treatment received by AF patients included data from 34 

studies. This review found that the average percentage of untreated VKA eligible AF patients 

(i.e. those at moderate or high risk of stroke) across studies was 20%, with a range from 2-

46%. This wide variation was thought to be in part attributable to differences in definitions of 

stroke risk. In the six studies that used the CHADS2 score an average percentage for 

untreated VKA eligible patients of 12.5% was obtained (range: 2-28%) (White et al 2004). 

 

A comparison of published international studies show the proportion of AF patients who 

receive OACs varies from country to country and clinical setting to clinical setting within 

these countries: 

 

One published study was found for France. 

• In this study in France in very elderly AF patients (mean age 84.7 ± 7 years), 48.8% 

were receiving OACs and 51.2% aspirin. The majority of patients receiving OACs 

(46.9%) were at very high risk according to the CHADS2 risk stratification (Mahmud et al 

2007). The investigators noted, however, that thromboembolic risk was underestimated, 

and haemorrhagic risk overestimated, so patients who may have been eligible for OACs 

did not receive them (Mahmud et al 2007). 
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Two studies in Germany showed varying rates of OAC use. 

• An observational study in Germany, involving 361 patients (mean age 71 years) with AF 

recruited from physician practices, reported that 89% of AF patients, received OAC and 

9% antiplatelet agents. The authors commented that this level of OAC usage contrasted 

with previous studies where rates of 20-30% and 35-65% have been reported (Sudlow et 

al 1998). 

• In a study of 1,463 patients with a history of stroke of TIA, and consequently at high risk 

of further stroke, only 30.5% were receiving OACs on hospital discharge, with a further 

13.9% receiving LMWH. Of 329 patients who were followed for 1-2 years (mean 1.52 

±0.42) 88.7% were still on OACs at follow up (Murdoch et al 2005). 

 

Published Italian levels of reported levels of VKA usage varied widely, but frequently show 

underuse of OACs:  

• The analysis of the Health Search Database which looked at antithrombotic usage 

among AF patients in general practice in Italy, demonstrated that only 26.6% of 5,420 

new AF patients received OACs and 37.2% received no antithrombotic treatment at all 

(Chien et al 2008). 

• A study by Bo et al. (2007) examined the usage of OACs before and after 

implementation of treatment guidelines in a study conducted in a teaching hospital in 

Northern Italy. The study showed that in 2000, 56.6% of patients (n=313) for whom 

OACs would be appropriate did actually receive them, and by 2004 this had risen to 

81.9% (DeWilde et al 2006). 

• In contrast, a study in 51 general practices in Northern Italy (Fillipi et al 2000), involving 

719 patients with AF (40 years of age or more), reported that only 4% of patients were at 

low risk of stroke, while 3% were at moderate risk and 64% at high risk. The use of 

OACs was 29%, 14.3% and 22.8%, in low, moderate and high risk patients respectively, 

whereas the use of antiplatelet agents was 22.6%, 37.1%, and 65.1%, respectively. The 

investigators commented that almost 20% of the moderate and high risk patients 

received no antithrombotic treatment at all, and that warfarin was markedly underused, 

particularly in high risk patients (Boggon et al 2009).  

• A more recent retrospective cohort of antithrombotic usage from 2001 to 2004 was 

included in a study conducted by Alacqua et al. (2008), using information from 400 Italian 

general practitioners. Of 5,420 patients diagnosed with AF, 37.2% did not receive a 

prescription for an antithrombotic agent, 26.6% were prescribed an OAC, 30.7% were 

prescribed an antiplatelet agent and 5.5% were prescribed both. As patients’ stroke risk 

worsened (according to the CHADS2 risk score), antiplatelet use increased significantly 
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(p<0.0001), but OAC use did not (p=0.7683). Only 23-27% of patients in any CHADS2 

risk category received OAC alone, with a further 5-7% receiving an OAC plus an 

antiplatelet agent. Even in the highest risk category, 31% of patients did not receive any 

AT drug (Meiltz et al 2008).  

• Further evidence of under prescribing of antithrombotic treatment in Italy comes from a 

study of 1,549 patients admitted to hospital with first-time stroke between 2000 and 

2003. Of these, 238 patients (15.4%) had been previously known to have AF. Only 

52.1% of patients with a known history of AF had been receiving any antithrombotic 

treatment: 13% had been receiving oral anticoagulants, and 34.9% antiplatelet agents 

(Rowan et al 2007). 

 

In studies completed in Denmark, low overall levels of VKA treatment of AF patients have 

been reported. 

• In a study conducted between 1995 and 2002, involving 68,546 patients (aged 50-99 

years) with a diagnosis of AF who survived at least 3 months following hospital, 36% 

started warfarin treatment. Over the observation period, the proportion of patients who 

were prescribed warfarin increased, particularly among patients over 80 years of age 

where it rose from 13% to 23% (Boulanger et al 2006). 

• Another study examined OAC prescribing in 2,699 men and 2,425 women with AF, aged 

60-89 years, discharged from hospital in the 1991-1998 period. In this population, 31% of 

men and 23% had one or more recorded prescriptions of OAC (Go et al 1999). 

 

Published data from Spain shows VKA use in eligible patients ranged from less than 30% to 

71%. 

• In a population-based study in primary care involving 416 patients diagnosed with 

chronic AF from a population of 28,447, the investigators considered that 81% of patients 

(96.8 with valvular AF and 78.2% with non-valvular AF received the correct 

antithrombotic treatment). A total of 71.4% received oral anticoagulants, 17.3% received 

aspirin and approximately 4.6% received other antiplatelet agents (clopidogrel, 

ticlopidine or trifusal) (Candel et al 2004). 

• The CARDIOTENS study (1999), identified 6,194 patients with a history of previous 

cardiovascular disease from a cross-section of 32,051 outpatients seen on the same day 

by 1,159 physicians specialising in primary-care (79%) and cardiology (21%). Only 28% 

of patients with AF received OACs and 31% antiplatelet agents. There was a greater use 

of OACs among patients who had been seen by the cardiology specialists than among 

those seen in a primary care setting (37% vs. 21%; p<.001) (Miyasaka et al 2006).  
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• A small scale study, among 50 patients hospitalised for stroke, who had a history of AF 

of a least one year’s duration, found that although 90% of the patients would have been 

eligible for OACs according to the then current guidelines, only 32% had actually 

received it (Fang et al 2004). 

 

Studies published using data from Ireland show VKAs are underused in AF patients, and 

that this is most marked among older patients. 

• In a community-based study, a total of 70 patients with AF were identified among 2,684 

patients in two clinical practices: 26 of these patients had contraindications to OAC. 

Among those for whom warfarin was indicated, 47% (21 of 44) received an OAC. Of 

those patients not on OACs and those for whom aspirin was not contraindicated 20 of 42 

were not on aspirin (Gage et al 2000). 

• In a large scale database study of patients in general practice, in which digoxin use was 

used as surrogate indicator for the presence of AF, 21,971 patients were identified with 

possible AF. In any given month 36% were receiving warfarin, 51% were receiving 

aspirin, 8% were receiving both and 5% were not receiving any antithrombotic treatment. 

In the ≥75 age range, 26% of patients were on warfarin, and 3% on both warfarin and 

aspirin (Baker et al 2009). 

 

Studies across the United Kingdom (UK) showed the overall AF population on OAC therapy 

ranged from 21.4-65.2% (Gladstone et al 2009; McBride et al 2007). 

• In a community-based cross-sectional study conducted in Glasgow, Scotland between 

1999 and 2001, 1,416 patients (mean age 73-74) with AF were identified. Of these 53% 

were receiving OAC (warfarin), of those who did not receive warfarin 65% did not have 

any contraindications to its use (McBride et al 2007). 

• In another community-based study, 4.7% (228) of 4,843 subjects screened from primary 

care practices in Northumberland had AF. Although 61% of these patients would have 

benefited from OAC according to risk stratifications based on the Stroke Prevention in 

Atrial Fibrillation (SPAF) study, only 23% actually received oral anticoagulation 

(Gladstone et al 2009). 

• An analysis was conducted of practice data taken from eight general practices (81,811 

patients) in the south of England. Of 944 patients with AF, 82.8% were ≥65 years. Of 

these patients 42.6% of men and 35.2% of women had been prescribed OACs, and 

28.2% of men and 34.5% of women prescribed aspirin. The study looked at high risk 

groups to see if more intensive treatment was targeted at those most at risk, however, 
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warfarin and aspirin were prescribed in similar proportions to patients in the very high, 

high and moderate risk categories, with less prescribed to those at low risk. 

• DeWilde et al. (2006) used data from 181 UK general practices to investigate changes in 

the prevalence of AF and of OAC use between 1994 and 2003. Over this period AF 

prevalence rose from 0.78% to 1.31% in men and from 0.79% to 1.15% in women. The 

proportion of patients with AF taking anticoagulants rose from 25% to 53% in men and 

from 21% to 40% in women; most other patients received antiplatelet agents. However, 

only 56.5% of patients at very high risk of stroke were taking warfarin, although most of 

the rest were taking antiplatelet drugs. In addition 38.2% of AF patients at low risk of 

stroke were receiving OACs (Hirsch et al 2001). 

• A study based on information from the General Practice Research Database (GPRD), 

which comprises the computerised medical records of general practitioners in the UK, 

looked at the records of 35,083 AF patients. In a subset of 14,445 patients with incident 

AF, 49.6% received warfarin and 57.1% received aspirin. There was some overlap with 

23.3% of the total receiving both aspirin and warfarin. However, 16.4% received neither 

antithrombotic (JCS 2008). 

 

One published study was identified from Switzerland. 

• A 2005 study in Switzerland in 23 cardiology practices in Geneva found that 92% of AF 

patients with a CHADS2 score >2 were receiving an OAC. This is one of the highest 

usage rates of OACs with these specialists closely following guideline recommendations. 

However, in this study there was high usage of OACs (58%) in low risk AF patients, 

outside the current treatments guideline with may be due to concerns in this group of 

physicians about the risk of stroke in younger (<65 years) AF patients (Dolan et al 2008).  

 

The overall picture of OACs use in Europe demonstrates that between a quarter and just 

over a half of AF patients who were eligible for OACs, according to current guidelines, 

actually receive them. However, it is important to note that in some studies where guideline 

recommendations are followed, levels of appropriate OAC usage are high (Sudlow et al 

1998; Dolan et al 2008). 

 

As is the case in Europe, there is evidence of the underuse of OACs among AF patients in 

the USA, although use of OAC has risen since the 1990s.  

• An analysis of data from the National Ambulatory Medical Care Survey (NAMCS), a 

survey of US office-based medical practice, found that the overall frequency of OAC 

usage also increased from 40.3% of all patients with AF between 1994 and 1997 to 
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49.1% between 2001 and 2003 (Heneghan et al 2006). Interestingly, the increase in 

OAC use was greater among patients with comorbid risk factors for stroke than for those 

without. However, there was also increased use of OACs in younger patients at low risk 

of stroke, although guidelines do not recommend their use in such individuals (Heneghan 

et al 2006). 

• A retrospective analysis of data from electronic medical records for approximately 14,000 

patients treated for AF at US physician centres across the country was conducted 

between 1998 and mid-2003. It found that approximately two-thirds of these patients 

were prescribed warfarin alone or in combination, 12% of patients were prescribed 

aspirin alone, while 23% of patients did not receive any form of antithrombotic treatment 

(Ogilvie et al 2009). 

• The Anticoagulation and Risk Factors in AF (ATRIA) study that included AF patients 

enrolled in a large Californian health maintenance organisation found that 55% received 

warfarin in 1996 and 1997 (CSD 2009). 

• An earlier analysis of data from the NAMCS found that at 41% of visits by patients with 

AF in 1999 and 2000 the patients were receiving OACs (Jones et al 2005). 

• A retrospective study of data from a Californian Medicaid population between 1993 and 

1996 found that only 55% of 597 AF patients were prescribed antithrombotic therapy at 

hospital discharge: 34% received warfarin and 21% received aspirin (Gallagher et al 

2008). 

 

There is also evidence in Japan that patients do not receive OACs in line with treatment 

guidelines. For example, in a study of risk factors based on the database of the Japan 

Thrombosis Registry for AF, Coronary, or Cerebrovascular Events (J-TRACE)’ 

approximately one-quarter of patients (n=2.242) with AF who had CHADS2 scores ≥2 did not 

receive treatment with an oral anticoagulant (Reynolds et al 2006).  

 

Evidence from Australia is limited but there is an indication that VKAs are also significantly 

underused here. Jackson et al. (2011) showed that among hospital in-patients, on admission 

and before risk assessment, only 16% of low risk patients were being treated with warfarin 

compared to 30% of moderate risk patients and 31% of high risk patients. In a study by 

Bajorek et al. (2002), elderly patients aged ≥80 years with AF who are generally at high risk 

of stroke were less likely to receive warfarin than those aged <80 years (25.5% versus 

61.5%).  
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Despite the strong evidence for VKAs to prevent strokes in AF patients and the consistent 

recommendations of VKA use in the respective guidelines, data from around the world 

shows that there is a significant underuse of VKAs in patients with AF at high risk of stroke. 

The consistency of this phenomenon across the various geographies and healthcare 

systems is noteworthy and is likely to be associated with systematic deficiencies of VKAs. 

The next section investigates the efficiency of VKA management in those patients adherent 

to treatment and the persistence in treatment.  

 

1.2. Quality of OAC management 
Quality of warfarin management is commonly determined by measuring a patient’s 

International Normalised Ratio (INR) and establishing the percentage of time the patient’s 

INR is within therapeutic range (time in therapeutic range or TTR). A significant proportion of 

AF patients have INR values outside the recommended range for stroke prevention. The 

proportion of patients who achieve their target range can be improved by more frequent 

anticoagulant monitoring and monitoring in a specialised anticoagulation clinic, but this adds 

to the time expended by the patient and the burden on the healthcare services. Despite 

frequent monitoring, some patients are unable to maintain an adequate TTR (Hansen et al 

2009; Tentschert et al 2004; Hamann et al 2003). 

 

For stroke prevention in AF patients the optimal INR target range is usually 2.5 (range 

2.0−3.0 (Abdelhafiz et al 2003). The Japanese guidelines, however, specify ranges of INR 

2.0−3.0 for AF patients <70 years of age and 1.6–2.6 for AF patients ≥ 70 years of age 

(Abdelhafiz et al 2003). Once the clinician has established an appropriate target INR range 

for the patient, the OAC dose will be adjusted to keep the patient in the target range.  

 

A meta-analysis by Baker et al. in 2009 reported a therapeutic treatment rate (that is the 

proportion of time patients spent in the therapeutic INR range) of 63% for patients monitored 

in anticoagulation clinic versus a therapeutic treatment rate of 51% for those monitored in 

community practices in the US. 

 

An additional review of published studies showed that patients monitored in usual care 

(community and hospital based) settings were within the optimal INR range for only 56% (24 

studies, range 29-69%) of the time and those monitored in specialist anticoagulation clinics 

were in INR range for 65% (24 studies, range 54–74%) of the time (Turpie 2008).  
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A second meta-analysis investigated the relationship between the time in target range and 

the setting and frequency of anticoagulant monitoring, in both treatment-experienced and 

treatment-naive AF patients on OAC therapy (Ogilvie et al 2011). The following observations 

were made:  

• Patients who were monitored frequently (more than once per month) spent more time in 

the therapeutic range (64.3%) than those who were monitored less often (59.1%). 

• In specialist care settings (anticoagulation clinics) patients spent significantly more time 

in range − 11% (95% CI: 0.1–21.7%) − compared with usual care. 

• Naïve OAC users spent less time in range: 56.5% (95% CI: 45.5%–67.5%) than existing 

users 61.2%. 

 

Many patients find the frequent monitoring and necessary dose adjustments associated with 

OACs inconvenient and time consuming and may miss appointments, leading to poor control 

of anticoagulation. Self-monitoring of anticoagulant activity, to involve the patient and reduce 

the inconvenience, has been investigated in a number of trials. These compared self-

monitoring and self-adjustment of the warfarin dosage, with the patient’s usual practice (e.g. 

at primary care practice or specialist anticoagulation centre). A review of 14 studies found 

improvements of 3·0% to 20·9% in maintaining INR within the therapeutic range among self-

monitored patients (Youman et al 2003). Self-monitoring was associated with reductions in 

the risk of thromboembolic events and death. However, self-monitoring is not feasible for all 

patients, and requires identification and education of suitable candidates (Youman et al 

2003). 

 

A systematic review of studies with data on quality of anticoagulation identified 16 with 

sufficient information for review (Palmer et al 2005). Definitions of what constituted poor INR 

control varied between studies and where possible poor INR control was defined as patients 

spending less than 60% of the study time in therapeutic range (TTR). However, in some 

cases, poor INR control was defined in the study itself and in some others, the definitions 

had to be adapted to the information available in the study. Results are reported as the 

percentage of AF patients with poor INR control from the AF patients who received VKAs. 

Additional results from the review showed: 

• Three studies had data on a 3-6 month follow-up; the average percentage of patients 

showing poor INR control was 49% (range: 46–52%) 

• Three studies had data for a 6-9 month follow-up. The average percentage of patients 

with poor INR control was 38% (range: 33–44%).  
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• Eight studies had data for follow-up >9 months – for seven studies follow-up was one 

year, and five years in the other five years. The average percentage of patients with poor 

INR control was 58% (range: 23-80%).  

 

A multicentre, observational study in Germany showed that patients with AF who were 

receiving VKAs were within the target INR range 56% of the time, above range 30% of the 

time (leading to an increased risk of bleeding) and below range 14% of the time (leading to 

an increased risk of stroke) (Hamann et al 2003).  

 

A prospective observational study in France of around 800 AF patients who were managed 

by GPs or Cardiologists, found that over a six-month observation period, 32% of patients 

had spent less than 50% of their follow-up time in therapeutic range and only 38% of 

patients spent more than 75% of their time in the therapeutic range of INR, and were 

considered to have good anticoagulation control (Allender et al 2008).  

 

Sub-therapeutic levels of INR were reported in a Canadian study of patients who were 

admitted to hospital with ischaemic stroke who had a known history of AF and no 

contraindications to OACs (Winter et al 2009). The results of this study showed:  

• Only 40% of patients were receiving warfarin at the time of stroke admission and of 

those, three quarters had a sub-therapeutic INR (i.e. less than 2.0) which meant that 

90% of patients were not optimally anticoagulated at the time of their stroke.  

• Among the subset of AF patients with a history of stroke or TIA, and were at highest risk 

of stroke, 57.3% were taking warfarin before admission, but 68.3% had a sub-therapeutic 

INR at admission.  

• That, not only was there considerable underuse of OAC in AF patients, but also that a 

majority of those patients receiving warfarin were below the target INR of 2.0-3.0. 

 

In Japan, in large-scale prospective observational study, the J-RHYTHM registry, from 

January to July 2009, registered a total of 7,937 AF patients [5,468 men (68.6±10.0 years) 

and 2,469 women (72.2±9.0 years)] were from 158 institutions. Overall, 34.2% of the 

patients were over 75 years. In all 87.3% of patients were receiving warfarin (Ohsawa et al 

2007). Additional results reported included:  

• More than 25% of warfarin-prescribed patients had an INR <1.6, both among those 

<70 years and those >70 years of age. 

• In both the <70 years of age and >70 years cohorts, 66% of had INRs in the range 1.2-

2.6. 
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• 37% of patients in the <70 years cohort and 34% of patients <70 years had INRs in the 

range 2–2.99.  

• Only 2.8% of patient <70 years and 2.9% of those >70 years had INRs ≥3. 

 

This study suggests that although in Japan different INR ranges are recommended for AF 

patients <70 years (INR 2-3) and >70 years (INR 1.6-2.6), in practice there is little difference 

between older and young patients, with most being treated to the lower range. Furthermore, 

a quarter of patients had INR below the lower limit of even the lower normal range (Ohsawa 

et al 2007). 

 

A Korean study involving 1,502 patients with AF and no history of stroke reviewed the 

anticoagulant regimens of 422 patients with a CHADS2 score of 1 or more. Anticlotting 

regimens were used in 33.9% (143 patients were receiving warfarin). The average INR in 

these patients was 2.00±0.48, and only 66 (46.2%) of the 143 patients maintained their INR 

within the range of 2-3 (Caro et al 1999). 

 

There is a link between the level of INR control and the likelihood of an AF patient 

experiencing a clinical event. A UK study (Claesson et al 2000) in 2,223 patients with non-

valvular AF, found that:  

• Warfarin-treated patients were outside the INR target range 32.1% of the time, with 

15.4% with INR values >3.0 and 16.7% with INR values <2.0.  

• The quartile with the worst INR control spent 71.6% out of the target range, compared 

with only 16.3% out of range in the best controlled quartile.  

• Time spent outside the target range decreased as the duration of INR monitoring 

increased, from 52% in the first three months of monitoring to 30% after two years 

• An analysis showed that a 10% increase in time out of range was associated with an 

increased risk of mortality (odds ratio (OR) 1.29, p<0.001) and of an ischaemic stroke 

(OR 1.10, p=0.006) and other thromboembolic events (OR 1.12, p< 0.001). The rate of 

hospitalisation was higher when INR was outside the target range (Claesson et al 2000). 

 

Like in many other countries, VKA patients in Australia are not optimally managed. Jackson 

et al. (2001) showed 45% of patients on hospital admission fell into an INR range of 2-3 and 

Jackson et al. (2005) showed 68% of patients were in the 2-3.5 range with an intensive 

management program. Pickering and Thomas (2007) showed in an audit of an urban 

indigenous community that patients on warfarin were in the target INR therapeutic range 

44.9% of the time and Stafford et al. (2011) reported TTRs of 55.2% and 55.6% in patients 
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receiving usual care and patients receiving a post-discharge anticoagulant service, 

respectively.  

 

1.3. Patient persistence with antithrombotic treatment 
AF patients who start on OACs and/or antiplatelet agents may subsequently interrupt 

treatment or discontinue it altogether. This decision may be made by either the patients 

themselves or their physician and can be due to a range of different factors, including 

adverse events. Good compliance with both medication and INR monitoring is important to 

maintain therapeutic levels of anticoagulation, to avoid adverse effects and improve 

outcomes. Results of studies reporting persistence with VKA therapy are reported in Table 

1-2. 

 
Table 1-2: Persistence of OAC use in selected studies 

Country/region Patients persisting with OAC treatment 
1 year 2 years 30 months 5 years 

AF patients 
UK (Gallagher 2008) 70%a 60% a  35% a 
Italy (Mazzaglia 2010) 42.5% a 24.3% a   
USA/Canada (Reynolds 2006) 49% b  44% b  

AF patients with stroke/TIA discharged from hospital on OAC 
Austria (Tentschert 2004) 72%    
Germany (Hamann 2003) 77.4%    

a Percentage of patients receiving OACs 
b Percentage of patients in study – 65% were receiving OACs at baseline 
 

In the UK, a study based on data from the General Practice Research Database (GPRD), 

involving chronic AF patients over 40 years of age, found that only a minority of patients 

continued their OAC therapy for more than a few years (Caro et al 1997). Regarding 

persistence, the study found: 

• One-year persistence with treatment was 70% for warfarin and at two years 60% of 

patients who received warfarin were persisting with this treatment. 

• After five years only 35% of warfarin-treated patients were still receiving treatment.  

• Treatment persistence was higher in elderly patients and a higher CHADS2 score was 

also associated with improved persistence.  

 

A study conducted in the USA and Canada, which looked at antithrombotic prescribing in 

patients (mean age 65.9 years) newly diagnosed with AF, reported that although initially 

65% of patients were prescribed warfarin, at 12 and 30 months only 49% and 44%, 

respectively, were still receiving it. Even among patients ideal for OACs (older patients with 

risk factors for stroke and no known contraindications) warfarin use fell from 70% at baseline 
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to 50% at 30 months (Dewey et al 2003). Factors that influenced continuing use of warfarin 

during follow-up, included recurrence of AF, a history of stroke or TIA, congestive heart 

failure and valvular heart disease (Dewey et al 2003). This suggests that such patients are 

more motivated to continue treatment. 

 

Another US study which involved 472 AF patients aged 65 years and older reported that 

28% of patients had stopped warfarin within one year. The predominant reason for patients 

<80 years discontinuing treatment was the return of normal heart rhythm, while in those ≥80 

years safety concerns were the main reasons for withdrawal (Bo et al 2007). 

 

In a study in general practices conducted in Italy, of 1,707 AF patients who received OACs 

after one year 42.5% of patients were persisting with treatment, 32.8% had interrupted 

treatment and 24.7% had discontinued therapy; after 2 years 24.3% of patients were 

persisting with therapy, 49.1% had interrupted therapy and 26.6% had discontinued (Chien 

et al 2008). 
 

A large scale observational study from Denmark, based on registry data included 108,504 

AF patients of whom 37% (40,133 patients) were prescribed OACs. Discontinuation of OACs 

mainly occurred in the first year of treatment, with 34% of patients who were alive (65-68%) 

having discontinued treatment, OAC usage remaining relatively stable thereafter (Bielik et al 

2009). 

 

In patients who have experienced a stroke or TIA, an Austrian study involving 401 patients 

who had experienced a stroke or TIA, reported that after one year 72% of patients 

discharged on an OAC and 46% discharged on an antiplatelet agent were adhering to their 

treatment regimen (Spieler et al 2002). 

 

Data from the German Stroke Data Bank showed that after one year, 77.4% of the patients 

prescribed OAC were persisting with treatment, compared with 84% of the patients receiving 

aspirin and 61.6% of patients receiving clopidogrel. Under the conditions of this 

observational study, adherence to stroke prevention strategies was good (Winter et al 2009). 

 

In a German study that included 329 AF patients who had experienced a stroke or TIA and 

were discharged from hospital on OAC therapy, 88.7% were still receiving OACs at follow-up 

after 1−2 years. The mean time to discontinuation of OAC was 10.4 months. Reasons given 

for discontinuation of OAC included cessation of former indication, (15%), new medical 
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indications (15%), preparation for operations (21%), prevention of bleeding complications 

(9%), adverse reactions (3%), and other or unknown reasons in 36% (Murdoch et al 2005).  

 

In general, persistence with antithrombotic treatment in AF patients was better in patients 

who received antithrombotic therapy for secondary prevention of stroke, following a stroke or 

TIA, possibly because these patients were more motivated and followed-up more closely.  

 

Reasons for stopping VKA therapy were collected in a UK study, conducted at a single 

anticoagulation centre involving 402 AF patients (Murdoch et al 2005; Ghatnekar et al 2008; 

Bruggenjurgen et al 2007). In total 13.7% of patients stopped warfarin over a mean follow-up 

of 18 months. Among the patients who discontinued warfarin:  

• 38% discontinued because of bleeding complications 

• 20% discontinued because of successful cardioversion 

• 18% discontinued because or return to a normal heart rhythm 

• general ill health led to 9.1% stopping treatment and 5.4% stopped treatment because of 

frequent falls (5.4%) 

• other reasons for stopping treatment were metastatic cancer (3.6%), heart transplant 

(1.8%), jaundice (1.8%) and hair loss (1.8%).  

 

Summary 
The sections discussed above provide evidence that:  

1. warfarin is under-utilised in patients eligible for anticoagulant therapy, especially in 

those at a high risk of stroke,  

2. even in patients receiving warfarin, therapy is not optimally managed as 

demonstrated by a low TTR, and  

3. there is a high rate of discontinuation from warfarin therapy.  

 

1.4. AF patient subgroup analysis 
The previous sections summarized that a large number of patients eligible for VKA therapy 

are not taking the appropriate medication and that patients on VKA have significant issues in 

achieving the relevant therapeutic range. This section aims to quantify AF patients, who are 

not well managed on VKAs, according to their treatment characteristics.  

 

The AF patient subgroups were defined as follows:  

1) VKA non-users: Those who should be on VKA according to clinical guidelines but are 

not treated during the study. 
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a. Untreated: Those eligible for VKA therapy who are not treated with either VKA or 

antiplatelet therapy 

b. Antiplatelet treated: Those eligible for VKA therapy who are not treated with VKA 

but who receive antiplatelet therapy 

c. Treatment not specified: Those eligible for VKA therapy who are not treated with 

VKA but for whom other therapy or no therapy is not specified 

2) VKA contraindicated: Those for whom VKA therapy is contraindicated 

3) Warfarin naïve (newly diagnosed): Newly diagnosed patients eligible for warfarin but 

not treated so far with VKA 

4) VKA discontinued: Those who should be on VKA according to clinical guidelines, but 

are not due to discontinuation of VKA therapy 

5) VKA poorly controlled: Those on VKA with INR values frequently outside the target 

range (e.g. less than 65% in TTR) 

 

A summary of the results of the subgroup analysis can be found in Table 1-3; each 

population subgroup is discussed below.  

 

1a) VKA non-user – untreated 
Forty-three studies contained data pertaining to AF patients eligible for VKA therapy, due to 

their moderate or high risk for stroke, and who are untreated (no VKA or antiplatelets). If all 

43 studies were included, the average percentage of untreated VKA eligible AF patients 

across studies was 18.5%, with a range from 2.2% to 46.4% (Table 2). This large range is 

most likely due to differences in the definition of stroke risk categories among studies. In 

addition, differences in study populations and settings will also have an impact. To obtain a 

better comparison, studies were limited to those using the CHADS2 score (16 studies). An 

average percentage for untreated VKA eligible patients of 12.9% was obtained (range: 

2.2%–34.0%). In addition, four studies which stratified patients according to ACC/AHA/ESC, 

2001 guidelines were identified. An average of 27.5% of eligible AF patients remained 

untreated, according to these studies (range: 6.0% to 46.4%).  

 

1b) VKA non-user – antiplatelet-treated 
Current treatment practice literature was also examined for data pertaining to AF populations 

eligible for VKA therapy who are treated with antiplatelets rather than VKA. Forty-six studies 

had data pertaining to this population (Table 1-3). The average percentage of eligible AF 

patients treated with antiplatelets rather than VKA was 32.0% (range: 7.1% to 66.8%). If the 

analysis was limited to those studies that used a common stoke risk stratification scheme, 
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the average was 29.1% for 17 studies using the CHADS2 score (range: 8.3% to 58.8%), and 

26.9% (range: 7.1% to 53.4%) for four studies that used the ACC/AHA/ESC, 2001 

guidelines. 

 

1c) VKA non-user – other treatment not specified (AP or no treatment) 
Twenty-seven studies contained population data for AF patients who were not treated with 

warfarin, but these studies did not specify whether these patients were treated with 

antiplatelets or had no treatment. In these studies, an average of 47.6% (range: 11.7% to 

80.7%) of eligible AF patients fell into this category (Table 1-3). Of these studies, 17 used 

the CHADS2 score to define eligible patients. The average percentage of Non-VKA 

unspecified patients stratified by CHADS2 score was 48.1% (range: 11.7% to 80.7%). 

 
Table 1-3: AF subgroup populations 

AF subgroup # of studies 
with usable 
information 

Population Average Range 
Min Max 

1) VKA non-users 43     
1a) Untreated: all records 43 % of VKA eligible AF patients 18.5% 2.2% 46.4% 

1ai) Untreated: CHADS2  score 16 % of VKA eligible AF patients 12.9% 2.2% 34.0% 
1aii) Untreated: ACC/AHA/ESC guidelines 4 % of VKA eligible AF patients 27.5% 6.0% 46.4% 

1b) Antiplatelet treated: 46 % of VKA eligible AF patients 32.0% 7.1% 66.8% 
1bi) Antiplatelet treated: CHADS2  score 17 % of VKA eligible AF patients 29.1% 8.3% 58.8% 
1bii) Antiplatelet treated: ACC/AHA/ESC 
guidelines 

4 % of VKA eligible AF patients 27.0% 7.1% 53.4% 

1c) Treatment unspecified: all records 27 % of VKA eligible AF patients 47.6% 11.7% 80.7% 
1ci) Treatment unspecified: CHADS2  score 17 % of VKA eligible AF patients 48.1% 11.7% 80.7% 

2) VKA contraindicated: all records 44 % of total AF patient population 24.2% 2.7% 83.9% 
2a) Exclusions: Patients at long term care 
facilities and those with prior stroke 

35 % of total AF patient population 21.2% 2.7% 48.2% 

2b) Long term care populations only 3 % of total AF patient population 82.7% 80.4% 83.9% 
3) Warfarin naïve: all records 53 % of total AF patient population 34.2% 3.2% 82.1% 
4) Warfarin discontinued: all records 18 % of VKA treated AF population 20.3% 4.2% 45.9% 

4a) Exclusions: population duplicate; studies of 
mixed indications  

15 % of VKA treated AF population 22.2% 4.2% 45.9% 

4b) 1 year follow-up. Exclusions: duplicate 
studies; studies of mixed indications 

6 % of VKA treated AF population 25.3% 9.0% 45.9% 

4c) >1 year follow-up. Exclusions: duplicate 
studies; studies of mixed indications 

8 % of VKA treated AF population 21.9% 4.2% 40.0% 

5) Poor INR control: all records 16 % of VKA treated AF population N/A N/A N/A 
5a) Poor INR control <65% TTR threshold 5 % of VKA treated AF population 61.9% 52.5% 73.8% 
5b) Poor INR control: 3–6 months follow-up 4 % of VKA treated AF population 45.9% 37.6% 52.0% 
5c) Poor INR control: 6–9 months follow-up 3 % of VKA treated AF population 38.0% 33.3% 44.0% 
5d) Poor INR control: >9 months follow-up 11 % of VKA treated AF population 53.3% 23.3% 80.2% 

 

2) VKA contraindicated 
Forty-four studies from the current treatment practices literature contained information about 

the proportion of AF patients with contraindications to warfarin. Since these studies did not 

delineate the AF population by stroke risk, the results are given as a proportion of the whole 
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AF study population. While the average percentage of AF patients with contraindications to 

warfarin was 24.24%, the range was very wide with a minimum of 2.7% and a maximum of 

83.9% (Table 2). Excluding AF populations in long term care, very elderly populations and 

those who have had a prior stroke who often have greater contraindications, 35 studies 

remained, giving an average of 21.2% and a smaller range of between 2.7% and 48.2%. As 

expected, when AF populations from long term care or very elderly population settings (3 

studies) were examined alone, a very high level of contraindications to warfarin was found 

(average 82.7%; range: 80.4%–83.9%). The definition of contraindications given by studies 

varies widely, with some studies using very extensive categories, while others only include 

two or three contraindications; this probably accounts for much of the variation seen among 

studies. The most commonly mentioned contraindications include a history of bleeding or 

falling, along with alcohol abuse and cirrhosis. Additionally patients from different settings 

may have very different levels of contraindications, as seen with the patients from long term 

care facilities. 

 

3) Newly diagnosed/VKA Naïve 
Studies concerning the epidemiology of AF and current treatment practices were examined 

for information concerning the proportion of newly diagnosed AF patients or warfarin naïve 

patients; 53 studies were identified (Table 1-3). An assumption that newly diagnosed AF 

patients had not been treated with warfarin previously was made for the purposes of this 

analysis. The average percentage of newly diagnosed patients in AF populations was 34.1% 

and the range was from 3.2% to 82.1%.  

 

4) VKA discontinued 
Current treatment practice literature and discontinuation studies were considered for the 

extraction of population data for AF patients who permanently discontinue warfarin for any 

reason. As most studies concern AF populations on VKA therapy at the start of the study, 

results are reported as the percentage of AF patients who permanently discontinue 

treatment from the population of AF patients on VKA therapy in each study. Eighteen studies 

were found that contained information on permanent discontinuation of warfarin therapy. On 

average, 20.3% (range: 4.2% to 45.9%) of patients on warfarin discontinued therapy (Table 

1-3). Study follow-up times varied from 1 year to 5 years. When duplicate study populations 

and study populations with indications other than AF were excluded, an average of 22.2% of 

patients discontinued warfarin (range: 4.2% to 45.9%; 15 studied). Studies were further 

categorised by follow-up time into those with a follow-up of one year (6 studies), and those 

with follow-up times of more than one year (8 studies). No difference was seen between 
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studies of one year follow-up (average: 25.3% of patients discontinued; range: 9.0% to 

45.9%) and greater than one year follow-up (average: 21.9% of patients discontinued; range: 

4.2% to 40.0%).  

 

5) Poor INR control 
Studies of INR control and monitoring were examined for data on the proportion of AF 

population with poor INR control while on oral anticoagulant therapy. Definitions of what 

constitutes poor INR control vary between studies. Where possible, poor INR control was 

defined as patients spending less than 65% of the study time in therapeutic range (TTR). 

However, in most studies, poor INR control was defined inconsistently and the definition 

given in the indicated study was used. Sixteen studies were identified as containing pertinent 

data (Table 1-3). 

 

Most studies presented INR control data averaged over the follow-up duration of the study, 

therefore the duration of patient follow-up was reported and studies were placed into the 

following categories; 3–6 month follow-up, 6–9 month follow-up and more than 9 months 

follow-up. Results are reported as the percentage of AF patients with poor INR control from 

the cohort of AF patients receiving VKA therapy. It was not possible to obtain population 

information from INR control data reported as TTR alone. In addition, studies with patients 

on VKA for mixed indications were excluded.  

 

Five studies defined poor control and less than 65% of TTR or greater (68% to 100% TTR); 

the average percentage of patients showing poor INR control was 61.9% (range: 52.5%-

73.8%). 

 

Four studies contained data for a 3-6 month follow-up; the average percentage of patients 

showing poor INR control was 45.9% (range: 37.6%-52.0%). Two of these studies defined 

poor INR control as being outside the therapeutic range, with no information concerning time 

in range; one study defined poor INR control as at least one INR reading outside the 

therapeutic range; and the last study defined poor control as spending less than 50% of time 

in the therapeutic range. 

 

Three studies gave data for a 6-9 month follow-up. The average percentage of patients with 

poor INR control was 38.0% (range: 33.3%-44.0%). Poor INR control was defined as being 

outside the therapeutic range with no information concerning time in range in two studies, 

and as spending under 20% of the time in the target range in the third. 
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Eleven studies were available with data for a longer follow-up >9 months—for most studies 

follow-up was 1 year, in 2 studies follow-up was 18 months and for the final study follow-up 

was 5 years. The average percentage of patients with poor INR control was 53.3% (range: 

23.3% to 80.2%). Poor INR control was defined as spending <60% of time in the target 

range in two studies; <68% of time in the target range in 1 study, <70% of time in the target 

range in one study, <75% of time in the target range in two studies and 100% in 1 study. The 

remaining studies defined poor INR control as INR outside the therapeutic range; no 

information was available concerning the amount of time spent outside this range. 

 

In conclusion, the available data confirms that many patients with AF at risk of stroke are not 

appropriately managed as per guidelines. For a patient with AF who has a well-controlled 

INR and who is compliant when taking medication and receiving INR monitoring, VKA’s may 

be effective. However many subgroups of AF patients do not fall into this category. The 

literature suggests that a significant proportion of patients who are eligible are not taking 

VKAs due to contraindications. For some of these patients, novel oral anticoagulants may be 

a viable alternative. For patients currently untreated, patients discontinuing treatment or 

treatment-naïve patients who have not yet initiated VKAs, it remains to be determined 

whether they are unwilling to take warfarin, whether they are inappropriately treated with 

treatments other than VKAs or whether other factors prevent them from taking VKAs. 

Patients with poorly controlled INRs would benefit from novel treatment alternatives or 

potentially through measures for optimizing warfarin management. The costs and 

effectiveness of such systems are further discussed in the next section. 
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2. Systematic review of warfarin management programs 
 

Oral anticoagulation therapy has been available for prophylactic use and to reduce the risk 

of thromboembolic events in patients with atrial fibrillation for over 60 years. The widely used 

oral anticoagulant warfarin has a narrow therapeutic index and must be continually 

monitored based on the international normalised ratio (INR) traditionally measured using 

plasma obtained from venepuncture.  Appropriate dosing can only be determined using INR 

as a guide; however, even with close monitoring thromboembolic events and bleeding are 

common. Due to the strong association between INR levels and adverse outcomes, 

maximising time spent in therapeutic range is very important for effective OAT therapy 

(Ansell et al 2001).  

 

Optimised management of warfarin improves the quality of treatment and helps to reduce 

morbidity and mortality event rates. Traditionally anticoagulation management has been 

conducted by the general practitioner (GP) and this is still considered the standard of care 

(Samsa et al 2000). In most cases the GP will use personal judgement and experience to 

determine anticoagulation dose adjustments.   

 

The rationale for anticoagulation management services is that a specialist anticoagulation 

manager takes responsibility for dosing changes, scheduling, patient education and other 

aspects of anticoagulation management rather than have this function performed by the 

patient’s GP. The most effective means of management has been evaluated for years and 

several different types of program have been identified as effective for the management of 

OAT. Different methods of managing OAT include: management by the general practitioner 

(GP), pharmacist or nurse managed, computer assisted dosing programs, specialised 

anticoagulation clinics utilising nomograms, computer dosing and point of care testing 

(POCT), patient self-testing (PST) and patient self-management (PSM). All of these services 

(which are inconvenient for the patient and have a cost involved) would be unnecessary if 

the patient was on a NOAC. 

 

Pharmacist managed programs are in place in both the community and hospital setting. In 

Australia, pharmacists also manage anticoagulation through the home management review 

(HMR) process (Stafford et al 2011).   

 

Specialist anticoagulation management clinics are designed to optimise anticoagulation 

treatment by providing the patient with expert advice and education along with all the 
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associated anticoagulation monitoring and dosing assistance (Matchar et al 2002). These 

clinics may be managed by a pharmacist, nurse, nurse practitioner, physician, physician’s 

assistant or some combination of these.   

 

Computerised dosing programs enhance the quality of OAT by utilizing a standardised 

computer generated nomogram to assist physicians in making dosing decisions and to 

schedule appointments (Manotti 2001).  

 

Patient self-management consists of the patient utilising a self-testing device to actively 

manage the dosing of anticoagulation.  The difference between PST and PSM is in PST the 

patient uses the self-testing device to determine INR and dosage decisions are made by a 

health care professional whereas in PSM the patient makes dosing decisions themselves.  

 

The percentage time that INR is within therapeutic range (TTR) is a useful indicator of 

efficacy and is one of the most common methods for evaluating anticoagulation 

management programs.  Most clinical studies evaluating the effectiveness of anticoagulation 

management report TTR while other studies report clinical outcomes as a means of 

evaluating effectiveness.  Both are important indicators.   

 

The objectives of this assessment were to examine the various models used in the 

management of anticoagulation, to assess the value of anticoagulation management 

programs and to determine if there is a quantifiable value added by these programs.   

 

The overall aim was to identify and compare all of the anticoagulation management 

programs that have been published, describe the details of the programs and examine the 

outcomes reported. 

 

A comprehensive literature search was undertaken to identify all the relevant trials 

comparing the effectiveness of warfarin management programs in the control of 

anticoagulation for patients with atrial fibrillation.  

 

Forty three trials directly comparing anticoagulation management programs were identified. 

A hand search of the literature revealed a further 9 trials that presented results directly 

related to the effectiveness of anticoagulation management programs in AF which were also 

included, giving a total of 52 studies. 

 

These studies were then grouped by type of anticoagulation management program  
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• Pharmacist managed – Studies clearly identifiable as managed by a pharmacist 

included both hospital managed patients and patients managed in the community. 

• Computer managed – Studies identified as using a computerised dosing system to 

manage the dose and schedule follow-up with patients. 

• Specialist anticoagulation management – Studies that included more than one type 

of intervention i.e. computerised dosing, the use of standardised nomograms for 

dosing decisions, point of care testing and managed by a health professional (nurse, 

pharmacist, physician or a combination) specifically trained in OAT. 

• Patient self-managed (PSM) or self-tested (PST) – Studies that compared the effects 

of PST or PSM with standard of care.  

 

These groups were further stratified by geographic region before the average change in TTR 

between treatment groups was calculated. A weighted average of the change was calculated 

first by geographic region and then for the overall anticoagulation management program. 

The weighted average was also calculated for event rates and percentages were used to 

compare between treatment groups. Rates of adverse events were extracted from the 

literature and the weighted average for percentage of events was calculated.   

 

Of the 52 studies that were selected for further analysis not all reported data on both TTR 

and event rates. As such, results were separated into results for efficacy measured using 

TTR and results for adverse event rates.  
 

Table 2-1: Summary of Results 

Type of warfarin 
management 
program 

N studies 
identified 

Total 
number of 
patients 
assessed 

Average 
improvement 
in TTR 

Major 
Bleeding 

Minor 
Bleeding 

Any 
Thrombotic 
Event 

Stroke/TIA Death 

Pharmacist 
managed 15  93,628* 8.44% 1.31% 8.34% 0.83% 0.22% 0.65% 
Computer 
managed 5 10,362 3.76% 1.26% 3.82% 1.38% 0.05% 0.88% 

Specialist AC 
management 11 2161 11.53% 1.30% 17.25% 2.20% 1.51% 12.73% 

Patient self-
managed/tested 13 2835 4.75% 7.34% 35.64% 1.08% 1.89% 9.30% 

*Includes 84,219 patients from a single study Bond et al 2004  

 

The following tables illustrate the efficacy of anticoagulation management programs by 

comparing TTR and averaging the change between interventions. The change in the 

weighted average can then be used to compare between programs and to assess which 

programs provided the greatest percentage change from standard of care.  
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Nine studies presented in Table 2-2 compared the TTR of pharmacist managed 

anticoagulation services with that of standard care. Pharmacist managed anticoagulation 

programs improved the percentage TTR on average by over 8%.   

 
Table 2-2: Efficacy of pharmacist managed anticoagulation management programs compared 

to GP managed programs 

  Standard of Care  Pharmacist Managed   
Author (Date) Country n TTR INR test frequency 

(mean weeks) n TTR INR test frequency 
(mean weeks) 

Average change 
after intervention 

North America               
Airee et al (2009) USA 50 0.62 - 50 0.68 - 0.06 
Garwood et al (2008) 
USA 40 0.48 5 40 0.76 2.92 0.28 
Hall et al (2011) USA 175 0.546 6.93 175 0.672 3.77 0.126 
Poon et al (2007) USA 1081 0.464 16.37 440 0.481 5.37 0.017 
Thompson et al (2009) 
USA 145 0.479 - 145 0.457 - -0.022 
Wilson et al (2003) 
Canada 109 0.59 0.99 112 0.63 1.17 0.04 
Witt et al (2005) USA 3322 0.552 3.11 3323 0.635 2.96 0.083 
Young et al (2011) 
Canada 81 0.65 2.08 112 0.73 1.79 0.08 
        Weighted Average Change North America  8.60% 
Australia               
Stafford et al (2011) AU 100 0.552 1.52 86 0.556 1.5 0.40% 
Weighted Average  0.53     0.62   8.44% 

 

Five studies presented in Table 2-3 compare the management of anticoagulation dosing by 

computerised system compared to standard of care.  The implementation of computerised 

dosing management systems increased the percentage of TTR by on average 3.76%. 

 
Table 2-3: Efficacy of computerised dosing systems in anticoagulation management  
  Standard Care Computerised Dosing   

Author (Date) 
Country n TTR 

Frequency of 
INR tests 
(mean) (in 

weeks) 
n TTR 

Frequency of 
INR tests 
(mean) (in 

weeks) 

Average change 
after intervention 

Europe               
Cafolla et al (2011) 
Italy 1876 0.5038 2.74 1876 0.623 2.48 0.1192 
Gouin-Thibault et al 
(2010) France 199 0.483 0.476 108 0.586 0.374 0.103 
Manotti et al (2001) 
Italy 458 0.682 NR 458 0.712 NR 0.03 
Poller et al (2008) 
Italy 6447 0.647 7.78 6605 0.659 7.99 0.012 
Poller et al (2009) UK 
and Europe 1316 0.634 10.6 1315 0.668 9.49 0.034 
Weighted Average   0.62     0.66   3.76% 
 

Nine studies compared anticoagulation management by a specialist anticoagulation clinic 

with standard care (Table 2-4). One study by Ansell et al (2007) did not compare 

management but provided results for patients in treatment centres in 5 different countries. In 
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2 countries, (Italy and Spain) the patients’ anticoagulation was managed by a specialist 

anticoagulation clinic and in the other 3 countries (USA, Canada and France) the patients 

anticoagulation was managed under standard of care.   

 
Table 2-4: Efficacy of specialist anticoagulation services compared to standard of care 

  Standard of Care Specialist AMS   

Author (Date) 
Country n TTR   

Frequency of 
INR tests 
(mean) (in 

weeks) 
n TTR   

Frequency of 
INR tests 
(mean) (in 

weeks) 

Average 
change after 
intervention 

Europe                   

Ansell et al (2007) 
USA, Canada, 
France, Italy, Spain 

686 0.581 398.566 3  -  -  -  -  - 
152 0.628 95.456 2.9  -  -  -  -  - 
278 0.593 164.854 3  -  -  -  -  - 
 -  -  -  - 177 0.695 123.015 3  - 
 -  -  -  - 218 0.649 141.482 4.6  - 

Holm  et al (2002) 
Denmark 97 0.552 53.544 - 124 0.65 80.6 - 0.098 
          Weighted Average Change Europe 7.76% 
Asia                   
Lee et al (2011) 
Taiwan 44 0.537 23.628 4.97 44 0.609 26.796 3.13 7.20% 
North America                 
Coghlan and Fish 
(2010) USA 467 0.57 266.19  - 200 0.73 146  - 0.16 
Franke et al (2008) 
USA 30 0.308 9.24 6.6 37 0.321 11.877 4.03 0.013 

35 0.459 16.065 4.56 0.459 
Matchar et al 
(2002) USA 317 0.523 165.791  - 173 0.556 96.188  - 0.033 
Nichol et al (2008) 
USA 756 0.4207 318.0492 2.63 251 0.6814 171.0314 2.04 0.2607 
Samsa et al (2000) 
USA 61 0.469 28.609 - 43 0.603 25.929 - 0.134 
Thomson et al 
(2011) Canada 67 0.822 55.074 0.7 55 0.774 42.57 0.96 -0.048 

          Weighted Average Change North America 14.55% 
Weighted Average  53.43%       64.96%     11.53% 

 

The 13 studies presented in Table 2-5 compare the TTR of patients self-managing or self-

testing with that of standard care. Patient self-management or self-testing improved the 

percentage TTR on average by 4.75%.   

 
Table 2-5: Efficacy of patient self-management and self-testing compared to standard of care 
  Standard of Care Self-managed/Self-testing   
Author (Date) 
Country n TTR 

Frequency of INR 
tests (mean) (in 

weeks) 
n TTR 

Frequency of INR 
tests (mean) (in 

weeks) 

Average 
change after 
intervention 

North America               
Beyth et al (200) 
USA 162 0.32 - 163 0.56 - 0.24 
Grunau et al (2011) 
Canada 5 0.797 - 6 0.822 - 0.025 
Matchar et al (2010) 
USA* 1457 0.624 3.3 1465 0.662 1.08 0.038 
Sunderji et al (2004) 
Canada 70 0.587 - 69 0.648 - 0.061 
        Weighted Average Change North America 5.83% 
Europe               
Christensen et al 50 0.689 - 50 0.787 - 0.098 
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  Standard of Care Self-managed/Self-testing   
Author (Date) 
Country n TTR 

Frequency of INR 
tests (mean) (in 

weeks) 
n TTR 

Frequency of INR 
tests (mean) (in 

weeks) 

Average 
change after 
intervention 

(2006) Denmark 
Cromheecke et al 
(2000) Netherlands 24 0.49 - 25 0.55 - 0.06 
Menendez-Jandula 
et al (2005) Spain 369 0.688 - 368 0.679 - -0.009 
Siebenhofer et al 
(2008) Austria 96 0.645 - 99 0.613 - -0.032 
Voller et al (2005) 
Germany 101 0.585 - 101 0.678 - 0.093 
        Weighted Average Change Europe 1.41% 
UK                
Fitzmaurice et al 
(2005) UK 280 0.68 - 337 0.7 - 0.02 
Khan et al (2004) 
UK 41 0.632 - 44 0.704 - 0.072 

44 0.711 0.079 
McCahon et al 
(2007) UK 40 0.64 4.43 38 0.7 2.43 0.06 
        Weighted Average Change UK 3.13% 
Israel               
Goldberg et al 
(2010) Israel 32 0.4 3.25 13 0.58 3.7 0.18 

13 0.61 2.26 0.21 
        Weighted Average Change Israel 19.50% 
Weighted Average   0.62     0.66   4.75% 
*Compared results from patient self-testing to results of POCT in a specialised clinic 
 

Outcome data for the pharmacist managed anticoagulation programs compared with 

standard of care is presented in Table 2-6. Comparing the weighted averages for event rates 

the percentage of thrombotic events and stroke decreased while percentage of major and 

minor bleeding increased for patients managed by pharmacists. 

 
Table 2-6: Major outcomes of pharmacist managed anticoagulation management programs 

compared to GP managed programs 

  Standard of Care Pharmacist Managed 

Trial ID Major 
Bleeding  

Minor 
Bleeding 

Any 
Thrombotic 

Event 
Stroke 
or TIA Death  Major 

Bleeding 
Minor 

Bleeding 
Any 

Thrombotic 
Event 

Stroke 
or TIA  Death  

UK                     
Abdelhafiz 
2004 - - - - - 2.74% 26.62% 2.49% - 5.47% 

North America                     
Airee 2009 2.00% 2.00% 0.00% - 2.00% 0.00% 2.00% 0.00% - 0.00% 
Bond and  
Raehl 2004 - 9.15% - - 7.07% - 8.41% - - 6.66% 
Bungard 2008 - - - - - 5.15% - 2.06% 0.52% - 
Fowler 2012 - - - - - 0.72% 0.89% 0.50% 0.07% - 
Garwood 
2008 - 30.00% 2.50% - - - 5.00% 0.00% - - 
Menzin 2005 - - - - - 3.00% - - 0.83% - 
Poon 2007 0.19% 1.57% 1.11% 0.65% - 0.68% 11.36% 0.45% 0.00% - 
Willey 2003 - - - - - 1.75% 17.25% 2.29% - 0.00% 
Wilson 2003 0.92% - 1.83% 0.00% 5.50% 1.79% - 0.89% 0.89% 4.46% 
Witt 2005 0.93% - 1.23% 0.54% 0.21% 0.87% - 0.51% 0.18% 0.15% 
Young 2011 0.00% - 1.23% 1.23% - 1.79% - 0.89% 0.89% - 
Australia                     
Stafford 2011 5.00% 14.00% 7.00% - 2.00% 2.33% 3.49% 1.16% - 3.49% 
Weighted 
Average 
Event Rates  

0.754% 9.14% 1.22% 0.57% 7.03% 1.30% 8.33% 0.82% 0.22% 6.34% 
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Outcome data for computerised dosing of anticoagulation compared with standard of care is 

presented in Table 2-7. Comparing the weighted averages for event rates the percentage of 

major and minor bleeding, thrombotic events and stroke all decreased for patients managed 

by computerised anticoagulation dosing.  

 
Table 2-7: Major outcomes of computer managed anticoagulation dosing programs 

compared to standard of care 

  Standard of Care Computerised Dosing  

Trial ID Major 
Bleeding 

Minor 
Bleeding 

Any 
Thrombotic 

Event 
Stroke 
or TIA Death  Major 

Bleeding 
Minor 

Bleeding 
Any 

Thrombotic 
Event 

Stroke 
or TIA  Death  

Europe                     
Cafolla 
2011 0.48% 5.76% 2.03% 0.11% 0.27% 0.32% 4.21% 1.23% 0.05% 0.16% 
Gouin-
Thibault 
2010 

2.01% - - - - 2.78% - - - - 

Poller 
2008 1.54% 4.47% 1.64% - 0.96% 1.41% 3.83% 1.47% - 1.06% 
Poller 
2009 1.06% 3.27% 1.75% - 0.91% 1.75% 3.19% 1.14% - 0.99% 
Weighted 
Average 
Event 
Rates  

1.28% 4.55% 1.73% 0.11% 0.82% 1.26% 3.82% 1.38% 0.05% 0.88% 

 

Outcome data for the specialist anticoagulation clinics compared with standard of care is 

presented in Table 2-8. Comparing the weighted averages for event rates the percentage of 

major bleeding, thrombotic events and stroke decreased while percentage of minor bleeding 

increased for patients managed in the specialist anticoagulation clinics. 

 
Table 2-8: Major outcomes of specialist anticoagulation management services compared to 

standard of care 

  Standard of Care Specialist AMS 

Trial ID Major 
Bleeding-  

Minor 
Bleeding 

Any 
Thrombotic 

Event 
Stroke 
or TIA Death  Major 

Bleeding 
Minor 

Bleeding 
Any 

Thrombotic 
Event 

Stroke 
or TIA  Death  

North America                     
Hodge2008 - - - - - 3.08% - 0.44% 0.44% - 
Matchar 2002 1.58% 11.67% 3.47% 2.21% - 1.73% 15.61% 5.78% 3.47% - 
Marques 2009 - - - - - 0.00% 16.98% - - - 
Nichol 2008 2.91% - - 1.32% - 1.40% - - 1.42% - 
Thomson 2011 4.48% - 2.99% - 10.45% 5.45% - 0.00% - 12.73% 
Asia                     
Lee 2011 - 22.73% 4.55% 4.55% - - 27.27% 0.00% 0.00% - 
Weighted 
Average Event 
Rates  

2.63% 13.02% 3.50% 1.70% 10.45% 1.30% 17.25% 2.20% 1.51% 12.73% 

 

Outcome data for patients self-managing or self-testing anticoagulation compared with 

standard of care is presented in Table 2-9. Comparing the weighted averages for event rates 
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the percentage of major bleeding, thrombotic events and stroke decreased while percentage 

of minor bleeding increased for patients that self-managed or self-tested anticoagulation.  

 
Table 2-9: Major outcomes of patients self-managing and self-testing compared to standard 

of care 

  Standard of Care Self-management and Self-testing 

Trial ID Major 
Bleeding-  

Minor 
Bleeding 

Any 
Thrombotic 

Event 
Stroke 
or TIA Death  Major 

Bleeding 
Minor 

Bleeding 
Any 

Thrombotic 
Event 

Stroke 
or TIA  Death  

North America                     
Beyth et al 
(200) USA 12.96% - 0.00% 0.00% 26.54% 6.75% - 0.00% 0.00% 25.15% 
Matchar 2010 9.81% 27.52% 0.00% 2.13% 10.78% 10.03% 36.86% - 2.12% 10.38% 
Sunderji et al 
(2004) Canada 1.43% - 2.86% - 0.00% 0.00% - 0.00% - 0.00% 
Europe                     
Christensen et 
al (2006) 
Denmark 

0.00% - 0.00% 0.00% 0.00% 0.00% - 0.00% 0.00% 2.00% 

Cromheecke 
et al (2000) 
Netherlands 

4.17% - 8.33% - 0.00% 0.00% - 0.00% - 0.00% 

Menendez-
Jandula et al 
(2005) Spain 

1.90% - 5.69% - 4.07% 0.82% - 0.82% - 1.36% 

Siebenhofer et 
al (2008) 
Austria 

11.46% - 13.54% - 11.46% 6.06% - 6.06% - 15.15% 

Voller et al 
(2005) 
Germany 

0.00% 0.00% 0.99% - 0.00% 1.98% 0.00% 0.00% - 0.00% 

UK                     
Khan et al 
(2004) UK - - - - 0.00% 2.50% 5.00% 0.00% 0.00% 0.00% 
Fitzmaurice 
2005 1.07% 0.36% 1.07% 0.71% 0.36% 0.59% 0.59% 1.19% 1.19% 0.59% 
Israel                     
Goldberg 2010 0.00% - 3.13% 3.13% 0.00% 0.00% - 0.00% 0.00% 0.00% 
Weighted 
Average Event 
Rates  

8.19% 27.75% 4.93% 1.95% 9.87% 7.34% 35.64% 1.08% 1.89% 9.30% 

 

Most studies did not report on the associated costs related to anticoagulation management 

programs. The 7 studies in Table 2-10 reported on the costs associated with anticoagulation 

management. Cost data was reported differently in each study and in different currencies 

dependent upon geographic location. Where possible cost estimations were extracted on a 

per patient per year basis. The main findings related to cost are narratively described below.  

 
Table 2-10: Costs associated with anticoagulation management programs 

  Standard Care Intervention  Reported cost 
or cost 

savings (-)  Trial ID Type of 
program n Cost  n Cost  

Connock (2007)UK PSM/PST  -  -  - £180.21 £180.21  
Jowett (2005) UK PSM/PST 280 £122 337 £417 £295 
McCahon (2007) UK PSM/PST 40 £117.60 38 £193.01 £75.41 
Bond and  Raehl (2004) USA  Pharmacist 633,177 $17,167 84,219 $16,797 -$370 
Hall (2011) USA Pharmacist 175 $1,480,661 175 $754,191 -$3,697 
Menzin (2005) USA Pharmacist  -  - 600 $257  $257 
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  Standard Care Intervention  Reported cost 
or cost 

savings (-)  Trial ID Type of 
program n Cost  n Cost  

Matchar (2010) USA PSM/PST 1457  - 1465   $1,249 
 

The cost savings reported in Bond and Raehl (2004) represents a per patient savings and 

was calculated from charges to Medicare for hospitalised patients that were being treated 

either in a hospital with access to an anticoagulation management service or hospitals that 

did not have access to this service.   

 

The cost of patient self-management was determined to be £180.21 per patient per year 

over 5 years in the health technology assessment completed by Connock et al (2007). 

Connock included only studies that contained a full economic evaluation that compared 

costs and effects of PSM control with usual care. The results from Jowett et al (2005) were 

included in the evaluation. 

 

Jowett et al (2005) was a cost-utility analysis conducted in the UK to determine the cost-

effectiveness of PSM per patient per year. Costs were measured from both a healthcare and 

societal perspective. These included costs for training and assessment, costs for routine 

anticoagulation management, and primary and secondary care contacts for thrombotic and 

haemorrhagic complications.  

 

Hall et al (2011) reported cost savings per patient in a pharmacist managed anticoagulation 

service compared to standard of care in hospitalised patients in the USA. Accounting for 

anticoagulation service operational costs and pharmacy expenditures the net savings was 

$647,024 or $3,697 per patient in the pharmacist managed group during the 1 year study 

period.  

 

Matcher et al (2010) compared the per patient costs associated with POC testing in a group 

that self-tested compared to POC testing in patients tested in a specialist clinic. Costs were 

higher in the self-testing group but the difference was not significant.  

 

McCahon et al (2007) evaluated the cost of PSM compared to standard of care in the UK.  

PSM is more costly than standard UK care, with NHS costs per patient per year estimated to 

be £75.41 more expensive than standard of care.   

 

Menzin et al (2005) collected patient data from 3 anticoagulation clinics in the USA managed 

by a pharmacist and nurse.  The mean overall cost of warfarin monitoring per patient over a 
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mean follow-up time of 10 months was calculated for each site.  The average cost for the 3 

sites was $257 per patient.   

 

The data presented above provide a comprehensive outline of the impact of anticoagulation 

management programs, indicating that all programs increased the percentage TTR which 

translated into reduced thrombotic events. The impact of anticoagulation management 

represents a potential benefit to some patients at varying costs depending on the type of 

service being used.   

 

The results of this study support results published previously in van Walraven et al (2006) 

and Baker et al (2009). Baker et al (2009) reported patients managed in anticoagulation 

clinics spent on average 11% more time in therapeutic INR target range than did patients 

managed by a GP.  

 

This study reveals the most effective means of anticoagulation management are the 

specialist anticoagulation management services. These specialist clinics optimise 

anticoagulation treatment by determining the appropriateness of treatment, managing dose 

changes, monitoring INR results, providing dietary assistance and other education in regards 

to medications and disease states that may impact dosing. Specialist anticoagulation 

management clinics increased the time spent in therapeutic INR range by on average 

11.5%. Comparing the weighted averages for event rates the percentage of major bleeding, 

thromboembolic events and stroke decreased while percentage of minor bleeding increased. 

When compared to standard of care the percentage of major bleeding decreased from 2.6% 

to 1.3%. The percentage of thromboembolic events also fell from 3.5% to 2.2% and the rates 

for stroke were reduced from 1.7% to 1.5%. While these results demonstrate the 

effectiveness of specialist anticoagulation clinics, it should be noted that clinics such as 

these do not currently exist in Australia. 

 

Pharmacist managed anticoagulation programs have been assessed in Australia and these 

were shown to improve TTR by an average of 8.4% across all studies from the UK, USA and 

Australia. In the only Australian study, however, this improvement was only 0.4%. The 

percentage of any thrombotic event across all pharmacist managed studies was reduced 

from 1.2% to 0.8% and stroke or TIA fell from 0.6% to 0.2%. However, major bleeding 

unexpectedly increased from 0.7% to 1.3%.  
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Overall, the data show that improvements to warfarin therapy can be made with 

management programmes, but it remains unclear which subgroups would benefit most, as 

not all patients could be expected to improve.  

 

3. Conclusion 
Patients with AF are at risk of stroke, yet a large proportion do not receive adequate 

anticoagulation therapy that can effectively reduce this risk. This is despite the current 

standard of care with vitamin K antagonists, such as warfarin, being inexpensive and readily 

available. Many efforts have been made to improve warfarin management but the associated 

cost and the benefits for individual patients remains uncertain. The fact that warfarin has 

been available for such a long time and intensively studies, yet many patients worldwide 

continue to receive inadequate anticoagulation, highlights the limitations of this therapy and 

the need for alternatives.  
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