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1. OVERVIEW 

Despite over 50 years of clinical experience managing warfarin there still remains a 

significant unmet need for new stroke prevention medicines. This submission is made so 

that patients can have access to dabigatran via the Pharmaceutical Benefits Scheme (PBS). 

Without the PBS, patients who are mainly seniors, will not be able to afford a medicine 

proven to prevent more strokes and to cause fewer life-threatening bleeds than warfarin. 

Dabigatran eliminates the need for routine blood monitoring and dietary restrictions, and 

importantly dabigatran is cost-effective versus currently available medicines. Based on the 

available evidence of cost-effectiveness, and in accordance with the PBAC‟s 

recommendation, dabigatran should be listed without delay while efforts are ongoing to 

demonstrate the cost-effectiveness of any interventions to improve the use of warfarin. It is 

important to note there has been no new class of oral anticoagulants for over 50 years until 

dabigatran was approved. There is a clinical need for new oral anticoagulants like 

dabigatran, which are less problematic for patients to take than warfarin. The Review needs 

to consider the patient-relevant issues in addition to the clinical and safety benefits for 

dabigatran. Given the significant clinical need, new stroke prevention medicines like 

dabigatran are needed now, rather than subject to delayed access.  

Dabigatran etexilate is a direct thrombin inhibitor which received approval for the prevention 

of stroke or systemic embolism in patients with non-valvular atrial fibrillation (NVAF) from the 

Therapeutic Goods Administration (TGA) in April 2011. This followed the results of the 

18,000 patient RE-LY study, comparing two doses of dabigatran (110 mg and 150 mg) taken 

twice daily with well controlled, dose-adjusted warfarin in patients with NVAF at moderate-to-

high risk of stroke. Dabigatran received a positive recommendation from the Pharmaceutical 

Benefits Advisory Committee (PBAC) in March 2011, and has received approval for stroke 

prevention from over 50 regulatory agencies globally, including major markets such as the 

US, Canada, and the UK. To date, over half a million atrial fibrillation patients around the 

world have been treated with dabigatran for the prevention of stroke. Dabigatran is listed on 

the PBS for the prevention of venous thromboembolism following hip or knee replacement 

surgery. Further information on dabigatran can be found in the approved Product Information 

(Appendix A). 

Clinical need for new anticoagulants 

Patients with atrial fibrillation (AF) are at an increased risk of stroke. Strokes experienced by 

these patients are severe, and result in high rates of mortality and functional disability. Of all 

hospitalised ischaemic strokes 25% are AF related, with a mortality rate of around 20% at 30 
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days post stroke. The cost of strokes in patients with AF is estimated at around $400 million 

per year.   

Despite several extensive educational campaigns by bodies such as the National 

Prescribing Service (NPS), over 20% of patients with moderate-to-high stroke risk do not 

receive any stroke prevention medicines. Many moderate-to-high risk patients receive 

aspirin even where warfarin is indicated. A recent clinical audit conducted by the National 

Stroke Foundation reported that 70% of patients admitted to hospital as a result of an AF-

related stroke were not receiving any anticoagulant. Only 34% of those patients admitted for 

a recurrent stroke were taking an anticoagulant. This is consistent with overseas data. 

Reasons for underuse of anticoagulants includes the narrow International Normalised Ratio 

(INR) range for warfarin and the resources needed to keep patients controlled, the 

inconvenience of regular monitoring, the fear of catastrophic bleeding, poor patient 

compliance, the complicated dosing and titration of warfarin with multiple strengths taken 

concurrently, as well as drug and food interactions. There is clear evidence that a significant 

clinical unmet need exists for effective, well tolerated anticoagulants that are easier to 

manage than warfarin, particularly due to the high proportion of patients who remain 

untreated or are on suboptimal treatments. This appears to be even more important in rural 

and regional areas where the use of warfarin is very low.  

Positive PBAC recommendation for dabigatran 

The PBAC at its March 2011 meeting recommended the listing of dabigatran as an Authority 

(streamlined) item for the prevention of stroke or systemic embolism in patients with non-

valvular atrial fibrillation who are at moderate-to-high risk of developing stroke or systemic 

embolism as evidenced by one or more risk factors. Further information on the PBAC‟s 

evaluation of dabigatran can be found in the Dabigatran Public Summary Document 

(Appendix B). 

The evaluation of medicines to establish cost-effectiveness by the PBAC is widely regarded 

as one of the most rigorous health technology assessment processes in the world. In 

establishing the cost-effectiveness of medicines for the Australian public the PBAC 

undertakes a thorough review of clinical and economic data to establish the effectiveness, 

and cost-effectiveness of medicines proposed for listing. In making its recommendations the 

PBAC has the option to recommend listing, to reject a listing or to defer a decision. Under 

the National Health Act (1953), the PBAC has to consider the “effectiveness and cost of 

therapy” and has to be satisfied that the new medicine provides a significant improvement in 

efficacy or a reduction in toxicity over alternative medicines.  
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In 2011, the PBAC rejected over 40 submissions and deferred around 8 submissions. The 

commonly cited reasons for a rejection include uncertain clinical need, uncertain cost-

effectiveness, uncertain clinical benefit, and uncertain clinical place of therapy. Reasons for 

deferrals have included the need for further discussions with sponsors or clinicians, and to 

seek advice from Medicare Australia to implement a listing. If the Committee believed that 

there were any reasons to reject or to defer the listing of dabigatran then it would have made 

that recommendation as it is able to under the Act. It is not unusual for the PBAC to also 

comment on other issues for consideration when recommending a new medicine for listing. 

Any wider issues considered for dabigatran were not considered sufficient to lead to a 

rejection or a deferral by the PBAC. It is clear that the PBAC was satisfied that dabigatran 

met all requirements, including cost effectiveness, to allow it to be listed on the PBS, and 

made its recommendation accordingly. The PBAC noted in the minutes from its March 2011 

meeting, “dabigatran represents a safe, efficacious and cost effective therapy for „at risk‟ 

patients with atrial fibrillation for the reduction of stroke and systemic thromboembolism. 

These reductions represent important reductions in morbidity, and can be expected to result 

in mortality reductions.” 

Impact on patients with non-valvular atrial fibrillation 

The vast majority of patients with atrial fibrillation are likely to be seniors (on concessional or 

veteran benefits) and will therefore be the least able to afford the cost of dabigatran while it 

is not listed on the PBS. Thus, the decision to delay the listing of dabigatran 

disproportionately affects the most vulnerable patients. Consequently, many of these 

patients will remain at high risk of stroke; especially those who are treated with less effective 

stroke prevention medicines such as aspirin and clopidogrel, those unable to be controlled 

on warfarin, or the significant proportion that remain untreated due to no other treatment 

options being available. Patients currently treated with warfarin who may be prescribed 

dabigatran will also benefit from a reduced risk of stroke and lower risk of serious bleeding 

events such as intracranial haemorrhage. 

Stroke prevention treatment is individualised for each patient based on the balance of stroke 

and bleeding risk. There is no justifiable reason to restrict the population eligible for 

dabigatran based on a higher stroke risk profile or a need to take and fail on other stroke 

prevention treatments before being eligible for dabigatran. Any such recommendation by the 

Review would in essence lead AF patients to unnecessarily experience poor health 

outcomes before being eligible for dabigatran, which has already been deemed to be a cost-

effective first-line treatment for patients at moderate-to-high risk of stroke by the PBAC. 
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Safety Advisory Alerts for dabigatran 

The background to the Terms of Reference for the Review states that there have been 

Safety Advisory Alerts issued by the TGA for dabigatran to highlight bleeding-related 

adverse events and renal monitoring requirements. It is important to note that Safety 

Advisory Alerts are commonly issued by the TGA for new medicines, with over 50 alerts 

issued in 2011. The TGA is the appropriate regulatory body to evaluate the adverse events 

of all medicines. As the TGA has noted, the purpose of these reports is to advise 

consumers, health professionals and industry about new safety information and that an alert 

does not necessarily mean that a product is considered to be unsafe. The TGA has noted (3 

November 2011) that as more patients commenced on dabigatran a corresponding increase 

in the number of bleeding-related adverse event cases were reported. The TGA also noted 

that in clinical trials for stroke prevention in atrial fibrillation, there was a lower risk of 

bleeding with dabigatran compared to warfarin. The second Safety Advisory Alert (3 

November 2011) reinforces the importance of assessing kidney function to minimise the risk 

of bleeding. This alert was issued following the action by the company to voluntarily request 

an update to the approved Product Information to highlight this advice. This information was 

also proactively communicated by the company to healthcare professionals. These TGA 

reports as well as post-marketing data from around the world are discussed in further detail 

in this submission. The types of adverse events observed for dabigatran are consistent with 

those outlined in the approved Product Information. Most of the reports in Australia have 

been actively reported by the company as our representatives and other employees 

frequently interact with prescribers participating in the Product Familiarisation Program. In 

summary, these alerts identify the types of adverse events reported to the TGA, which are 

outlined in the approved Product Information, and reinforce that patients should be selected 

for treatment based on guidance in the approved Product Information. 

Anticoagulants by nature increase the potential for bleeding. Intracranial haemorrhage is one 

of the most feared consequences of treatment with warfarin, and one of the main reasons for 

its limited use. In RE-LY, dabigatran significantly reduced the risk of intracranial 

haemorrhage by up to 70%, as well as significantly reducing the risk of life-threatening 

bleeding compared to warfarin. The higher 150 mg dose of dabigatran (taken twice daily) 

significantly increased gastrointestinal bleeding (GI) while the 110 mg dose (taken twice 

daily) had a similar level of GI bleeding and significantly less major bleeding than well 

controlled warfarin. The net clinical benefit in terms of stroke reduction and bleeding for 

dabigatran was superior to warfarin, and led to registration in over 50 countries. Since 

dabigatran has become available around the world, Boehringer Ingelheim has closely 

monitored and regularly shares the latest adverse event data with agencies such as the 
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TGA. With any new medicine, healthcare professionals would be expected to be particularly 

vigilant with regards to adverse events. Since launch the adverse events reported for 

dabigatran are consistent with what would be anticipated from the extensive clinical trial 

program.  

Boehringer Ingelheim has taken a very proactive approach both with healthcare 

professionals and regulatory authorities to advocate appropriate prescribing, through 

appropriate patient and dose selection, and reporting of adverse events. While much rigour 

is being employed in the monitoring of dabigatran there is sparse high quality data to assess 

the impact of adverse events due to warfarin in Australia, as noted recently in Parliament. 

The submission discusses recent overseas data to demonstrate that warfarin is a leading 

cause of hospitalisations for adverse drug events in the US, accounting for one third of all 

drug-related hospitalisations. Vitamin K antagonists are the second most common cause of 

hospital admissions for drug reactions in the UK. Similar research data is not readily 

available in Australia, but there is no reason to believe that the data would differ. In 1999, it 

was estimated that warfarin-related hospitalisations cost the health budget around $100 

million per annum. This cost is likely to be much higher now. 

Boehringer Ingelheim has undertaken an extensive program of educational activities for 

general practitioners, a wide range of specialist physicians, pharmacists and patients to 

encourage the quality use of medicines. These initiatives, including examples, are discussed 

in detail in this submission. 

Interventions to improve the use of warfarin  

Boehringer Ingelheim supports the evidence based approach advocated by Government 

through the established PBAC evaluation process. We also support that the current Review 

should be evidence based. The RE-LY study, which found a significant reduction in key 

clinical outcomes such as haemorrhagic stroke, intracranial haemorrhage and other bleeding 

events when patients were followed for up to 36 months, is regarded as high level clinical 

evidence, and forms the basis of the cost-effectiveness evaluation undertaken by the PBAC. 

Data from RE-LY is directly applicable to the Australian population. The time-in-therapeutic 

range (TTR) from RE-LY (mean TTR of 64%) is comparable to studies of Australian clinical 

practice (range in TTR of 50-69%). This is further discussed in the submission. The cost-

effectiveness of interventions such as community-based education, point-of-care testing, 

home medication reviews, anticoagulation clinics, and pharmacogenetic testing need to be 

evaluated thoroughly to demonstrate efficient health outcomes. This evaluation has to be 

considered in the context of the forgone health outcomes by delaying the listing of cost-

effective medicines such as dabigatran. 
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This submission presents a systematic review of the literature in order to identify 

interventions which could be used to improve the use of anticoagulants in the Australian 

clinical setting. This included new strategies for anticoagulant management as well as 

methods of optimising existing models of care and currently available interventions. The 

systematic literature review was conducted in order to identify all Australian studies which 

met these criteria. The effectiveness of these interventions is presented and discussed in 

detail in this submission. A review of the international literature was also conducted.  

Only one intervention has been formally assessed in Australia: point-of-care testing. This 

was assessed by Medical Services Advisory Committee (MSAC) in 2005 and was not 

considered cost-effective. The other interventions identified in the literature search had 

varying levels of clinical effectiveness and cost effectiveness. The trials were generally lower 

level evidence (i.e., there were few randomised controlled trials) and were of short term 

duration. This is particularly relevant given the chronic nature of treatment in AF patients. 

The short term improvements in outcomes seen in some studies may not be maintained over 

the longer term. The outcomes assessed in the trials were generally not patient relevant, 

typically assessing intermediate outcomes such as INR control rather than clinically relevant 

outcomes such as strokes and bleeding events. The international evidence is confounded by 

the differences in health care systems. Interventions which are effective overseas may not 

be as effective in the Australian clinical setting, highlighting applicability issues. Strategies 

such as anticoagulation clinics, for example, would need to be piloted and evaluated in 

Australia prior to being introduced nationally so that optimum continuum of care could be 

ensured. It is not appropriate to recommend any intervention to improve warfarin‟s use that 

has not been evaluated to the same rigorous level and evidence based evaluations 

undertaken by the PBAC. 

In terms of interventions studied in Australia, although some hospital based interventions 

may be beneficial at the level of an individual hospital, they do not address the issue of 

achieving and sustaining a longer term therapeutic INR. There was no evidence that 

community prescriber training improved INR control and limited evidence that it could 

improve the rate of warfarin prescribing for patients in which it was appropriate. The overall 

evidence indicates that point-of-care testing is less effective than laboratory testing. There 

was a reduction in bleeding outcomes associated with home medication reviews and patient 

education; however the interventions were assessed over a limited time period.  

The key limitation of the literature is the lack of long-term data assessing clinically relevant 

outcomes. An important difference between medicines and interventions is that the impact of 

an intervention often attenuates over time, as demonstrated in some studies. This is not 

unexpected given that these interventions often require a change in behaviour or additional 
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clinical processes, which if not reinforced may not be effective. Data from a study may 

represent the best practice, with data collected while prescribers and patients are being 

monitored and reminded of the intervention being assessed. This is particularly relevant in 

the studies discussed in the submission, which were all unblinded and suffer from selection 

and other biases. It is therefore likely that the clinical benefits described in the publications 

would not be as large if an intervention was introduced to all prescribers and patients in 

Australia. 

An additional limitation is the accessibility issues associated with implementing these 

interventions, particularly if introduced in preference to medicines which are available 

through all pharmacies in Australia. In contrast, not all prescribers or pharmacists are willing 

or able to provide the additional services required for the interventions. This is most strikingly 

demonstrated by the low uptake of Government funded home medication reviews (HMRs). A 

report commissioned by the Department of Health and Ageing to evaluate the HMR program 

concluded that less than 10% of general practitioners participated in the program. There is 

also evidence presented in the submission that some interventions are only applicable to a 

subset of patients prescribed warfarin.  

In terms of the costs of implementing the interventions, it is important to note that the costs 

presented in this submission are additional to the costs of warfarin and in most cases 

monitoring costs. The costs are conservative in that many costs associated with the 

implementation of the programs are not accounted for (e.g., costs of pilot programs, 

administration costs, costs of reviews). Some programs, such as the introduction of 

specialised anticoagulation clinics would need to be trialled in Australia before being adopted 

given the significant differences in Australian treatment practices and geography compared 

to the overseas environments in which they have previously been operated. 

In summary, evidence for the efficacy of dabigatran comes from a high quality clinical trial 

which found a significant reduction in key clinical outcomes such as ischaemic and 

haemorrhagic strokes, and bleeding events when patients were followed long term. In 

contrast, there is no evidence that any intervention assessed to date is associated with a 

significant long-term improvement in clinically relevant outcomes. While the absolute cost of 

many of these interventions may appear lower than that for new oral anticoagulants, making 

health care decisions based purely upon budget impact is not reasonable. Inefficient 

spending on interventions that are not cost-effective represents poor investment in the 

delivery of health outcomes. There is no evidence of acceptable cost-effectiveness for any of 

the warfarin interventions discussed in the submission.  
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There are also significant barriers to ensuring that any intervention is available to all warfarin 

patients. Any intervention aimed at improving warfarin‟s use will most likely only be 

appropriate for some patients. Therefore, any recommendation for patients to undertake an 

intervention to improve warfarin‟s use prior to gaining access to new medicines like 

dabigatran would place some patients at higher risk of developing poor health outcomes 

such as stroke and bleeds, while establishing which patients improve on the intervention. 

These issues, as well as the cost-effectiveness of interventions must be considered when 

evaluating the relative merits of warfarin interventions. This and the clinical need for new 

stroke prevention medicines means that it would be unacceptable for all patients to also wait 

until cost-effectiveness can be demonstrated for any of the interventions for warfarin 

patients, before access is permitted. High quality evidence for medicines such as dabigatran 

exists, demonstrating cost-effectiveness over current medicines such as warfarin and 

aspirin. The implementation of any intervention throughout Australia also needs to be 

considered especially in rural and remote areas where warfarin use is lowest. Furthermore, 

the vast majority of patients with AF are likely to be seniors who are least likely to be able to 

afford the cost of dabigatran while it remains unlisted on the PBS. In failing to recognise the 

PBAC‟s recommendation the Government is creating a division between those who can 

afford new, effective stroke prevention medicines and those who are left vulnerable. 

Issues raised in Parliament 

The Government has noted several reasons that led it to initiate the Review. It is important to 

note that the PBAC has considered all the relevant matters to enable the Committee to 

recommend the listing of dabigatran on the PBS. This submission presents a systematic 

review of the warfarin interventions as well as an estimation of some of the direct costs 

involved. While some interventions have a low cost as a one-off intervention, for example 

education, to truly consider any of the interventions as representing value for money, a 

detailed cost-effectiveness analysis is required. There is no evidence that any of the 

interventions represent cost-effective options. The Government has also noted that 

dabigatran will cost $1 billion over the forward estimates (over five years). This statement is 

misleading as it ignores the costs associated with the reductions in strokes, major bleeds, 

and the use of medicines such as warfarin and aspirin as well as the ongoing monitoring 

costs for warfarin. This also ignores the wider indirect costs such as productivity costs 

forgone or carer costs associated with caring for patients disabled by stroke. This also 

ignores the chronic nature of treatment of stroke prevention, which is similar to the treatment 

of other important risk factors such as the treatment of hypertension and elevated lipids. 

Over the past five years the Commonwealth has spent around $8 billion on antihypertensive 

medicines and lipid-lowering medicines. Since dabigatran is the first to be approved for PBS 
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listing, the costs to the Commonwealth will be capped to an agreed level that will be shared 

by all subsequent entrants. Finally, the Government has raised the issue of safety concerns 

for dabigatran. This is discussed above and in detail in the submission. Boehringer 

Ingelheim remains concerned that safety is being used as a reason for this review. As noted 

above the TGA is the appropriate regulatory agency to consider safety. 

Policy implications 

It is unprecedented that following rigorous evaluation of dabigatran by the PBAC, through a 

well established process, the Government should decide to initiate an additonal review. In 

essence the Government has initiated a review of its own highly respected health technology 

evaluation process. This establishes a dangerous precedent for all future medicines 

submitted for PBAC evaluation in that the Government can impose a review of a positive 

recommendation from the PBAC before the listing of a new medicine on the PBS.  

The Government decision to initiate the Review, despite the recommendation of the PBAC, 

is another form of politicisation of the reimbursement process, following from the deferrals of 

several drugs in early 2011. The delaying of new medicines for financial reasons is poor 

policy and will adversely impact the health of Australians. This is also contrary to the 

National Medicines Policy as it withholds affordable access to patients and impacts the 

viability of the industry. The aim of this policy is to improve the health outcomes for all 

Australians. In its submission to the Senate, Deakin Health Economics noted “...it could be 

argued that when the PBAC makes a determination that a drug is cost-effective, this means 

that it can be expected that the returns (in terms of impact on the overall economy from 

gains in the health of the population) justify the investment....the decision to defer the listing 

of drugs that have been accepted to be superior to the alternatives currently available and 

that have been accepted as representing value for money, is therefore perplexing.” The 

decision to delay the listing of dabigatran pending further review is no different to the PBS 

deferrals of last year. It is just an evolution of a policy deemed to be unacceptable by all 

stakeholders except the Government. 

The Government‟s decision to delay the listing of dabigatran will lead to poor health 

outcomes in many patients especially those who will experience stroke as a result of the 

delayed listing. There is no justifiable reason to delay the listing of dabigatran while the 

Government considers the benefits of improving the use of warfarin. The Government‟s 

decision to delay the listing until this Review is complete and has issued a report that is 

considered by the PBAC, and again by Government, is also placing significant additional 

hurdles on sponsors such as Boehringer Ingelheim to provide Australians with affordable 

access to new medicines. 
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2. CLINICAL NEED FOR NEW STROKE PREVENTION 
MEDICINES 

Atrial fibrillation (AF) is a cardiac arrhythmia characterised by uncoordinated atrial 

activation with consequent deterioration of mechanical function. Dabigatran is used to 

prevent stroke or systemic embolism in non-valvular atrial fibrillation (NVAF) in patients at 

moderate-to-high risk of stroke. This submission will use the terms AF and NVAF 

throughout. Warfarin and aspirin are not restricted for use for any indication. AF is 

associated with a hypercoaguable state and a predisposition to thrombus formation.  

AF is estimated to have a prevalence of around 2% of the population (Sturm et al 2002). 

The prevalence of AF will increase over time as the Australian population ages. AF is the 

leading cause of ischaemic stroke and AF patients have an approximate five-fold risk of 

stroke compared to those in sinus rhythm (Wolf et al 1991). Many patients only have AF 

diagnosed once they suffer a stroke or systemic embolism. Atrial fibrillation is the third 

most common risk factor for developing stroke (National Stroke Foundation 2011). 

The majority of strokes in the presence of AF result from haemostasis in the left atrium 

leading to thrombus formation and embolism. The strokes experienced in AF patients are 

severe and have high rates of mortality and functional disability (Lin et al 1996). Strokes 

in patients with AF are more likely to affect the cerebral cortex, the part of the brain most 

directly responsible for consciousness, with essential roles in perception, memory, 

thought, and mental ability. 

Gattellari found that 25% of all hospitalised ischaemic strokes are AF related. Australian 

patients with AF were significantly more likely to die from their stroke at 30 days (19.4% 

versus 11.5%, respectively), at 90 days (20.9% versus 15.8%, respectively), and at 365 

days (38.5% versus 22.6%, respectively) than those without AF. Patients with AF 

accessed more in-hospital rehabilitation than those without AF (p<0.0001). 90-day stroke 

survivors with AF spent an average 21.5 days in hospital versus 16.6 days in those 

without AF (Gattellari et al 2011). Recurrent strokes are also more common in patients 

with AF.  

The costs and Quality Adjusted Life Year (QALY) burden of stroke 

The National Stroke Foundation (2011), estimated that there will be around 60,000 

strokes in Australia in 2011 and that the cost of stroke is $2.14 billion. Around $400 

million in stroke costs each year will be due to strokes in patients with AF. AF imposes a 

significant economic burden on the Australian population, including direct healthcare 
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costs and indirect costs such as lost productivity. Average QALY losses for first-ever 

stroke were estimated at 5.09 for ischaemic stroke and 6.17 for intracerebral 

haemorrhage (Cadilhac et al 2010). 

Cadilhac estimated the direct five-year costs (2004 figures) for first-time stroke to be 

$57,106 and $49,995 for ischaemic stroke and intracerebral haemorrhagic stroke, 

respectively (Cadilhac et al 2009).  

Stroke prevention medicines listed on the PBS and the need for new 

treatments 

On the PBS the main medicines used in the prevention of stroke for NVAF patients are 

aspirin and warfarin. Clopidogrel is used off label. However, this will not be considered 

any further in this submission for the Review since the PBAC did not assess it as a 

relevant comparator. In terms of the currently listed drugs on the PBS, low risk patients 

are treated with aspirin. Moderate-to-high risk patients are treated with warfarin or aspirin. 

The decision to treat a patient is made on an individual patient basis, with the treating 

clinician balancing the risks and benefits of warfarin versus aspirin. Moderate-to-high risk 

patients can be prescribed warfarin. Any patients who are eligible for warfarin therapy, 

but are contraindicated to it, receive aspirin or remain untreated. The key guidelines 

available overseas are discussed in Section 3. All these guidelines now include the use of 

dabigatran for moderate-to-high risk patients.  

While the Review will largely focus on warfarin and interventions to improve its use, asper 

the Review Terms of Reference, it is important for the Review to also consider the high 

proportion of patients on aspirin which is much less effective than warfarin, as well as the 

proportion of patients receiving other medicines off-label and particularly those who 

remain untreated. The submission to the PBAC for dabigatran used a conservative 

proportion of 50% of patients on warfarin and 50% on aspirin. In addition, the main 

sensitivity analysis assessed 40% on warfarin; 40% on aspirin and 20% on no treatment. 

These proportions are very conservative. These proportions for the year ending in 2011 

would equate to around 127,000 patients on warfarin, around 127,000 patients on aspirin, 

and around 64,000 untreated patients with a diagnosis of NVAF. Note these patient 

numbers exclude those with low risk of stroke and those with valvular AF, with the 

prevalence based on Sturm et al, 2002. The proportion of untreated patients in Australia 

is likely to be much greater than 20% as will be discussed below. If the Government is 

genuine about improving the health outcomes of Australians with NVAF then it would not 

delay the listing of dabigatran as the clinical need for newer stroke prevention medicines 



CLINICAL NEED FOR NEW STROKE PREVENTION MEDICINES 

PAGE 12  BOEHRINGER INGELHEIM SUBMISSION TO THE ANTICOAGULATION REVIEW 2012 

is great, with many patients untreated or on sub-optimal treatments such as aspirin 

despite being eligible for warfarin. 

Warfarin 

Warfarin is an efficacious antithrombotic drug, but is associated with a number of issues 

which limit its effective use. These include its narrow therapeutic range, high rate of 

adverse events, the inconvenience of frequent monitoring, and many drug-drug and drug-

food interactions. Consequently, a significant proportion of eligible AF patients do not 

receive appropriate therapy which will be discussed below. 

Warfarin is a vitamin K antagonist (VKA) which causes an anticoagulant effect by 

inhibiting synthesis of four vitamin K-dependent clotting factors: II, VII, IX and X. Warfarin 

has been available for more than 50 years, and has a well known efficacy and safety 

profile. A meta-analysis of 29 published randomised trials of 28,044 patients with NVAF 

described the efficacy and safety of currently available antithrombotic agents for stroke 

prevention (Hart et al 2007). Compared with placebo or no treatment, warfarin (six trials, 

2,900 participants) reduced the risk of stroke by 64%. In comparison, aspirin reduced the 

risk of stroke by 21%.  

Narrow therapeutic margin of warfarin  

A major disadvantage of warfarin is its narrow therapeutic margin. The intensity of 

anticoagulant therapy is measured using INR (International Normalised Ratio). For stroke 

prophylaxis in patients with AF, the recommended target INR range is 2.0 to 3.0. In order 

to achieve a balance between optimising the therapeutic effect and minimising the risk of 

serious adverse events such as bleeding, patients must have their INR monitored 

regularly in order to ensure the INR is maintained within this range. Warfarin is only 

effective within a relatively narrow therapeutic margin: under-anticoagulation increases 

the risk of stroke and over-anticoagulation increase the risk of bleeding, including 

intracranial haemorrhage (ICH). The relationship between INR and stroke and intracranial 

bleeding is shown in Figure 1. 
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Figure 1 Relationship between anticoagulation intensity (INR) and risk of 
ischaemic stroke or intracranial bleeding 

 

Source: Fuster et al 2006 

The risks associated with poor INR control are particularly relevant as it is well 

established that the degree of INR control is highly variable across patients receiving 

warfarin. The level of INR control in Australia will be discussed in more detail below. 

One of the reasons for poor INR control is that patients are often on warfarin while they 

are in hospital. INR is often poorly controlled at hospital discharge, which may reflect the 

trend for early hospital discharges (Jackson et al 2004d). Jackson found that found that 

33% and 26% of patients in usual care were in the sub-therapeutic or supra-therapeutic 

range, respectively. Another Australian study reported that when 62% of patients were 

discharged from hospital, their INR was outside of the therapeutic range (Bereznicki et al 

2007). 

A number of factors affect the ability to maintain INR within the target therapeutic range. 

These include i) variable response of patients to warfarin, ii) warfarin has many drug-drug 

and drug-food interactions and iii) a complex dosing regimen, requiring patient education 

as well as increasing the risk of overdose or under-dosing. 
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INR monitoring and dose adjustments 

As the dose-response relationship with warfarin is unpredictable, the recommended 

initiation dose for oral anticoagulation is between 5 mg and 10 mg for the first 1-2 days for 

most patients, with subsequent dosing based on the INR response. Warfarin is available 

in four strengths (1mg, 2 mg, 3mg and 5 mg); many patients have to take multiple 

strengths at the same time so that their INR is controlled. The inter-individual variability of 

response to warfarin and the multitude of patient-specific factors influence the 

anticoagulant effect, therefore dosing needs to be titrated.  

Intensive INR monitoring is required for the duration of therapy to ensure that 

anticoagulation is maintained within the recommended target therapeutic range. Testing 

is required several times a week (often daily) at the start of therapy until the target INR 

has been achieved and maintained for at least 2 consecutive days; then two or three 

times weekly for 1 to 2 weeks; and may be reduced gradually to once every 3-4 weeks 

during the maintenance phase once the INR is stabilised. If dose adjustments are 

required during the maintenance phase, monitoring should be increased until INR is 

stable. 

Visits to pathology labs and/or general practitioners for coagulation monitoring can be 

inconvenient for many patients and represents a significant burden and barrier to 

effective treatment. Monitoring requirements also impose a considerable financial burden 

on the patient in terms of time and travelling costs (Jowett et al 2008). In addition to the 

unpredictable anti-coagulation effects offered by warfarin, the burden of monitoring can 

lead to poor adherence to warfarin. This creates a major source of unstable 

anticoagulation control, resulting in sub-optimal stroke prevention and an increased risk 

of warfarin-related adverse events, most importantly, haemorrhagic events. There is a 

significant clinical need for alternatives to warfarin which do not require intensive 

monitoring.  

Warfarin related adverse events 

Warfarin is commonly associated with adverse drug reactions, many of which require 

hospitalisation, and some of which are fatal. Vitamin K antagonists (VKAs) are the most 

common medications causing emergency department visits for adverse drug reactions in 

the US, causing 17.3% of all such visits (Budnitz et al 2007). Warfarin is also the leading 

cause of hospitalisations for adverse drug events in the US (20 hospitalisations per 

10,000 medication visits), representing around one-third of all drug-related 
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hospitalisations (Budnitz et al 2011). VKAs are the second most common cause of 

hospital admissions for adverse drug reactions in the UK (Pirmohamed et al 2004).  

The adverse events caused by warfarin result in an economic burden to the Australian 

healthcare system. Rigby et al (1999) estimated adverse events caused by warfarin to 

cost Australia over $100 million (at 1999) per annum in direct hospital costs alone. The 

authors noted that this was the second most costly cause of adverse events in Australia.  

Haemorrhage risk associated with warfarin 

The bleeding risk for warfarin is much higher in clinical practice where INR is less likely to 

remain in the therapeutic range. Van Walraven et al (2007) conducted a retrospective 

cohort study in eastern Ontario using population-based administrative databases to 

measure the proportion of serious haemorrhagic and thromboembolic events that would 

be avoided if anticoagulation was perfect. During the study period, totalling 6,422 years of 

exposure time, patients on anticoagulant therapy spent 14.2% of the time with INR values 

>3. The population-attributable risk of critically high anticoagulation intensity for serious 

haemorrhagic events was 25.6% in patients who had received anticoagulation therapy 

and 2.0% in the entire elderly population. This would translate into an annual decrease of 

67 serious haemorrhagic events in eastern Ontario alone if the time spent with a critically 

high INR was avoided. Similarly, the population-attributable risk of critically high INRs for 

lethal haemorrhages was 28.1% and 1.8% for the anticoagulated and entire population, 

respectively. Bereznicki noted that based on these Canadian data, 2,500 hospital 

admissions for bleeding and thromboembolic events could be avoided in Australia if INR 

control was improved (Pharmaceutical Society of Australia 2009). 

The most important haemorrhagic complication is intracranial haemorrhage (ICH). This is 

the main bleeding outcome that can result in deficits greater than those produced by the 

ischaemic strokes (i.e., the outcome that warfarin treatment aims to prevent) (Singer et al 

2008 and Fang et al 2007). The severity of ICH compared with other bleeding outcomes 

such as extracranial haemorrhage was described in Fang et al 2007, where 76% of 

patients with ICH had a severe disability or died, compared with 3% of those with 

extracranial haemorrhage. The majority of deaths and disabilities among patients with a 

warfarin-associated haemorrhage were due to ICH (88%). ICH was found to represent 

5.6% of warfarin-related hospitalisations (Budnitz et al 2011). Out of 1,053 bleeding-

related hospitalisations in 871 Australian patients, approximately 15% were cerebral 

bleedings (Vitry et al 2011).  
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Compared to warfarin, dabigatran 110 mg had a relative risk (RR) of 0.30 (0.19, 0.45) 

and dabigatran 150 mg RR 0.41 (0.28, 0.60) for intracranial haemorrhage (Connolly et al 

2010). Given the significant impact of dabigatran on intracranial haemorrhage, it is very 

disappointing that Australian patients are missing out on cost-effective medicines such as 

dabigatran. 

It is difficult to determine the bleeding risk for an individual patient. It depends on the 

intensity of the anticoagulant effect, the patient characteristics or comorbid conditions, the 

concomitant use of drugs that interfere with haemostasis and the length of time the 

patient has been on warfarin therapy (Schulman et al 2008). Once any clinically 

significant bleeding is observed, the need for ongoing anticoagulation therapy needs to 

be carefully reassessed.  

Rural use of warfarin and anticoagulation control 

Warfarin use appears to be lower in rural and regional areas. In a study of five 

Queensland hospitals (Read and Levy 2005), there were startling differences in the 

proportions of AF patients discharged on warfarin treatment (metropolitan 83.3% versus 

regional 25.0%) and those discharged on no antithrombotic treatment (metropolitan 

16.7% versus regional 33.3%). In a study of 818 Australian veterans, those patients living 

in remote and outer regional areas had significantly lower time in therapeutic range (TTR) 

than veterans living in regional and metropolitan areas (49.9% versus 65.3%, p< 0.01) 

(Bereznicki et al, 2011). Similar findings were reported in the US with patients in 

metropolitan areas more likely to receive antithrombotic therapy than those in rural areas 

(58% versus 47%, respectively) (Flaker et al 1999).  

Underutilisation of anticoagulants in AF  

Warfarin remains underutilised despite its efficacy in AF patients with an elevated risk of 

stroke and decades of experience in clinical use. The National Health and Medical 

Research Council has highlighted the underuse of anticoagulants such as warfarin noting 

“the number of recent Australian publications on the underuse of anticoagulation in stroke 

prevention points to a growing awareness of this evidence-practice gap among health 

services researchers” and “this particular evidence-practice gap remains a challenging 

one because it involves balancing competing risks. We need to know more about the 

reasons why warfarin is under-prescribed from both the perspective of at-risk patients 

and clinicians. Patients and health professionals often experience uncertainty and 

frustration about the information available to help them with day-to-day warfarin 

management” (National Institute of Clinical Studies 2008). The underutilisation of warfarin 
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has also been highlighted by the National Prescribing Service (NPS) in its educational 

intervention to improve warfarin‟s use (Mandryk et al 2008). It is therefore unacceptable 

that the Government has decided to delay the listing of dabigatran given its own 

researchers have identified on many occasions the underutilisation of anticoagulants in 

patients with atrial fibrillation. 

Bereznicki (2010) in his expert report for the dabigatran PBAC submission noted that 

“despite the proven benefit of anticoagulation for stroke prevention in AF, available data 

show that of those patients with AF and no contraindications to warfarin therapy, only 

about half are prescribed warfarin.” 

The available evidence also suggests a low rate of stroke prevention treatments among 

patients with AF. The National Stroke Foundation (NSF) found that out of all the AF 

patients admitted to hospital for first-time stroke only 30% were receiving any form of 

stroke prevention medicine and for a recurrent stroke only 34% were on an anticoagulant 

(NSF 2011). This evidence again highlights the significant clinical need for new stroke 

prevention medicines such as dabigatran.  

A recent systematic review of 54 studies (Figure 2) found that less than 60% of patients 

with a high risk of stroke were receiving adequate treatment for stroke prevention (Ogilvie 

et al 2010). Ogilvie noted that reasons for underuse of anticoagulants include low levels 

of therapy initiation, the narrow INR range for warfarin, inconvenience of regular 

monitoring, fear of catastrophic bleeding, and patient compliance.  
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Figure 2 Oral anticoagulant usage in high risk patients with AF and prior 
stroke/TIA  

 

Source: Ogilvie et al 2010 

A recent study of patients from a US medical claims database showed that less than half 

of the patients with an atrial fibrillation indication had received warfarin even those 

patients at higher risk of stroke (Zimetbaum et al 2010). Similar results were observed in 

a Canadian study from the Registry of the Canadian Stroke Network with 40% of high-risk 

AF patients on warfarin, 30% on antiplatelets and 29% on no treatment. Of the patients 

on warfarin around 75% were on subtherapeutic INR values (Gladstone et al 2008). 

Jackson et al (2001) reported that only 34% of Australian patients who are considered to 

have a high stroke risk were receiving warfarin (see Table 1).  
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Table 1 Use of anti-thrombotic treatments in patients with NVAF in Australia  

Risk group 
% in 
risk 

group 

% on warfarin (or with 
aspirin) 

% on 
aspirin 

% on no 
treatment 

All 
With no 
contra-

indications 

High risk  

Recommended therapy:  
warfarin (target INR 2.0-3.0) if 
no contraindication) 

79% 34% 43% 42% 24% 

Moderate risk  

Recommended therapy:  
warfarin or aspirin) 

18% 38% na 42% 20% 

Low risk  

Recommended therapy: aspirin 
75–300mg/day) 

3% 8% na 15% 77% 

Source: Jackson et al 2001 

A summary of the proportion of patients on warfarin, aspirin and no treatment from 

Australian studies is presented in Table 2. 
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Table 2 Stroke prevention treatments in AF patients in Australia 

Study Risk  % in risk group 
% 

contraindicated 
to warfarin 

% on warfarin (or with 
aspirin) 

% on aspirin 

% on  

no 
treatment All 

No contra-
indications 

Ang 
1998  

High risk  91% 
32.5% of all 
patients 

a 

28% 37% 41% 31% 

Moderate risk  7% 23% na 62% 15.4% 

Low risk  2% 0% na 33% 67% 

Jackson 
2001  

High risk  79% 39%
b 

34% 43% 42% 24% 

Moderate risk  18% 24%
 b
 38% na 42% 20% 

Low risk  3% Na 8% na 15% 77% 

Kelly 
2001  

High risk  
54% (only those at high risk 
and not contraindicated) 

44% of all patients  na 66% 22% 12% 

Jackson 
2004a 

High risk  78% Na 33% 39% 44% 22% 

Medium risk  15% Na 30% na 41% 30% 

Low risk  7% Na na na na na 

Inglis 
2002 

Not available (na) 
74% of those without heart 
failure at high risk 

Na ~44% na na na 

Jackson 
2011

 

High risk  73% Na 36% 44% 33% 22% 

Medium risk 22% Na 36% na 33% 26% 

Low risk 6% Na 16% na 16% 68% 
a 

At least one documented reason not to prescribe warfarin (e.g., bleeding tendency, alcohol abuse, previous problem, liver disease, cognitive ability, blood dyscrasias, uncontrolled 
hypertension, falls, surgery, allergy). Only non-valvular AF patients were included in Ang et al (1998).  
b
 At least one documented reason not to prescribe warfarin (e.g., recent overt bleeding, bleeding tendency, alcoholism, previous discontinuation, liver disease, blood dyscrasia, refractory 

hypertension). 
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The above studies highlight that many patients at higher risk of stroke are taking aspirin or 

are untreated despite requiring treatment with warfarin. This unnecessarily exposes them to 

an elevated risk of stroke. There is a clear clinical need for newer stroke prevention 

medicines.  

Many prescribers use potential contraindications and the possibility of litigation as reasons 

for poor warfarin prescribing, many are also fearful of prescribing treatments that may lead to 

bleeds such as intracranial bleeds. Gattellari found that 30% of family physicians often were 

not sure whether or not to prescribe warfarin, with 15.8% of family physicians reported 

having an AF patient experience an intracranial haemorrhage with anticoagulation and 

45.8% had a patient with AF experience stroke without prior anticoagulation (Gattellari et al 

2008). The NPS through its educational intervention captured many of the prescriber barriers 

which are presented below in Table 3 (Mandryk et al 2008). For patients, the barriers to 

warfarin treatment include: frequent blood testing, the potential for warfarin adverse events 

and the multiple drug-drug and drug-food interactions leading to dietary and alcohol 

restrictions.  

Warfarin is subject to multiple interactions. It is extensively metabolised by the CYP450 

enzyme system. The absorption or metabolic clearance of warfarin is affected by many drug 

interactions as summarised by Bereznicki (Pharmaceutical Society of Australia 2009). The 

NPS has published a list of possible herbal products that interact with warfarin (NPS 2003). 

Warfarin is also subject to many food interactions. Patients on warfarin need to adhere to 

their normal diets and avoid drastic changes. Foods with high vitamin K content interact with 

warfarin and dosing changes are necessary. Examples of high vitamin K foods include 

beetroot, broccoli, lettuce, cabbage, liver, spinach and edible oils. In contrast, there are no 

dietary precautions for dabigatran. 
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Table 3 Perceived barriers to antithrombotics prescribing a 

 GPs reluctant to cease warfarin and aspirin initiated by specialists 

 GPs find warfarin a difficult drug to manage 

 Resistance of GPs to initiate warfarin when there are dangers of bleeding, and arduous 

monitoring requirements 

 INR monitoring is difficult in some remote areas, and consequently GPs may be reluctant to 

use warfarin 

 Monitoring of INR therapy is time consuming and not renumerated via current government 

policies 

 Problems because NPS guidelines for initiating warfarin differ from some pathology 

laboratories (which manage patients) 

 Warfarin counselling and education is extremely time consuming 

 Some GPs do not consider aspirin very effective 

 Because aspirin is an older, cheaper, OTC drug, it is viewed as being not as good as newer 

products 

 Confusion over aspirin use because of media attention regarding bleeding in the elderly 

 Aggressive marketing of clopidogrel by pharmaceutical companies (pushed quite strongly by 

representatives) 

 High prescribing of clopidogrel by cardiologists 

 Clopidogrel is often started by specialist and GPs were reluctant to change therapy 

 Many GPs think clopidogrel is better than aspirin 

 GPs reluctant to cease dual therapy of clopidogrel and aspirin initiated by specialists 

 Lack of information comparing dipyridamole and clopidogrel for those patients where aspirin 

is not the best therapy 

 Aspirin, clopidogrel and dipyridamole (and combinations) being used in different ways by 

different specialists 

 GPs report conflicting prescribing patterns of antithrombotics by cardiac specialists 

 Specialists often prescribe outside guidelines but GPs have to support such prescribing 

a
 Brief summary list obtained from GP Divisional „Activity Completion Reports‟ to NPS regarding the 

antithrombotics programme (Mandryk et al 2008) 

The above barriers are supported by other Australian researchers. Peterson found that the 

principal barriers to the prescribing of anticoagulants include: active gastrointestinal 

bleeding; previous intracranial haemorrhage; alcoholism; history of daily falls; liver disease; 

severe anaemia and concurrent use of non-steroidal anti-inflammatory drugs (Peterson et al 

2002). Bereznicki et al (2010) noted three main categories of barriers to warfarin prescribing: 

patient (such as age and frailty), physician (including risk of adverse events, labour-

intensiveness of monitoring INR control) and healthcare system-related barriers. 
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The clinical need for new anticoagulants is clear given the high proportion of patients on 

suboptimal treatments or no stroke-prevention at all. 

Consumer views 

Boehringer Ingelheim commissioned an independent market research agency to conduct 

market research of consumer attitudes to treatment options including warfarin and the need 

for additional stroke prevention medicines (see Appendix C). The methodology for the 

research included qualitative in-depth interviews and a focus group with consumers 

diagnosed with atrial fibrillation. The consumers ranged from those currently receiving 

warfarin, those who had received warfarin the past and those not receiving warfarin. This 

latter group may have been receiving other therapies for their AF.  

The second stage of the research involved a larger scale on-line survey of 200 consumers 

(40% female and 60% male) over the age of 50 years with a diagnosis of atrial fibrillation. 

The majority of consumers were aged 55 to 75 years of age with a median age of 67 years. 

Consumers represented all the States and Territories, with NSW, Victoria and Queensland 

the most common States. Only 13% of consumers were not concessional or Veteran card 

holders which is quite representative of current warfarin use on the PBS. Many of the 

consumers had other medical conditions with arthritis, pain, hearing loss as common 

conditions. Around 6% have had a previous stroke with around 14% also reporting a 

previous transient ischaemic attack. 57% of the consumers had their atrial fibrillation 

diagnosed by a cardiologist or other specialist physician and almost 40% by their General 

Practitioner. The majority of consumers had been diagnosed with AF for 5 years or more. 

Consumers that were taking stroke prevention treatments mentioned warfarin and aspirin as 

the most commonly used treatments. 52% of the consumers were on aspirin and 31% on 

warfarin. 15% of consumers surveyed had used warfarin at some stage during their 

treatment for atrial fibrillation but had discontinued its use. Warfarin and aspirin had a high 

level of awareness by consumers with over 85% prompted awareness for each drug in all 

consumers. 

Those consumers who had used warfarin in the past but not currently reported reasons for 

ceasing its use as difficulties in its use including regular monitoring, the need for regular 

dose review as well as bleeding events. This is shown in Figure 3. 

Consumers that had heard of warfarin but never used it gave similar reasons for their lack of 

use, with the primary reasons being concerns about bleeding, the difficulty in using warfarin 

and interactions with other medications and foods. In addition a major reason for non-use 

was that the consumer‟s doctor advised against warfarin use. Other reasons given related 

primarily to doctors not prescribing warfarin for their patients. 
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Figure 3 Consumer research: reasons for not using warfarin 

  

The most important attributes of an anticoagulant reported by consumers were effective 

reduction of stroke and improvement in quality of life. 61% of consumers surveyed 

considered that there was a high or very high need for new alternatives for managing the risk 

of stroke as a result of atrial fibrillation. When prompted for feedback, the consumers noted 

safety concerns, the need for regular monitoring, dietary restrictions, fear of stroke and 

warfarin as being some of the key reasons for the need for new treatments.   

A key issue for consumers in regard to new alternatives is cost. Nonetheless over 70% of 

consumers would speak to their General Practitioner about a new stroke prevention 

medicine such as dabigatran.  

Following the compelling evidence from a similar survey conducted in mid 2011 

demonstrating public opposition to Government deferrals of PBAC recommended medicines, 

consumers were also asked in this research to provide responses on the Government 
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delaying access to a new stroke prevention medicine. Over 80% noted that it would be very 

important to them to make the new medicine available to them on the PBS. Only 16% of 

consumers believed it was appropriate for the Government to delay the PBS listing of a new 

stroke prevention medicine that has been recommended for listing by its own committees. 

This is shown in Figure 4. 

Figure 4 Consumer research: delayed PBS listing 

Knowing that this product has proven treatment advantages over warfarin how 

important would it be to you, for the government to approve access to this product 

through the PBS?  
 

 

 

Reflecting on your answer to the previous question, please rate the appropriateness 

of the decision by the government to delay listing given that its specialist advisory 

committees recommended listing the new product on the PBS?  
 

 

 

 

When prompted for more feedback, it was clear that consumers believed that the 

Government should follow the advice of its own expert committee (Table 4). 
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Table 4 Consumer research: additional feedback on delayed PBS listing 

 The government are a only interested in cutting costs to feather their own nests eg: 

wage rises for themselves.They should support any treatment that can save lives.   

 that is what i think   

 Anything that reduces stroke incidence significantly must be supported   

 any proven drug which provides better outcomes should be on pbs   

 It would help alot of people who take Warafrin   

 if it works better!!!!!   

 Because at my age and income I need all the help I can get. Very selfish reason of 

course.   

 Governments should be accountable for making medicines available to all people 

New products are pushed by the Drug Companies because they are better than the 

others(?) and they are a lot more expensive because only one company is making 

them Most people live on a fixed income    

 We should all be entitled to effective medication at the PBS price particularly if it is 

proven to prevent strokes which will reduce the cost to the government of post stroke 

care   

 a lot of older folk cant afford to pay the full cost up front   

 anything that will improve the heart health of australians should not be held back 

from release   

 yhe government procrastinates   

 needs to be tested fully   

 If it works it should be made available   

 They should list if it is for a better quality of life in people   

 If it is proven it should be made available to keep the aging population out of 

hospitals and nusing homes as a result of strokes   

 I am a pensioner   

 this is what governments do delay to save money   

 This is a very serious condition mainly affecting the elderly. Maybe the governement 
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thinks us oldies are not important enough to look after. I mean this is a common 

complaint I have 2 friends with this condition   

 Because this type of prescription would be so helpful to so many people   

 PBS doesn't care about saving lives, it's all about COST!!   

 i am on a disability pension so i would need it on the pbs   

 I can never understand why they have committees if they don't follow their 

recommendations. Yet they had no problem listing VIAGRA & yet this and other life-

saving drugs are deied it just doen't make sense.   

 some can not aford   

 If it's better and safer it should replace other drugs. I don't know the reason the Govt 

won't list it but I suppose it's financial. Seems like an easy decision to me.   

 If it is superior to existing medication it should be there.   

 Warfarin is not a safe drug for everyone and should be replaced.   

 same    

 If this is a tested and proven medication which will help people with stroke prevention 

then it most certainly should be on PBS - problems with Warfarin have been well now 

for many years, if blood tests to monitor the dose could be shortened then it would be 

obvious to all (except the government) that in the end it would be less expensive and 

more beneficial to patients.    

 Mabey a lot of people can't afford the full price.   

 There are people out there that cannot afford anything above the PBS and therefore 

are left out in the cold when it comes to a new drug like this   

 I don't know   

 it is not appropriate when you consider the wastage by the govt in other areas. surely 

people's health is of more importance  

 

Notes: N = 136. Displaying answers 1 to 20. Text is as provided by consumers. 

In addition, Boehringer Ingelheim has received comments from prescribers that have 

prescribed dabigatran under the Product Familiarisation Program (PFP) as well as those not 

participating in the PFP. These comments are presented in Appendix N (commercial-in-

confidence). It is clear from the comments that there is clinical need for an alternative to 

warfarin and aspirin, many prescribers highlight the difficulties managing warfarin titration, 
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ongoing monitoring and the time taken up to deal with managing warfarin patients. This is 

particularly so in rural and regional areas. Many prescribers focus on the patient-related 

benefits of reduced drug interactions and no drug-food interactions. Many prescribers are 

frustrated with the delay of PBS listing of dabigatran and the actions of the Government. 

Finally Boehringer Ingelheim has also received comments from Australian consumers 

outside of the market research discussed above. These comments are also included in 

Appendix N (commercial-in-confidence). 

Dabigatran 

Dabigatran etexilate is a prodrug that is rapidly absorbed and converted to dabigatran which 

is an oral potent, reversible direct thrombin inhibitor. Dabigatran is available in two capsule 

strengths for the prevention of stroke or systemic embolism in patients with atrial fibrillation, 

110 mg and 150 mg, taken orally twice daily. Dabigatran has a fast onset of action with 

maximum plasma concentrations reached within 0.5 to 2 hours post administration unlike 

warfarin which takes over 36 hours. Dabigatran binds to the active site of thrombin 

inactivating both fibrin-bound and unbound thrombin (Figure 5). By inhibiting thrombin, 

dabigatran prevents the conversion of fibrinogen into fibrin. Dabigatran has a predictable 

anticoagulant effect and does not require coagulation monitoring. It is mainly eliminated by 

the kidneys with urinary excretion accounting for up to 85% of the dose administered 

intravenously. The recommended daily dose is 150 mg twice daily. 110 mg twice daily is 

recommended for patients 75 years and over, those at higher risk of bleeding and potentially 

those with moderate renal impairment.  

Figure 5 Sites of action of new anticoagulants 

 

Source: Hankey and Eikelboom 2011 
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Dabigatran was approved by the PBAC at its March 2011 meeting and the Therapeutic 

Goods Administration (TGA) on 29 April 2011.  

The TGA approved AF indication is as follows: prevention of stroke and systemic embolism 

in patients with non-valvular atrial fibrillation and at least one risk factor for stroke. 

The PBAC recommended dabigatran be listed on the PBS for the indication below on the 

basis of acceptable cost-effectiveness when compared to warfarin and aspirin. The clinical 

evidence for dabigatran versus warfarin is the RE-LY trial a phase III, multi-centre, 

prospective, randomised, open-label, trial with blinded evaluation of all outcomes (PROBE), 

in 18,113 patients (Connolly et al 2009; 2010) and for dabigatran versus aspirin using an 

indirect comparison using a meta-analysis of aspirin trials in AF (Dabigatran Public Summary 

Document, Appendix B). The impact of dabigatran on stroke is clinically significant. For the 

primary outcome of stroke or systemic embolism, when compared to adjusted-dose warfarin, 

the RR for dabigatran 110 mg bid is 0.90 (0.74, 1.10) and for 150 mg bid 0.65 (0.52, 0.81). 

Based on a network meta-analysis and indirect comparisons, when compared to aspirin, the 

RR for dabigatran 110 mg bid for all strokes is 0.52 (0.28, 0.96) and for dabigatran 150 mg 

bid the RR is 0.37 (0.20, 0.69). When compared to no treatment, for all strokes, the RR for 

dabigatran 110mg bid is 0.35 (0.17, 0.71), and for dabigatran 150 mg bid RR 0.25 (0.12, 

0.51) (Roskell et al 2011). These are important results given the high proportions of patients 

on aspirin and the significant proportion that take no stroke prevention treatment in Australia. 

The PBAC recommended listing is as follows: 

Authority Required (STREAMLINED) 

Prevention of stroke or systemic embolism in a patient with non-valvular atrial fibrillation who 

are at moderate-to-high risk of developing stroke or systemic embolism as evidenced by one 

or more of the following risk factors: 

i. Age ≥ 75 years; 

ii. Hypertension; 

iii. Diabetes mellitus; 

iv. Heart failure or left ventricular dysfunction (ejection fraction less than 40%) or 

history of coronary artery disease; 

v. Previous stroke or transient ischaemic attack or systemic embolism. 

The above restriction is consistent with the approved TGA indication as well as the evidence 

presented in the RE-LY trial. There is no justifiable reason to further restrict the eligible 

population based on a higher stroke risk profile or based on the need to take prior stroke 
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prevention treatments before being eligible for dabigatran. Any such recommendation made 

by the Review is in essence leading atrial fibrillation patients to experience poor health 

outcomes before being eligible for dabigatran, which has been deemed to be a cost-effective 

first-line treatment for patients at moderate-to-high risk of stroke. 

Further information on dabigatran can be found in the approved Product Information 

(Appendix A) and the basis for the PBAC recommendation in the Dabigatran Public 

Summary Document (Appendix B). A copy of the submission to the PBAC has been 

provided as commercial-in-confidence (Appendix E). The submission to the PBAC provides 

a detailed presentation of all the efficacy and safety outcomes for dabigatran versus warfarin 

and aspirin. 
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3. INTERNATIONAL STROKE PREVENTION GUIDELINES 

In order to maximise the health outcomes for patients with AF, various expert bodies from 

around the world publish guidelines to promote best clinical practice when treating these 

patients. Several recent updates to such guidelines have considered dabigatran‟s role in 

stroke prevention for AF patients. 

In early 2011 the American College of Cardiology published an update on the management 

of patients with AF, with a specific section relating to dabigatran (Wann et al, 2011). The 

update noted that “both dabigatran doses appeared to be non-inferior to warfarin with 

respect to the primary efficacy outcome of stroke or systemic embolism. In addition, the 150 

mg twice-daily dose was superior to warfarin with respect to stroke or systemic embolism, 

and the 110 mg twice-daily dose was superior to warfarin with respect to major bleeding.” 

With respect to the clinical place of dabigatran the update stated: “patients already taking 

warfarin with excellent INR control may have little to gain by switching to dabigatran. 

Selection of patients with AF and at least 1 additional risk factor for stroke who could benefit 

from treatment with dabigatran as opposed to warfarin should consider individual clinical 

features, including the ability to comply with twice-daily dosing, availability of an 

anticoagulation management program to sustain routine monitoring of INR, patient 

preferences, cost, and other factors.” This final statement clearly demonstrates that 

decisions about anticoagulation therapy are complex and require consideration of multiple 

factors in an individualised patient-physician interaction, of which the anticipated quality of 

warfarin control is only one such issue. 

The European Society of Cardiology (ESC) issued an update to their guidelines for the 

management of AF in 2010 (Camm et al 2010). At the time of publication, the results of the 

RE-LY trial were published, however regulatory approval for dabigatran had not yet been 

granted. Therefore the suggested approach to oral anticoagulation (OAC) was contingent on 

regulatory approval, “should both doses of dabigatran etexilate receive regulatory approval 

for stroke prevention in AF, the recommendations for thromboprophylaxis could evolve as 

follows considering stroke and bleeding risk stratification.” The ESC guidelines also propose 

new risk measurement tools for stroke risk (CHA2DS2-VASc1) and bleeding risk (HAS-

BLED2) where a higher score is correlated with greater risk for both measures. OAC was 

recommended for patients in the highest stroke risk category, while those with a CHA2DS2-

VASc score of 1 had a choice of aspirin or OAC, with OAC preferred (see Figure 6). 1 

                                                
 
1
 CHA2DS2-VASc: Cardiac failure, Hypertension, Age ≥75 (doubled), Diabetes, Stroke (doubled) – 

Vascular disease, Age 65-74 and Sex category (female) 
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Figure 6 European Society of Cardiology suggested approach to 
thromboprophylaxis in patients with AF 

 

The resulting suggestion from the ESC is as follows: “Where oral anticoagulation is 

appropriate therapy, dabigatran may be considered, as an alternative to adjusted dose VKA 

therapy. (i) If a patient is at low risk of bleeding (e.g. HAS-BLED score of 0–2; see Table 10 

for HAS-BLED score definition), dabigatran 150 mg b.i.d. may be considered, in view of the 

improved efficacy in the prevention of stroke and systemic embolism (but lower rates of 

intracranial haemorrhage and similar rates of major bleeding events, when compared with 

warfarin); and (ii) If a patient has a measurable risk of bleeding (e.g. HAS-BLED score of 

≥3), dabigatran etexilate 110 mg b.i.d. may be considered, in view of a similar efficacy in the 

prevention of stroke and systemic embolism (but lower rates of intracranial haemorrhage 

and of major bleeding compared with VKA). (b) In patients with one „clinically relevant non-

major‟ stroke risk factor, dabigatran 110 mg b.i.d. may be considered, in view of a similar 

efficacy with VKA in the prevention of stroke and systemic embolism but lower rates of 

intracranial haemorrhage and major bleeding compared with the VKA and (probably) 

aspirin.” Thus the updated guidelines demonstrate the clinical utility of dabigatran and its 

potential benefits in various AF populations at a moderate-to-high risk of stroke. 

The Canadian Cardiovascular Society (CCS) has also published updated AF guidelines 

subsequent to dabigatran‟s approval in Canada (Cairns et al 2011). The CCS recommends 

dabigatran be used preferentially to warfarin in the majority of patients. “We recommend that 

when an OAC is indicated for stroke prevention, most patients should receive dabigatran in 

preference to warfarin. Possible exceptions would include patients with a propensity to 

dyspepsia, gastrointestinal bleeding, or both and those at substantial risk of coronary events. 

                                                                                                                                                  
 
2
 HAS-BLED: Hypertension, Abnormal renal/liver function, Stroke, Bleeding history or predisposition, 

Labile INR,Elderly (>65), Drugs/alcohol concomitantly. 
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The dose of 150 mg twice a day is preferable to 110 mg twice a day, except in patients of 

low body weight, decreased renal function, or at increased risk of major bleeding.” The 

authors of the CCS guidelines placed a high value on the greater efficacy of dabigatran, 

especially in patients who had not previously been treated with an OAC, and the lower 

incidence of intracranial bleeding with dabigatran while the long safety experience with 

warfarin was less valued. The analysis presented in the dabigatran PBAC submission 

supports this rationale with the impact of strokes (particularly those of a haemorrhagic 

aetiology) on patient morbidity and mortality being much greater than that caused by other 

adverse events. 

The most recently published guideline for the management of stroke prevention in NVAF 

comes from the American College of Chest Physicians (Guyatt et al 2012). Where oral 

anticoagulation is appropriate for NVAF patients the guidelines state, “we suggest 

dabigatran 150 mg twice daily rather than adjusted-dose VKA therapy (target INR range, 

2.0-3.0).” This clear preference for dabigatran over adjusted-dose warfarin echoes the CCS 

guidelines in placing dabigatran as the preferred OAC for most NVAF patients. 

No Australian AF guidelines have been published since the release of the RE-LY results and 

therefore no Australian-specific guidance is available. However the various international 

guidelines all clearly support the use of dabigatran as an appropriate treatment alternative to 

adjusted-dose warfarin in AF patients at moderate-to-high risk of stroke. The guidelines 

consistently highlight that the decision as to which OAC therapy to utilise requires 

consideration of numerous factors including patient age, stroke risk, bleeding risk, 

preferences, comorbidities, OAC history, renal function, concomitant medications etc. 

Overall the guidelines serve to reinforce the role of dabigatran in improving the health 

outcomes of patients with AF. 

The decision to deny Australians with NVAF at moderate-to-high of stroke affordable access 

to dabigatran deprives them of a treatment option that the major international treatment 

guidelines consistently recommend. 
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4. INTERVENTIONS TO IMPROVE THE USE OF WARFARIN 

A review of the literature was conducted in order to identify interventions which could be 

used to improve the use of anticoagulants, specifically warfarin. This included new strategies 

for anticoagulant management as well as methods of optimising existing models of care and 

currently available interventions. A systematic literature review was conducted in order to 

identify all Australian studies which met these criteria. The effectiveness of these 

interventions are presented and discussed. A review of the international literature was also 

conducted. Key interventions were identified and are discussed in more detail. The costs of 

implementing these interventions are presented in Section 4.  

Only one intervention has been formally assessed in Australia: point-of-care testing. This 

was assessed by MSAC in 2005 and was not considered cost-effective. The other 

interventions identified in the literature search had varying levels of clinical effectiveness and 

cost effectiveness. The trials were generally lower level evidence (i.e., there were few 

randomised controlled trials) and had a short duration. This is particularly relevant given the 

length of time that AF patients receive anticoagulants. Short term improvements in outcomes 

may not be maintained over the longer term. The outcomes assessed in the trials were 

generally not patient relevant, typically assessing surrogate outcomes such as INR control 

rather than clinical outcomes such as strokes and bleeding events. The international 

evidence is confounded by the differences in health care systems. Interventions which are 

effective overseas may not be as effective in the Australian clinical setting. Strategies such 

as anticoagulation clinics would first need to be piloted and evaluated in Australia prior to 

being introduced nationally. The additional costs associated with pilot programs and 

evaluations of the program must be considered, in addition to the lost opportunity costs 

associated with delaying the introduction of these programs while they are evaluated. 

4.1. A systematic review of Australian warfarin studies 

A systemic literature search was conducted in order to identify all Australian studies which 

aimed to improve warfarin use in the clinical setting. The search strategy and inclusion 

criteria are shown in Appendix D. The interventions could be broadly classified into four 

categories: hospital based interventions, community prescriber training, point-of-care testing 

and home medication reviews.  

Publications evaluating hospital based interventions 

The literature search identified nine trials which evaluated hospital based intervention 

(Bajorek 2005, Bereznicki 2007, Coombes 2009, Duff 2010, Elliott 2002, Jackson 2011, 

Lubliner 2005, Roberts 2006 and Van De Vreede 2003). The publications are summarised in 
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Table 5. All publications were either case series (level IV evidence), comparing warfarin use 

on admission with warfarin use after the intervention, or historical control studies (level III 

evidence), comparing warfarin prior to the introduction of an intervention with warfarin use 

after the introduction of the intervention. Most trials evaluated the intervention in any patient 

receiving warfarin, irrespective of the reason for warfarin use.  

There was a range of interventions evaluated in the trials. These included changing 

treatment algorithms (Bajorek 2005), modifying drug charts (Bereznicki 2007, Coombes 

2009 and Duff 2010), and changing hospital procedures around warfarin administration 

(Lubliner 2005 and Van De Vreede 2003). Other trials audited medical records (Elliott 2002), 

incorporate stroke assessments (Jackson 2011) or implemented academic detailing 

(Roberts 2006). The interventions often included multiple components and varying degrees 

of staff training. Although the duration of the data collection ranged from 2 months to 24 

months, most trials did not follow patients after their discharge from hospital. 
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Table 5 Summary of studies evaluating hospital based interventions 

Study ID 
NHMRC Level of 

evidence 
Population and 

location 

Description of program 

Duration 
Intervention Control 

Bajorek 
2005 

Level IV 

Case series with pre-
test/post-test outcomes 

Elderly patients with atrial 
fibrillation admitted to 
Royal North Shore 
Hospital, Sydney 

N=218 

Algorithm to determine the 
requirement for antithrombotic 
therapy. 

6 months 

Subjects after 
assessment with the 
algorithm 

N=all subjects (case 
series) 

Subjects prior to the 
introduction of the 
algorithm 

N=all subjects (case 
series) 

Bereznicki 
2007 

Level III-3 

Historical control study 

Patients initiated on 
warfarin at Royal Hobart 
Hospital 

N=454 

Modification to warfarin drug 
chart and hospital staff 
education program. 

13 months 

Subjects managed 
using the modified 
warfarin protocol and 
warfarin drug chart 

N=183 

Subjects managed 
using the pre-existing 
warfarin protocol and 
drug chart  

N=271 

Coombes 
2009 

Level III-3 

Historical control study 

Patients prescribed 
warfarin at 7 hospitals in 
Brisbane 

N=1,481 

Development and implantation 
of a standard medication chart 
with a specific section for 
warfarin. 

24 months 

Subjects managed 
after the intervention 

N=730 

Subjects managed 
prior to the intervention 

N=751 

Duff 2010 
Level III-3 

Historical control study 

Patients prescribed 
warfarin at an acute care 
private hospital in Sydney 

N=NR 

Nomogram to guide loading 
dose selection, checklist for 
medical interventions and 
education for patients and staff. 

12 months 

Subjects treated after 
intervention 

N=NR 

Subjects treated prior 
to intervention 

N=NR 

Elliott 2002 
Level III-3 

Historical control study 

Hospital inpatients 
prescribed 
antithrombotics aged 65 
and over in 9 public 
teaching hospitals in 
Australia 

N=1,416 

Audit of medical notes to assess 
appropriateness of 
antithrombotic prescribing, 
which were presented to staff 
with an education session. 

6 months 

Subjects managed 
after staff received 
feedback of audit of 
medical notes and 
training 

N=594 

Subjects managed by 
staff prior to the 
intervention 

N=563 
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Study ID 
NHMRC Level of 

evidence 
Population and 

location 

Description of program 

Duration 
Intervention Control 

Jackson 
2011 

Level III-3 

Historical control study 
(pre vs. post intervention) 

Level IV 

Case series with pre-
test/post-test outcomes 
(admission vs. discharge) 

Patients with atrial 
fibrillation at Royal Hobart 
Hospital 

N=528 

Stroke assessment by a 
pharmacist. 

16 months 

Subjects treated after 
initiation of stroke 
assessment  

N=134 

 

Subjects after initiation 
of stroke assessment 
at discharge 

N=134 (case series) 

Subjects treated prior 
to initiation of stroke 
assessment 

N=394 

 

Subjects after initiation 
of stroke assessment 
at admission  

N=134 (case series) 

Lubliner 
2005 

Level III-3 

Historical control study 

Patients prescribed 
warfarin at the Alfred 
Hospital, Melbourne 

N=NR 

Changing warfarin dosing from 
2000 hours to 1600 hours and 
using an alert sticker on drug 
charts. 

10 months 

Subjects treated after 
the intervention 

N=NR 

Subjects treated prior 
to the intervention 

N=NR 

Roberts 
2006 

Level III-3 

Historical control study 

Patients receiving or 
initiating warfarin at four 
hospitals in Australia 

N=562 

Academic detailing, including 
information on warfarin initiation, 
over coagulation and deep vein 
thrombosis prophylaxis. 

6 months 

Subjects treated after 
the intervention 

N=365 

Subjects treated prior 
to the intervention 

N=197 

Van De 
Vreede 2003 

Level IV 

Case series with pre-
test/post-test outcomes 

Patients receiving 
warfarin at 3 hospitals in 
Melbourne 

N=NR 

Changing warfarin dosing from 
2000 hours to 1600 hours and 
using an alert sticker on drug 
charts. 

2 months 

Subjects treated after 
the intervention 

N=NR 

Subjects treated prior 
to the intervention 

N=NR 

Abbreviations: NHMRC: National Health and Medical Research Council, NR: Not reported 
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Summary of key results 

Bajorek 2005 evaluated an evidence-based algorithm to determine stroke risk and 

recommend appropriate antithrombotic use. There was no significant difference in the 

proportion of patients receiving warfarin on admission (20.7%) compared with the period 

after the review (17.4%, p=0.37). The proportion of patients receiving warfarin at the three 

month (16.1%) and six month (15.5%) follow-up point was similar. There was a significant 

increase in antithrombotic use at admission compared with discharge (57% vs. 81% 

p<0.001), predominately due to an increase in the use of aspirin. 

Bereznicki 2007 evaluated a modified warfarin drug chart, which was sent to each patient‟s 

GP post discharge. Education sessions were provided to staff. There was no change in the 

proportion of patients discharged from hospital with a non-therapeutic INR (61% in the pre 

intervention group vs. 63% in the post intervention group, p=0.65). There was a significant 

reduction in the proportion of patients with an INR >4 during initiation in the pre-intervention 

group (8.5%) compared with the post-intervention group (3.8%, p<0.05). The intervention 

was associated with a significant reduction in thromboembolic and major bleeding 

complications within 90 days (OR 0.24, p=0.03). 

Coombes 2009 described the development and implementation of a standard medication 

chart with a designated section for warfarin, and modifying hospital policy to administer 

warfarin at 1600h rather than 1800h. There was no change in the proportion of patients 

prescribed warfarin pre-intervention (6.6%) and post-intervention (7.1%, p=NR). The 

proportion of patients with an INR >5 during initiation decreased from 1.9% in the year pre-

intervention to 1.45% in the year post-intervention (p=0.004). 

Duff 2010 introduced a range of interventions, including a clinical audit and feedback, 

patients and provider education, and decision support aides. The proportion of patients with 

an INR >5 during initiation was 3.7% pre-intervention compared with 1.1% post-intervention 

(p=NR). The proportion of patients who experienced abnormal bleeding was 1.2% pre-

intervention and 0% post-intervention (p=NR).  

Elliott 2002 audited the medical records of patients with atrial fibrillation to assess 

antithrombotic use and then provided feedback to hospital staff in conjunction with an 

education session. There was no change in the proportion of patients who were prescribed 

warfarin pre-audit (34%) compared with post-audit (40%, p=0.46). There was a significant 

increase in the proportion of subjects prescribed aspirin pre-audit (60%) compared with post-

audit (87%, p=0.001). 

Jackson 2011 discussed the use of a stroke assessment for hospital in-patients with atrial 

fibrillation. During the pre-intervention period, there was no change in the proportion of 
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patients receiving warfarin at admission (30%) compared with discharge (29%, p=NR). 

There was a significant increase in warfarin use in the post-intervention period, with 43% of 

patients receiving warfarin at admission and 58% receiving warfarin at discharge (p=0.05). 

There was no difference in the use of aspirin pre-intervention (32% at admission vs. 35% at 

discharge, p=NR), and a reduction in the use of warfarin post-intervention (48% at admission 

vs. 39% at discharge, p=0.08). 

Lubliner 2005 evaluated changing the time of warfarin dosing from 2000h to 1600h and 

using an alert sticker on drug charts. The proportion of patients with an INR >5 pre-

intervention compared with post intervention was 3.75% vs. 0.67% (p=NS). A warfarin 

sticker was used appropriately on 92% of appropriate charts. 

Roberts 2006 discussed the use of academic detailing performed by specifically trained 

pharmacists and doctors. Prescribers were given one-on-one detailing sessions for up to an 

hour. Large group sessions were also conducted. The education included discussion of 

guidelines, DVT prophylaxis, warfarin initiation and warfarin over coagulation. The use of 

Vitamin K to reverse INRs >6 was significantly reduced from 74.4% pre intervention to 

48.1% post intervention (p=0.007). The following INR was <4 in 48.7% of pre intervention 

subjects compared with 61.1% of post intervention subjects. The time to stable therapeutic 

INR was significantly greater in newly initiated patients post intervention (p=0.03). There 

were also significantly less episodes of over coagulation in the first week of initiation in the 

pre intervention (18.7%) compared with post intervention (31.8%) patients (p=0.03). 

Van De Vreede 2003 evaluated changing the time of warfarin dosing from 2000h to 1600h, 

and using an alert sticker on drug charts. There was an 82% reduction in patients with an 

INR >5 on at least two consecutive days. 

Discussion 

There was limited evidence for the effectiveness of hospital based protocols and staff 

training. The publications reported a reduction in the proportion of patients with very high 

INRs, although this was only significant in Bereznicki 2007 (INR >4) and Coombes 2009 

(INR >5). Roberts 2006 reported a significantly shorter time to stable therapeutic INR, and 

significantly fewer episodes of over coagulation. Bereznicki 2007 found a significant 

reduction in the rate of thromboembolic and major bleeding complications.  

The main limitation of these studies was the short time frame in which patients were 

evaluated. Outcomes were typically measured over the duration of the hospital stay, with 

limited or no follow-up after discharge. This is reflected by most studies assessing the 

reduction in the proportion of patients with an INR >5, or >4. This is well outside the optimal 

range of 2-3, and while important in the initial phase of warfarin use this outcome is of limited 
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clinical relevance over the longer term. The only study to assess time to therapeutic INR was 

Roberts 2006, however this was assessed in the days post discharge. A more clinically 

meaningful outcome would have been the proportion of patients who achieved and 

maintained an INR of 2-3 over a period of months following the intervention. There are a 

number of limitations with using INR as the only measure of clinical efficacy. The only 

publication which assessed clinical events was Bereznicki 2007, which reported a significant 

reduction in thrombotic and bleeding events in the three months post discharge. It was one 

of the few interventions to include improved communication with GP, which could highlight 

the importance of interventions including more than hospital based components to achieve 

meaningful outcomes.  

There was no consistent evidence that hospital based interventions improved the use of 

warfarin or aspirin in appropriate patients. Although Jackson 2011 reported a significant 

increase in the proportion of patients prescribed warfarin, this was not found in Bajorek 

2005, Coombes 2009 or Elliott 2002. Conversely, Bajorek 2005 and Elliott 2002 found a 

significant increase in the use of aspirin while Jackson 2011 reported a significant decrease 

in aspirin prescribing. These differences are likely to be due to the varying sample sizes, as 

well as clinically relevant differences in the demographics and clinical characteristics of the 

patients in each trial (particularly the reason for warfarin use). Extrapolating these findings to 

the broader Australian medical setting has a number of difficulties. The studies were all 

considered Level III or lower levels of evidence, indicating that the control cohort was not 

evaluated concurrently to the intervention cohort. This has a number of limitations, including 

difference in patients and disease characteristics due to lack of randomisation and 

confounding factors such as changes in hospital practice over time. This is particularly 

relevant in historical control studies, where differences between groups could be due to 

other factors not related to the specific intervention (such as changes in standard treatment 

practices). Most studies were performed at a single hospital with an intervention specifically 

designed around the pre-existing protocols at that site. The interventions had different 

components, such as the type of staff training, specific materials used and level of 

interdisciplinary support (eg sending charts to GPs on discharge). Therefore, the studies 

may not be relevant or appropriate to all hospitals in Australia. 

Based on the evidence from these publications, there is insufficient evidence to conclude 

that the use of optimised protocols and staff training within hospitals would lead to improved 

long-term clinical outcomes in patients, or an increase in the appropriate use of warfarin and 

aspirin.  
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Publications evaluating community prescriber training 

The literature search identified three trials which evaluated community prescriber training 

(Crotty 2004, Jackson 2004a and Mandryk 2008). The publications are summarised in Table 

6. The trials had varied levels of evidence. Crotty 2004 was a pseudo randomised controlled 

trial (Level III-1), Jackson 2004a described a non randomised comparison (Level III-2) and a 

historical controlled comparison (Level III-3), while Mandryk 2008 was an interrupted time 

series (Level III-3). Crotty 2004 and Jackson 2004a were conducted at a single centre, in 

contrast to Mandryk 2004 which was aimed at all Australian GPs. Crotty 2004 described a 

physician and nurse training program at a residential care facility, while Jackson 2004a and 

Mandryk 2008 evaluated GP education programs. 
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Table 6 Summary of studies evaluating community prescriber training  

Study ID NHMRC Level of evidence 
Population and 

location 

Description of program 

Duration 
Intervention Control 

Crotty 2004 

Level III-1 

Pseudo randomised controlled 
trial (regions were randomised, 
centres were matched to other 
centres in different regions) 

Patients in 20 residential 
care facilities in Adelaide 

N=715 

Two 30 minute detailing 
visits by pharmacists to 
physicians, four 2 hour 
training sessions for one 
nurse per faculty and a talk 
by a pharmacist to all staff. 

7 months 

Subjects in facilities 
allocated to the 
outreach intervention 

N=381 

Subjects in facilities 
allocated to the 
control  

N=334 

Jackson 
2004a 

Level III-2 

Non-randomised controlled trial 
(North vs. South Tasmania) 

Level III-3 

Historical control study (Pre vs. 
post intervention in South 
Tasmania) 

Patients with AF admitted 
to hospital with atrial 
fibrillation in Tasmania 

N South Tasmania 
(intervention)=402  

N North Tasmania 
(control)=NR 

Stroke prevention guidelines 
for AF sent to GPs and 
academic detailing visit by 
research pharmacist. 

12 months 

Subjects in Southern 
Tasmania post 
intervention 

N=245 

 

Subjects in Northern 
Tasmania post 
intervention 

N=NR 

Subjects in 
Southern Tasmania 
pre intervention 

N=157 

 

Subjects in 
Northern Tasmania 
pre intervention 

N=NR 

Mandryk 2008 

Level III-3 

Interrupted time series without 
a parallel control group 

GPs in Australia 

N=~20,000 

Mail outs and educational 
visits. 

26 months 

PBS prescribing data 
after intervention 

N=NR 

PBS prescribing 
data prior to 
intervention 

N=NR 

Abbreviations: GP: General practitioner, NHMRC: National Health and Medical Research Council, NR: Not reported, PBS: Pharmaceutical Benefits Scheme 
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Summary of key results 

Crotty 2004 evaluated an outreach program in which physicians at residential care facilities 

received two visits by a pharmacist, which included an education session about fall 

prevention and stroke reduction. An audit of fall rates and prescribing patterns (including 

aspirin and warfarin use) was conducted at each facility and the information fed back to the 

physician. One nurse per facility was also given training in change management. The 

proportion of patients with AF receiving warfarin was not well matched at baseline in the 

control and intervention facilities (22.6% in the control and 8.6% in the intervention facilities). 

At the end of the trial, the proportion of patients receiving warfarin was 17.1% in the control 

facilities and 16.7% in the intervention facilities, which was not statistically significant 

(p=0.90). 

Jackson 2004a described a comprehensive GP education program. GPs in Southern 

Tasmania were mailed stroke prevention guidelines and received an educational visit by a 

pharmacist. The proportion of patients with chronic AF using warfarin when admitted to 

hospital was significantly higher post-intervention compared with pre intervention (40% vs. 

59%, p=0.008). There was a significant increase in the proportion of patients with chronic AF 

at a high risk of stroke receiving warfarin pre and post intervention (41% vs. 66%, p=0.01). 

There was no significant increase in the proportion of patients receiving aspirin. A 

comparison of PBS and RPBS dispensing data in Southern Tasmania and Northern 

Tasmania (the control region) was also presented. Although there was a significant increase 

in warfarin dispensing occasions in both Southern and Northern Tasmania over the duration 

of the intervention, the increase in Southern Tasmania was significantly higher (p<0.001). 

Mandryk 2008 evaluated the impact of educational activities run by the National Prescribing 

Service (NPS). The activities included mail outs to all GPs in Australia and one-on-one or 

small group educational sessions. PBS data was analysed to determine if there were any 

changes in warfarin prescribing patterns. There was no evidence that the NPS educational 

program had any impact in the use of warfarin or the number of INR tests requested. 

Discussion 

Overall, there was insufficient evidence to conclude that community prescriber training would 

significantly improve warfarin use in Australia. Crotty 2004 found no difference in the 

proportion of patients prescribed warfarin when residential care staff were trained. Mandryk 

2008 concluded that there was no change in prescribing behaviour as a result of GP training. 

Jackson 2004a reported a significant increase in warfarin use over a 12 month period. 

However, at the end of the study only 66% of high risk subjects with no contraindications to 

warfarin were receiving warfarin. This shows that a substantial proportion of subjects in 
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Southern Tasmania were not being appropriately treated despite the intervention. A further 

limitation of the study is that Jackson 2004a did not assess the effectiveness of warfarin 

treatment e.g., an assessment of INR control or bleeding events. In order for this type of 

education to be beneficial over the longer term, the educational messages would need to be 

regularly reinforced, and potentially changed over time to ensure it remains effective. These 

factors were not explored in the trial. The cost-effectiveness of community prescriber training 

was not evaluated. 

Publications evaluating point-of-care testing 

The literature search identified three trials which evaluated post of care testing (Bereznicki 

2010, Bubner 2009 and McLachlan 2005). The Point-of-Care Testing (PoCT) trial reported 

relevant outcomes in three publications: Bubner 2009, Gialamas 2009 and Laurence 2010. 

The publications are summarised in Table 7.  

The three studies used different study designs. Bereznicki 2010 was a Level IV study, 

comparing pre and post test outcomes in the same cohort of subjects, while Bubner 2009 

was a Level II cluster randomised controlled trial. McLachlan 2005 compared subjects pre 

and post intervention as well as comparing intervention subjects with a cohort of historical 

control subjects. Bereznicki 2010 and McLachlan 2005 evaluated point –of-care testing in 

the pharmacy setting, working in collaboration with GPs to adjust dosing. INR testing was 

performed by pharmacists in McLachlan 2005, while patients self-monitored INR following 

training by a pharmacist in Bereznicki 2010. Both interventions had pharmacist and patient 

training components. In contrast, Bubner 2009 evaluated point-of care-testing conducted by 

GPs. Clinicians were trained in the use of point-of-care testing devices and did not receive 

any warfarin specific education. 
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Table 7 Summary of studies evaluating point-of-care testing 

Study ID 
NHMRC Level of 

evidence 
Population and 

location 

Description of program 

Duration 
Intervention Control 

Bereznicki 2010 

Level IV 

Case series with pre-
test/post-test 
outcomes 

Patients taking 
warfarin for ≥6 months 
in Tasmania and NSW 

N=28 

Pharmacist and patient 
training in point-of-care 
testing, patient self-
monitoring. 

6 months 

Subjects after 
receiving the 
intervention 

N=all subjects (case 
series) 

Subjects prior to the 
intervention 

N=all subjects (case series) 

Bubner 2009 

Gialamas 2009 

Laurence 2010 

Level II 

Cluster randomised 
controlled trial 

Patients receiving 
and/or anticoagulation 
therapy from 53 
practices in NSW, SA 
and Victoria 

N=944 

Point-of-care INR testing 
performed in general 
practices. 

18 months 

Subjects who received 
point-of-care testing 

N=572 

Subjects who received 
laboratory testing 

N=372 

McLachlan 2005 

Level III-3 

Historical control study 

Level IV 

Case series with pre-
test/post-test 
outcomes 

Patients attending 
community 
pharmacies and GPs 

N=53 

Pharmacists providing 
patient education, support 
and INR monitoring in 
collaboration with GPs. 

10 months (mean) 

Subjects treated after 
the intervention 

N=41 

Intervention subjects treated 
prior to the intervention 

N=20 (of the 41 intervention 
subjects) 

Separate cohort of subjects 
who received usual care 

N=12 

Abbreviations: GP: General practitioner, INR: International normalised ratio, NHMRC: National Health and Medical Research Council, NSW: New South Wales, SA: South 
Australia 
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Summary of key results 

Point-of-care testing was evaluated by three publications (Bereznicki 2010, Bubner 2009 and 

McLachlan 2005). Bereznicki 2010 provided an education session to pharmacists, which 

included identifying patients who would be suitable for self monitoring and providing them 

with training in the use of point-of-care testing. Pharmacists referred patients to their GP, 

with the recommendation to set up a home medicine review. The mean TTR at baseline was 

57.8%, which increased to 72.5% post intervention, although this was not statistically 

significant (p=0.11). There was a significant improvement in the mean proportion of tests in 

range for each patient (55.2% at baseline vs. 71.7% post intervention, p=0.03). There was a 

significant increase in the number of INR tests per month (1.2 at baseline vs. 2.7 post 

intervention, p<0.001). Quality of life was measured using the EQ5D, with no significant 

change over the study (p=0.37). 

Bubner 2009 described the results of the PoCT trial. The trial compared point-of-care testing 

in general practices with laboratory testing for a number of outcomes, including the use of 

warfarin. There were fewer patients with an INR of 2-3 for point-of-care vs. laboratory testing 

(57.0 vs. 61.5% p=0.24). The proportion of tests with an INR of 2-3 was significantly lower 

for point-of-care vs. laboratory testing (55.8% vs. 57.6% p<0.001). A cost effectiveness 

analysis found point-of-care INR testing to be less effective and more costly than laboratory 

testing, and therefore not cost-effective. This is discussed in more detail in Section 5. 

McLachlan 2005 evaluated the use of point-of-care testing in the pharmacy setting. 

Pharmacists provided patient education, support and INR monitoring. Results were 

discussed with the patient‟s GP. There was no statistically significant difference in the length 

of time that INR readings were within 2-3 (75% pre intervention vs. 78% post intervention, 

p=0.66). Quality of life was evaluated using a published assessment tool, with no significant 

difference reported by patients pre vs. post intervention (p=0.102). Patients in the control 

arm had a mean of 2.1 INR tests per month, which was higher than patients in the 

intervention arm (pre intervention 1.7 vs. post intervention 1.6). An economic comparison 

showed a pharmacist managed anticoagulation service to be more expensive than usual 

care in the first year, but less expensive in subsequent years due to reduction in the INR 

testing costs. 

Discussion 

Overall, there was limited evidence that point-of-care testing was effective. The intervention 

was not associated with improved quality of life. Although Bereznicki 2011 reported a non-

significant increase in the mean TTR and a significant increase in the mean proportion of 

tests in range for each patient, this was based on a very small sample of patients (N=28). 
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This data should also be considered in the context of its limited applicability to the wider 

Australian population. Eligible patients in Bereznicki 2010 were selected by pharmacists, 

with the report noting that this is not a model of warfarin management suitable for all 

patients. McLachlan 2005 recruited a larger patient population (N=53) and found no 

difference in the length of time INR readings were 2-3. The most rigorous study was 

conducted by Bubner 2009, recruiting 944 patients from 53 practices around Australia, 

including urban, rural and remote locations. It was a cluster randomised trial, which 

represents high level evidence (Level II). It was conducted over an 18 month period. Point-

of-care testing was associated with a lower proportion of patients with an INR of 2-3 and a 

significantly lower proportion of tests with an INR of 2-3. The authors concluded that point-of-

care testing was less effective than laboratory testing. The report found a significant 

improvement in outcomes associated with other point-of-care tests, such as HbA1c. This 

highlights the importance of evaluating INR point-of-care testing and not extrapolating data 

from point-of-care testing in general.  

Bubner 2009 conducted a cost effectiveness analysis and concluded that point-of-care 

testing was not cost-effective. McLachlan 2005 found point-of-care testing to be more 

expensive than usual care in the first year, but less expensive in subsequent years. The 

economic implications of point-of-care testing are discussed in more detail in Section 2.3. 

Publications evaluating home medication reviews and patient education 

The literature search identified four trials which evaluated home medication reviews and 

patient education (Peterson 2006, Mullan 2005, Peterson 2010 and Roughead 2011). 

Jackson 2004b describes a pilot study of 128 patients, with the full dataset of 161 patients 

described in Peterson 2006. Therefore the trial is referred to as Peterson 2006 throughout. 

Peterson 2010 and Stafford 2011 presented data from the same trial. The publications are 

summarised in Table 8. Peterson 2006 was a randomised controlled trial, Mullan 2005 and 

Peterson 2010 were non-randomised controlled study and Roughhead 2011 was a historical 

controlled study. Peterson 2006 evaluated the effectiveness of home based educational 

visits for patients newly initiated on warfarin. Peterson 2010 describes an expanded program 

evaluating the same intervention. Mullan 2005 describes a warfarin management program 

which included patient education and a medication review. Roughead 2011 evaluates the 

effectiveness of Government funded home medication reviews. 
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Table 8 Summary of studies evaluating home medication reviews and patient 
education  

Study ID 
NHMRC 
Level of 
evidence 

Population 
and location 

Description of 
program 

Duration 

Intervention Control 

Jackson 
2004b 
Peterson 
2006 

Level II 

Randomised 
controlled trial 

Patients initiated 
on warfarin at 
Royal Hobart 
Hospital 

N=161 

4 home based 
educational visits 
by a pharmacist. 

3 months 

Subjects 
given post 
discharge INR 
monitoring  

N=75 

Subjects 
given usual 
care 

N=86 

Mullan 
2005 

Level III-2 

Non-
randomised 
controlled trial 

Patients 
prescribed 
warfarin at 
Wollongong 
Hospital 

N=102 

Improved warfarin 
management 
program, including 
patient education, 
medication review, 
patient follow-up 
and community of 
care between 
hospital and 
community setting. 

3 months 

Subjects 
managed with 
the improved 
warfarin 
program 

N=50 

Subjects 
managed 
with the pre-
existing 
warfarin 
program 

N=52 

Peterson 
2010 

Stafford 
2011 

Level III-2 

Non-
randomised 
controlled trial 

Patients 
discharged from 
8 hospitals in 
Australia 

N=268 

2 -3 home visits by 
a pharmacist, which 
included INR 
monitoring and 
warfarin education. 

3 months 

Subjects who 
received post 
discharge 
service 

N=129 

Subjects 
who 
received 
usual care 

N=139 

Roughead 
2011 

Level III-3 

Historical 
control study  

Patients making 
medical claims 
through the 
Australian 
Department of 
Veteran‟s affairs 

N=17,136 

Government funded 
home medical 
review. 

18 months 

Subjects who 
had a home 
medical 
review 

N=816 

Subjects 
who did not 
have a 
home 
medical 
review  

N=16,320 

Abbreviations: NHMRC: National Health and Medical Research Council, NR: Not reported 

Summary of key results 

Peterson 2006 evaluated the effectiveness of home based educational visits for patients 

newly initiated on warfarin at Royal Hobart Hospital. Peterson 2010 describes an expanded 

program, conducted at eight hospitals in Australia. Peterson 2006 was a randomised 

controlled trial (RCT), while Peterson 2010 was a non-randomised controlled trial (patients 

were recruited either during an initial control phase or a subsequent intervention phase). In 

both studies, the intervention was a home-based visit by a trained pharmacist. Subjects in 

Peterson 2006 were visited on four occasions, while subjects in Peterson 2010 were visited 

on two or three occasions depending on risk status. The pharmacist tested the INR and 

educated the patient on warfarin therapy. The pharmacist contacted the GP with the results 

of the INR testing, who modified the warfarin dose if appropriate. 
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Both trials assessed the proportion of patients who had a therapeutic INR. This was defined 

as an INR of 2.0-3.0 for the majority of patients, and 2.5-3.5 for patients with mechanical 

heart valves. In Peterson 2006 the proportion of usual care vs. home monitoring patients 

with a sub-therapeutic INR eight days after discharge was 35% vs. 26%, a therapeutic INR 

was 38% vs. 67% and a supra-therapeutic INR was 27% vs. 8%. There was a significant 

difference between the usual care compared with home monitoring groups (p<0.0008). In 

contrast, there was no significant difference in INR control at day eight in the larger Peterson 

2010 trial. The proportion of usual care vs. home monitoring patients with a sub-therapeutic 

INR was 36% vs. 30%, a therapeutic INR was 42% vs. 48% and a supra-therapeutic INR 

was 22% vs. 22% (p=0.536). There was also no significant difference in INR control at day 

90. The time in therapeutic range was 55% vs. 56% p=0.922, the time below range was 29% 

vs. 31% p=0.527 and the time above range was 16% vs. 13% (p=0.299). 

Peterson 2006 assessed adverse events 90 days after discharge in the usual care vs. home 

monitoring groups. The rate of bleeding events was 34% vs. 14% (p=0.004), the rate of 

embolic events was 9% vs. 7% (p=0.56) and the rate of unplanned hospital readmissions 

was 22% vs. 26% (p=0.56). Peterson 2010 reported no difference in the rate of major 

bleeding or thrombotic events (10% in the usual care group vs. 3% in the home monitoring 

group, p=0.072) or unplanned hospital readmissions (28% in the usual care group vs. 28% 

in the home monitoring group, p=0.947) in the 90 days after discharge. The proportion of 

patients with any bleeding event was significantly lower in the home monitoring compared 

with usual care (14.7%) group (5.3% vs. 14.7%, p=0.03). The rate of thrombotic events was 

also lower (6% usual care vs. 1% home monitoring), although this was not statistically 

significant (p=0.06). There was also no difference in warfarin adherence (Tool for Adherence 

Behaviour Screening (TABS) score out of 20) at either day eight (18.7 vs. 18.9, p=0.560) or 

day 90 (18.7 vs. 17.9, p=0.236). 

Peterson 2010 also assessed quality of life using the EuroQoL – 5 Dimensions (EQ-5D) and 

the Duke Anticoagulation Satisfaction Scale (DASS). There was no significant difference in 

the EQ-5D or the DASS scores overall or for the individual domains. 

Both publications also undertook an economic analysis. Peterson 2006 calculated a cost 

saving of $9 million per annum due to a reduction in major bleeds in the three months post 

discharge for the 20,000 patients initiated on warfarin in public hospitals. The cost of the 

program was estimated at $4 million per annum. Peterson 2010 performed a more detailed 

economic analysis and calculated the cost of the program to be approximately $9 million in 

the first year. The intervention was not cost saving when all healthcare costs were 

considered. The control arm had total healthcare costs of $4 427.26 per patient, while the 

intervention arm had total healthcare costs of $5 248.77. The cost per patient of a 
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percentage reduction in major bleeding events was $391.20, any bleeding event was $87.39 

and any bleeding or thrombotic event was $65.20. The costs were lower in the control arm 

when only warfarin-related costs were considered. This is discussed in more detail in 

Section 5. 

Mullan 2005 evaluated a patient education program run through Illawarra Health‟s The 

Ambulatory Care Team (TACT), which provides a community-based healthcare service. 

Patients were allocated to the control or intervention group depending on the day of the 

week they were admitted to TACT. An education session was conducted at the patient‟s 

house within four days of admission. The education session included a complete medication 

review, use of a warfarin information booklet, examples of how to combine tablets to get 

different warfarin doses and improved communication between TACT and the patient‟s GP. 

There was no difference in hospital visits between control and intervention patients (21% vs. 

18%) or emergency department visits (11.5% of control and 8% of intervention patients). 

There was no difference in the proportion of INR tests within the range of 2-3: 69.4% in the 

control group and 71.9% in the intervention group (p=0.56). 

Roughhead 2011 retrospectively reviewed the Department of Veterans‟ Affairs claims 

database to compare patients who had received a Home Medicines Review (HMR) and 

those who had not. The HMRs were conducted as part of the government funded HMR 

program. The outcome measure was hospitalisation as a result of bleeding. There was no 

significant difference in hospitalisations the first two months after an HMR (HR=1.13, 

p=0.68). There was a significant reduction in the rate of hospitalisations for bleeding at 2-6 

months (HR=0.21, p=0.03), however this effect was not maintained at 6-12 months 

(HR=1.07, p=0.79). The risk of hospitalisation for bleeding was significantly higher at >12 

months (HR=1.61, p=0.003). 

Discussion 

Overall, there was some evidence that expanded home medicine reviews, including warfarin 

education and point-of-care testing, can be effective in reducing bleeding events in the short 

term. A significant improvement in the proportion of patients with a therapeutic INR eight 

days after discharge was reported in Peterson 2006, but not Peterson 2010. There was also 

no significant difference in INR control at day 90. However, both Peterson 2006 and 

Peterson 2010 reported a significantly lower rate of bleeding events although there was no 

improvement in quality of life. In contrast, Mullan 2005 found no difference in INR control, 

hospitalisations or emergency room visits. Both interventions featured similar components 

such as detailed patient education, a review of warfarin dosing and a review of the use of 

medications by a specifically trained pharmacist. The intervention assessed in Peterson 
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2006 and Peterson 2010 was more intensive, with patients receiving 2 – 4 visits in the week 

following discharge. In contrast, patients in Mullan 2005 received a single education session. 

Peterson 2006 and Peterson 2010 included point-of-care INR testing, which was not a 

component of Mullan 2005.  

The main limitation of these studies is the short duration of follow-up. As highlighted by 

Roughhead 2011, a significant improvement in outcomes in the short term is often not 

maintained over long periods. Although this paper reported a significant reduction in 

hospitalisations for bleeding at 2-6 months post intervention, there was a significantly higher 

rate of hospitalisations for bleeding after 12 months. Given that most patients would be 

prescribed warfarin for more than 12 months, establishing the long term efficacy of these 

interventions is critical. It may be that the lower rate of bleeding events seen in Peterson 

2006 and Peterson 2010 is not be maintained past 6 months.  

Peterson 2006 and Peterson 2010 concluded that home medicine reviews were cost saving 

due to the reduction in bleeding events. However Peterson 2010 found that the intervention 

was more expensive than the control arm when all healthcare costs were considered. This is 

discussed in more detail in Section 5. 

Conclusions 

A number of interventions which aim to improve warfarin use have been trialled in Australia. 

However, there is not sufficient evidence to support the assertion made by the PBAC that 

warfarin use could be improved by means of an education campaign, or indeed any other 

intervention. Although some hospital based interventions may be beneficial at the level of an 

individual hospital, they do not address the issue of achieving and sustaining a longer term 

therapeutic INR. There was no evidence that community prescriber training improved INR 

control and limited evidence that it could improve the rate of warfarin prescribing for patients 

in which it was appropriate. The overall evidence indicates that point-of-care testing is less 

effective than laboratory testing. There was a reduction in bleeding outcomes associated 

with home medication reviews and patient education, however the intervention was 

assessed over a very short time period of 3 months. There was no evidence that this would 

be maintained without regular reinforcement of the educational message. 

The key limitation of the Australian literature is the lack of long term data assessing clinically 

relevant outcomes. An important difference between medicines and interventions is that the 

impact of an intervention often attenuates over time, as demonstrated by Roughead 2011. 

This is not unexpected given that these interventions often require a change in behaviour or 

additional clinical processes, which if not reinforced may not be maintained. Data from a 

clinical trial may represent the best practice, with data collected while prescribers and 
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patients are being monitored and reminded of the intervention being assessed. This is 

particularly relevant in the studies discussed here, which were all unblinded and therefore 

have an inherent bias. It is therefore likely that the clinical benefits described in the 

publications would not be as large if the intervention was introduced for all prescribers and 

patients in Australia. 

An additional limitation is the accessibility issues associated with implementing these 

interventions, particularly if introduced in preference to medications which are available 

through all pharmacies in Australia. In contrast, not all GPs or pharmacists are willing or able 

to provide the additional services required for these interventions. This is most strikingly 

demonstrated by the low uptake of Government funded home medication reviews (HMRs). A 

report commissioned by the Department of Health and Ageing to evaluate the HMR program 

concluded that “Participation by health professionals has been patchy at best. Even now, 

after five years of implementation, less than 10% of GPs are participating in the HMR 

Program” (Home Medicines Review Program Qualitative Research Project Final Report, 

2008). There is currently a shortage of GPs, with existing GPs less able to allocate time to 

additional training and procedures. Similarly, there is a shortage of trained HMR 

pharmacists, as acknowledged in Peterson 2010. All of the pharmacy based interventions 

described here were trialled in pharmacies which had agreed to participate in the trial. It is 

unlikely that all pharmacies in Australia would choose to participate in a warfarin program, or 

they may not have sufficient resources. The lack of available medical and pharmacy staff 

would be even more pronounced in rural and remote settings. As noted in Peterson 2010, 

there are also accessibility issues for patients from a non-English speaking background 

given the shortage of multilingual GPs and pharmacists. It is therefore extremely unlikely that 

the interventions discussed here could be introduced in enough pharmacists and/or medical 

practices to ensure that all Australians taking warfarin had access. 

There is also evidence that some interventions are only applicable to a subset of patients 

prescribed warfarin. For example, in Bereznicki 2010 patients were selected by a health 

professional on the basis of being highly motivated and interested in becoming involved in 

their own healthcare. The report noted that this is not a representative sample of patients 

prescribed warfarin and that the intervention is not a model of management suitable for all 

patients. This is an inherent limitation of interventions which require patient involvement, 

especially as NVAF patients are typically elderly.  

Evidence for the efficacy of dabigatran comes from a high quality clinical trial (Connolly, 

2009) which found a significant reduction in key clinical outcomes such as haemorrhagic 

stroke, intracranial haemorrhage and bleeding events when patients were followed for up to 

36 months (RELY, Connolly et al 2010). In contrast, there is no evidence that any 
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intervention assessed to date is associated with a significant improvement in long term, 

clinically relevant outcomes in patients receiving warfarin. There are also significant barriers 

to ensuring that any intervention is available to all Australian warfarin patients. These issues 

must be considered when evaluating the relative merits of warfarin interventions. 

4.2. International research 

A review of the international literature was conducted. Key interventions and publications 

were identified and are discussed in more detail.  

 Anticoagulation clinics: Dedicated anticoagulation clinics with specially trained staff 

are a common model of care in countries in some countries. A review of the 

effectiveness of anticoagulation clinics is presented, as well as a discussion of some 

of the considerations associated with introducing similar clinics in Australia.  

 Pharmacogenetic testing: A link between specific genes and differences in warfarin 

metabolism has recently been researched. This section discusses the clinical 

effectiveness and cost effectiveness of pharmacogenetic testing.  

 Community Pharmacist-led Anticoagulation Management Service (CPAMS) study: 

This recent study from New Zealand evaluated pharmacist-led anticoagulation 

management. Point-of-care INR monitoring was performed by pharmacists who 

shared care with clinicians. 

 Canadian Agency for Drugs and Technologies in Health (CADTH) systematic review 

and economic evaluation: This recent systematic review evaluated of models of 

warfarin management. An economic evaluation was also conducted. 

Applicability concerns 

The results of international trials are broadly informative, but it is not appropriate to 

automatically assume that the results are directly applicable to the Australian health care 

setting. International health care intervention trials are conducted within a different health 

care system which will have a significant influence on the reported outcomes. For example, 

clinicians may use different treatment algorithms, treat different patient populations or have 

access to medicines not available or widely used in Australia. Patient populations must be 

closely compared, particularly in terms of baseline disease and demographic characteristics. 

Treatment may be given in different settings, for example INR testing may be routinely 

performed as an inpatient procedure in some countries, or may be performed in specialist 

anticoagulation clinics. Care must be taken when extrapolating findings from these types of 

studies. For example, changes to a procedure in a specialist anticoagulation clinic may not 

be applicable to the Australian setting where these clinics are not available. Alternately, the 
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results must be considered in the context of the feasibility, cost and evidence for setting up 

similar clinics in Australia. Generally, international studies would first have to be replicated in 

Australia prior to being introduced more widely. The additional costs associated with pilot 

programs and evaluations of the program must be considered, in addition to the opportunity 

costs associated with delaying the introduction of new anticoagulants or these programs 

while they are evaluated. 

Anticoagulation clinics 

An anticoagulation clinic is a specialised program of patient management focused 

predominantly, if not exclusively, on managing oral anticoagulation (Ansell and Hughes 

1998). These clinics have been developed in response to the increasing recognition of the 

difficulties with providing safe and effective anticoagulation control with currently available 

anticoagulants. Dedicated anticoagulation clinics are not common in Australia, but in a 

number of other countries they are the most frequently used model of care for patients 

receiving anticoagulants. This following section of this report includes recent systematic 

reviews and meta-analyses of the effectiveness of anticoagulation clinics in comparisons to 

other models of care. The relative cost-effectiveness of clinics is also discussed. The 

subsequent sections describe the different types of anticoagulation clinics used worldwide, 

and the issues for consideration if anticoagulation clinics were to be introduced in Australia. 

Systematic reviews, meta-analyses and economic analyses 

Recent systematic reviews and meta-analyses of anticoagulation clinics were reviewed and 

are presented here. As discussed in more detail in the following section, the components of 

each anticoagulation clinic vary considerably. It may therefore not be appropriate to draw 

conclusions about anticoagulation clinics as a model of care given the marked differences 

between the clinics described in these studies. 

Van Walraven et al 2006 conducted a systematic review of the literature to determine the 

effect of study setting on INR. A total of 67 studies were identified, with 123 study arms. Of 

these, 68.3% were from anticoagulation clinics, 7.3% were from clinical trials, and 24.4% 

were from community practices. Differences in INR control between these three study 

settings was evaluated using a meta-regression model (see Table 9). Across all studies, the 

mean TTR was 64% (95% CI 62%, 66%). The TTR was highest in randomised clinical trials 

(66.4%, 95% CI 59.4%, 73.3%), and slightly lower for anticoagulation clinics (65.6%, 95% CI 

63.7%, 67.7%). The mean TTR in the community was lower than for anticoagulation clinics 

(56.7%, 95% CI 51.5%, 62.0%). After adjusting for differences between studies, there was 

no significant difference in TTR between randomised controlled trials and anticoagulation 

clinics (3.9%, 95% CI 10.7%, 2.9%). There was a significant difference between 
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anticoagulation clinics and community practices (8.3%, 95% CI 4.4%, 12.1%). The meta-

regression model showed that study setting was the most significant factor predicting INR 

control. 

Table 9 Study setting and INR control 

Study setting No (%) 
Unadjusted % 

mean TTR (95% CI) 
Adjusted % effect 

TTR (95% CI) 
P value 

RCT 9 (7.3)  66.4 (59.4, 73.3) Reference group 

<0.0001 Anticoagulation clinic 84 (68.3) 65.6 (63.7, 67.7) - 3.9 (-10.7, 2.9) 

Community 30 (24.4)  56.7 (51.5, 62.0) -12.2 (-19.5,-4.8) 

Abbreviations: RCT:randomised controlled trial; TTR: time in therapeutic range 

Connock et al 2007 conducted a systematic review to evaluate the clinical and cost 

effectiveness of patient self-testing and self-management of oral anticoagulation treatment. 

In patient self-testing the results of the test are relayed to a physician who then adjusts the 

patient‟s anticoagulant dose. In patient self-management, the patient adjusts the dose of 

anticoagulant themselves based on the test results. The literature search identified 15 

articles, of which eight included specialised anticoagulation clinics as a comparator. The 

pooled estimates of INR time in range are shown in Table 10. When anticoagulation clinics 

were compared with either patients self-testing or self-management, the INR time in range 

was similar (66.3% vs. 67.1%). There was also no difference when anticoagulation clinics 

were compared with patient self-testing only (67.8% vs. 67.7%) or patient self-management 

only (66.2% vs. 67.0%). There was also no difference in the pooled estimates of INR time 

below, in and above the therapeutic range. 

Table 10 Type of care and INR control 

Type of care 
Number 
of trials 

% INR time in range, weighted by patient years 

Anticoagulation clinic PSM/PST 

Anticoagulation clinic  
vs. PST or PSM 

8 66.3 67.1 

Anticoagulation clinic  
vs. PST 

4 67.8 67.7 

Anticoagulation clinic  
vs. PSM 

5 66.2 67.0 

Abbreviations: INR: International normalised ratio, PSM=Patient self management, PST=Patient self testing 

Dolan et al 2008 evaluated the relationship between different clinical settings and 

anticoagulation control. A systematic review identified 36 studies which met the inclusion 

criteria. The primary analysis included 22 studies which recruited patients with AF and had a 

target INR range of 2.0 – 3.0. The secondary analysis included an additional 14 studies 

which had a mixed patient population (i.e., AF and other conditions) and/or had a target INR 

range of 2.0 – 3.5. The paper defined studies as either organised care, which included 



INTERVENTIONS TO IMPROVE WARFARNI USE 

PAGE 56  BOEHRINGER INGELHEIM SUBMISSION TO THE ANTICOAGULATION REVIEW 2012 

studies conducted in specialist anticoagulation clinics, or usual care, which was care 

delivered in non-specialist settings including family practice facilities. 

The TTR for the individual studies is shown in Figure 7. Both the primary and secondary 

analysis showed a significantly higher TTR for organised care compared with usual care. 

TTR was 11.3% (95% CI 0.1%, 21.7%) higher in the primary analysis, and 9.4% (95% CI 

0.5, 18.4%) higher in the secondary analyses. 

Figure 7 Proportion of time spent in therapeutic INR range expressed as an 
incidence density with 95% confidence interval. 

 

Abbreviations: INR: International normalised ratio 
Notes: Pooled estimate for each category of monitoring organisation is shown in bold. (A) primary data set, (B) 
secondary data set 

Baker et al 2009 conducted a systematic review and meta-regression of warfarin control and 

study setting. Studies must have been conducted in AF patients in the USA. The literature 
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search identified eight trials with 14 study arms. The TTR was higher in patients treated in an 

anticoagulation clinic (63%, 95% CI: 58%, 68%) compared with community practice (51%, 

95% CI: 47%, 55%). This is shown in Figure 8. After controlling for covariates, meta-

regression analyses showed that patients treated in a community setting spent 11% (95% 

CI: 2%, 20%) less time in therapeutic range compared with patient treated in an 

anticoagulation clinic. The authors noted that although anticoagulation clinics improved TTR, 

patients still spent over one-third of their time outside of the therapeutic range. 

Figure 8 Study setting and INR control  

 

Abbreviations: INR: International normalised ratio 
Notes: The squares represent individual studies, and the size of the square represents the weight given to each 
study in the meta-analysis. Error bars represent 95% confidence intervals. The diamond represents the combined 
results. The solid vertical line extending upwards from 1 is the null value.  
Abbreviations: AC=anticoagulation. 

Pengo et al 2006 described an observational, retrospective study of oral anticoagulation 

therapy in the US, Canada, France, Italy and Spain. Physicians were asked to participate in 
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the study if they used the model of care considered representative of the model of care 

predominately used in each country. This was routine medical care in the US, Canada and 

France and anticoagulation clinics in Spain and Italy. Physicians were asked to randomly 

select a cohort of patients with non-valvular atrial fibrillation to be included in the analysis. 

The results were not analysed statistically, however the proportion of patients with an INR of 

2.0-3.0 was generally higher in the countries which used anticoagulation clinics (69.5% in 

Italy and 64.9% in Spain) when compared with the countries which used usual care (58.1% 

in the US, 62.8% in Canada and 59.3% in France). The mean time between INR tests was 

shortest in Italy (20.0 days) and highest in Spain (30.8 days). The publication did not explore 

the difference in usual care between the different countries, or the specific model of 

anticoagulation clinic used in Italy and Spain. The results show that anticoagulation clinics 

may be associated with a modest improvement in TTR, although the results are confounded 

by the different health care systems used in each country. 

Table 11 Anticoagulation control and study setting 

 US Canada France Italy Spain 

Model of care Usual care Usual care Usual care 
Anticoagulation 
clinic 

Anticoagulation 
clinic 

Number of 
patients 

638 148 264 177 218 

Time in of INR 
2.0-3.0 (%) 

58.1  62.8 59.3 69.5 64.9 

Mean INR test 
interval (days) 

25.3  24.3 23.6 20.0 30.8 

Abbreviations: INR: International normalised ratio 

Lafata et al 2000 conducted an economic analysis of usual care compared with 

anticoagulation clinics and patient self-testing. The baseline model include INR time spent 

below and above therapeutic range, with data obtained by taking an average values reported 

by a number of large clinical trials. The publication did not describe the different types of 

anticoagulation clinics assessed in the trials and it is likely that there was a degree of 

heterogeneity between the studies used to calculate these values.  

The frequency of INR testing was higher in anticoagulation clinics compared with usual care 

(23 vs. 14 tests per year), however these cost increases were offset with the savings due to 

avoided adverse events. In comparison patient self-testing was also associated with an 

increase in INR testing (52 tests per year) and there was an overall increase in medical care 

costs as the savings due to reduced adverse events were not offset by the increased costs 

of testing. The cost per QALY was calculated, and anticoagulation clinics were considered 

cost-saving when compared with usual care. Patient-self testing had an incremental cost-

effectiveness ratio (ICER) of US$153,504 when compared with anticoagulation clinics. The 
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authors noted that the ICERs were markedly different if the costs incurrent by patients and 

their caregivers were included due to the increased frequency of testing and the associated 

time and travel costs. When these costs were also considered, anticoagulation clinics had an 

ICER of US$232,226 when compared with usual care, while patient self-testing was cost 

saving compared with anticoagulation clinics. 

Structure of anticoagulation clinics 

An anticoagulation clinic typically refers to a dedicated anticoagulation service run by staff 

members who are specifically trained in anticoagulation care. Globally, anticoagulation 

clinics vary in the level of service offered, the types of staff who offer the service and the 

patients who are able to access the service. The primary caregiver could be a clinician, 

nurse or pharmacist, with multidisciplinary support given by a team comprising of a variety of 

clinical staff such as haematologists, cardiologists and nutritionists. Some anticoagulation 

clinics are physician-led, where patients visit a clinician at the clinic to have INR testing 

performed and dose adjustments made as appropriate. Collaborative care is provided by 

nurses, pharmacists and/or other staff members. Lee et al 2011 describes a physician led 

clinic. In this study, the physician was responsible for developing the care plan, including 

interpretation of INR results, determination of warfarin dose adjustments, and timing of 

follow-up visits and frequency of INR monitoring. A clinical pharmacist provided a one-on-

one educational session to the patients. Nurses were the liaison between the pathological 

laboratory and the physician, as well as being responsible for contacting patients to deliver 

physician instructors and organise appointments. 

An alternative model of care is a pharmacist-led anticoagulation clinic. In most pharmacist-

led clinics, pharmacists monitor INR and recommend dose adjustments in collaboration with 

a physician. Point-of-care testing is a common component of pharmacist-run anticoagulation 

clinics. The level of care provided can be more extensive, such as the anticoagulation clinic 

described in Witt et al 2005 where specifically trained pharmacists facilitate all aspects of 

anticoagulation therapy. This includes patient education, the ordering of relevant laboratory 

tests including INRs, the adjustment of anticoagulation medication doses, the planning for 

interruption of anticoagulation therapy during invasive procedures, and the management of 

adverse events. 

One of the most comprehensive models of anticoagulation clinics has been established in 

the Netherlands. This is a nationally coordinated anticoagulation service. All patients 

receiving anticoagulation treatment are referred to a clinic in their region for anticoagulant 

monitoring (Rosendaal et al 1996). As reimbursement is based on participation in these 

clinics, very few patients receive treatment outside of a specialised clinic. The clinics are part 
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of the Federation of Dutch Thrombosis Services, which is an organisation that sets 

guidelines for treatment, facilitates laboratory quality control, organises conferences and 

postgraduate training and promotes research. Anticoagulation clinics may be associated with 

a hospital and some clinics also monitor inpatients. A nurse trained in anticoagulation 

services provides care for the patients, taking a medical history, conducting education and 

collecting blood samples. Medication dosage is monitored by a clinician, aided by a 

computerised algorithm.  

The Department of Veterans Affairs (DVA) in the USA provides anticoagulation therapy 

through anticoagulation clinics. The DVA provides guidance on the structure of each 

anticoagulation clinic (DVA 2010), however there are variations between each clinic. The 

Veterans Health Administration manages 128 sites, each of which includes a hospital, an 

outpatient care centre, and several outlying community-based clinics (Rose et al 2011). 

Each site has a specialised anticoagulation clinic, which is usually run by clinical 

pharmacists under the supervision of a medical director. The clinics monitor INR and provide 

medical advice to patients, such as educating patients on dietary requirements, as well as 

providing training to staff members. Patients have the option of using self-testing devices 

where appropriate. A review of the anticoagulation clinics by Rose et al 2011 described the 

differences in clinic structure. Approximately 50% of clinics conducted visits face to face, 

while the remainder provided care by telephone or mail. There was also variation in the staff 

at the centre, degree of documentation and patient tracking, use of quality improvement 

programs and coordination of care. None of these differences was a statistically significant 

predictor of improved anticoagulation control. 

Establishing anticoagulation clinics in Australia 

Implementing a system of anticoagulation clinics in Australia would require a significant 

investment of resources. The first step in establishing anticoagulation clinics in Australia 

would be evaluating which model would be most appropriate in the Australian clinical setting. 

A key consideration is the type of clinical staff who will be the primary service provider. 

Generally, anticoagulation clinics are either physician or pharmacist run. Currently, 

Australian pharmacists are unable to perform certain clinical functions, such as ordering INR 

tests and undertaking warfarin dose adjustments. If these functions were to be a component 

of pharmacist-led anticoagulation clinics, significant and costly changes to current Australian 

clinical practice would be required, for example development of training programs for 

pharmacists in anticoagulation management, which would be associated with additional 

costs. 
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Burnett et al 2011 describe the challenges of setting up an anticoagulation clinic in a hospital 

in the USA. In addition to need to develop an appropriate service model with the resources 

available, protocols for monitoring and evaluation of anticoagulation dosing had to be 

established. Staff members received extensive training, with a focus on both inpatient and 

outpatient management. The clinic had to develop a range of tools such as anticoagulation 

alerts and monitoring alerts to ensure effective communication between members of the 

multidisciplinary team, as well as metrics to evaluate the effectiveness of the clinic. The 

authors note that there is no single anticoagulation clinic model that will be appropriate for all 

institutions and that hospital and clinic specific models must be developed. It is therefore 

important that the most appropriate model of anticoagulation clinics for the Australian 

healthcare setting be determined prior to multiple clinics being established. This would 

require a review of the international literature in the context of the existing Australian health 

care system, determining which components of international clinics are relevant and feasible 

and then running pilot studies to evaluate the clinical efficacy in Australian patients. As 

discussed in Section 5, anticoagulation clinics are expensive and it would be an inefficient 

use of resources to introduce anticoagulation clinics without Australian specific evidence. 

The most successful models of anticoagulation clinics require almost universal coverage, 

ensuring that all patients have access to a clinic. As previously discussed, there is currently 

a shortage of GPs and pharmacists in Australia. The lack of available medical and pharmacy 

staff would be even more pronounced in rural and remote settings. Anticoagulation clinics 

are effective in small countries such as the Netherlands, but are a more challenging model of 

care in large, less densely populated countries such as Australia. There is some evidence 

that anticoagulation clinics could be used in rural and remote regions. Hodge et al 2008 

described a study conducted in rural Victoria which included an anticoagulation clinic, point-

of-care testing and patient education. The clinic employed a specially trained nurse, part-

time pharmacist and part-time dietician at the local hospitals. Subsequently, it was expanded 

to four other towns in the region. The clinic conducted INR testing and a one-hour, one-on-

one patient education program. All INR tests were forwarded to the patient‟s doctor, who 

managed warfarin dosing. The mean TTR was 68.6%, although there was no control arm. 

This model of rural anticoagulation clinic could be further evaluated with controlled trials.  

Conclusions 

Meta-analyses of anticoagulation clinics compared with usual care suggest that 

anticoagulation clinics are more effective at maintaining INR within a therapeutic range. The 

improvement in TTR was approximately 5% - 10%. No difference was found between 

anticoagulation clinics and patients self-testing and management. Care must be taken when 

interpreting the results of these studies due to the significant differences between individual 
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anticoagulation clinics and varying standards of usual care. It must be noted that although 

anticoagulation clinics are associated with more effective INR control, the meta-analysed 

TTRs were less than 70% in all publications. Even with specialised care patients were still 

out of the optimal INR range at least 30% of the time. Therefore, it may be appropriate to 

use other methods of improving warfarin control in addition to anticoagulation clinics. The 

effects of anticoagulation clinics on patient relevant outcomes, not just TTR, would need to 

be established. 

There is significant variability in the structure of anticoagulation clinics. Prior to the 

introduction of anticoagulation clinics, the most appropriate model for the Australian setting 

would need to be researched, particularly in terms of physician-led versus pharmacist-led, 

and in the context of the current health care delivery system in Australia. All anticoagulation 

clinics are resource intensive, with the need for a specially trained, multidisciplinary team. 

There would be accessibility issues if some Australians were unable to access an 

anticoagulation clinic, therefore the location and number of clinics would need to be 

considered. Anticoagulation clinics could be used in Australia as an intervention for 

improving warfarin control, however further research would need to be undertaken in the 

Australian setting to establish the most appropriate structure and the cost-effectiveness. 

Finally, the cost-effectiveness of establishing anticoagulation clinics compared with 

reimbursing the use of dabigatran would need to be demonstrated with the same rigour with 

which dabigatran was evaluated. 

Pharmacogenetic testing 

Recent research has shown that genetic variations in the CYP2C9 and VKORC1 genes are 

associated with differences in warfarin metabolism and sensitivity. CYP2C9 codes for the 

cytochrome P450 enzyme, which metabolises warfarin. Single nucleotide polymorphisms 

(SNPs) in this gene, such as CYP2C9*2 and CYP2C9*3, reduce the activity levels of this 

enzyme. This suggests that patients with these SNPs would require lower maintenance 

dosages of warfarin and may take a longer time to achieve steady-state plasma warfarin 

concentrations (Gulseth et al 2009). This could increase their risk of supratherapeutic INRs 

and subsequently lead to higher rates of bleeding events if standard warfarin dosing 

protocols were used. VKORC1 codes for the vitamin K epoxide reductase complex subunit 1 

gene which is the enzymatic target of warfarin. Mutations in this gene have been associated 

with a deficiency in vitamin-K-dependent clotting factors, resulting in increased sensitivity to 

warfarin (Gulseth et al 2009). Multiple SNPs in this gene have been identified. The 

association between SNPs and warfarin insensitivity in VKORC1 is less well established 
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than for CYP2C9. It is postulated that the SNPs in VKORC1 produce higher or lower levels 

of VKOR enzyme, and are therefore associated with different warfarin dose requirements.  

Although a link between specific genetic variations and warfarin metabolism and sensitivity 

has been established, the clinical relevance of pharmacogenetic testing remains unclear. It 

has been proposed that dosing algorithms based on pharmacogenetic information should 

allow clinicians to more accurately predict each patient‟s response to warfarin. However, the 

CYP2C9 and VKORC1 status predicts less than half of the variation in the response to 

warfarin (Martin 2009). Warfarin dose variability is associated with many factors, including 

age, height, body weight, race, dietary vitamin K intake, current illness, drug interactions as 

well as genetic variation. A review published in Australian Prescriber noted that current linear 

regression analyses which consider genetic polymorphisms of CYP2C9 and VKORC1, in 

addition to factors such as body weight, body surface area and height, have been able to 

capture only approximately half of the large inter-and intra-patient variation in dose 

requirements (Martin 2009). Other factors such as vitamin K status, alcohol intake and 

additional genetic factors are likely to account for some of the remaining difference in 

warfarin requirements. Although pharmacogenetic information improves the predictive ability 

of linear regression analyses, it is a single factor which must be considered in the context of 

other clinical indicators. 

The clinical effectiveness of dosing algorithms which included pharmacogenetic information 

was evaluated in a systematic review and meta-analysis (Kangelaris et al 2009). To be 

eligible for inclusion, the trial must have been a randomised study comparing a 

pharmacokinetic algorithm with a standard algorithm. Three trials, evaluating three different 

algorithms, were identified (Hillman et al 2005, Caraco et al 2008 and Anderson et al 2007). 

There was no significant difference in the meta-analysed rate of major bleeding (RR 0.69, 

95% CI 0.16, 2.91) when the pharmacogenetic algorithm was used. The percentage of time 

INR was in the therapeutic range could not be meta-analysed due to the significant 

heterogeneity between the trials. Although a significant difference was found in Caraco et al 

2008 (SMD -0.57, 95% CI -0.86, -0.28), this study was considered to be of poor quality due 

to inadequate randomisation and blinding, lack of ITT analysis and inappropriate follow-up. 

In contrast, no significant difference was found in Hillman et al 2005 (SMD -0.01, 95% CI -

0.64, 0.63) or Anderson et al 2007 (-0.05, 95% CI -0.32, 0.23), which were considered good 

quality and excellent quality respectively. Caraco et al 2008 reported a trend towards 

improvement in outcomes such as lower incidence of minor bleeding, decreased time to 

therapeutic INR, decreased time to stable warfarin dose and fewer days of INR >3. 

However, Hillman et al 2005 or Anderson et al 2007 found no difference in these outcomes.  
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Overall, the authors concluded that there was insufficient evidence to support the use of 

pharmacokinetic dosing to guide warfarin therapy. RCTs published after this systematic 

review supported this conclusion. Huang et al 2009 found that the pharmacogenetic 

algorithm was associated with a shorter time to achieving an INR of 1.8 – 3.0 (24 days vs. 35 

days in the control arm, p=0.001). Patients treated using the pharmacogenetic algorithm also 

spent more time with an INR of 1.8 – 3.0 (28 days vs. 22 days, p=0.001) and were more 

likely to reach a stable dose (50% vs. 61.7%, p=0.013). However, there was no difference in 

the time of dose adjustments in the hospital (19 days vs. 20 days, p=0.300) or the rate of 

serious adverse events (11.5% vs. 13.3%, p=0.757). McMillin et al 2010 evaluated a 

pharmacogenetic dosing algorithm in patients receiving warfarin after joint replacement 

surgery. There was no significant difference in the mean number of doses to first therapeutic 

INR (3.9 doses for the pharmacogenetic algorithm vs. 3.4 doses for the control algorithm) or 

the mean number of doses before the first dose adjustment (3.1 doses for the 

pharmacogenetic algorithm vs. 3.6 doses for the control algorithm). There was also no 

significant difference in the incidence of adverse events, time to first supratherapeutic INR, 

and percent of INR determinations that fell below, within, and above the therapeutic range. 

Burmester et al 2011 reported that patients in the interventional arm did not achieve greater 

time in therapeutic range (30.8% vs. 29.1%, p=0.564). There was also no difference in time 

to stable therapeutic dose (31 days vs. 29 days, p=0.90). There was also no difference in 

time in INR >4 or the rate of adverse events between the two study arms. Overall, these 

studies found no significant improvement in clinical outcomes when pharmacogenetic 

algorithms were used. 

The cost-effectiveness of pharmacogenetic screening has been explored in a number of 

publications. McWilliam et al 2008 published a cost-analysis of pharmacogenetic testing. 

However the analysis was not based on any clinical trial data, with assumptions made about 

the potential effectiveness of pharmacogenetic screening. The authors concluded that 

serious bleeding events could fall by 4,500 – 22,000 events per year if genetic-based dosing 

proved to be effective. The additional cost per patient could range from US$300 to cost 

saving. A number of publications have described economic models based on clinical trial 

data. Eckman et al 2009 evaluated pharmacogenetic screening in patients with atrial 

fibrillation newly initiated on warfarin. Screening was not found to be cost effective, with an 

ICER of US$171,800 per QALY. The model was sensitive to the cost of the screening test, 

time taken for results to be available and effectiveness of the algorithm in preventing major 

bleeding. You et al 2009 evaluated pharmacogenetic guided dosing on patients initiating 

warfarin therapy. The reported ICER was US$347,059 per QALY. The three most influential 

variables on the ICER were genotyping cost, relative percentage reduction in out-of-range 
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INRs in the genotype-guided dosing group and percentage of out-of-range INRs in the 

standard dosing group. Meckley et al 2010 evaluated the addition of pharmacogenetic 

screening for patients receiving warfarin. The ICER was US$60,725 per QALY. The largest 

influence on the ICER was the cost of the screening test. The number of screening tests 

must also be considered, with the total cost increasing when multiple alleles are tested (eg 

CYP2C9 alone compared with both CYP2C9 and VKORC1). The authors of all three papers 

concluded that there was considerable uncertainty in the economic value of 

pharmacogenetic testing, with the base case ICER being outside the range generally 

considered cost-effective. 

The Australia and New Zealand Horizon Scanning Network (ANZHSN) evaluated the 

evidence for CYP2C9 testing in patients receiving warfarin (ANZHSN, 2010). The report 

noted that pharmacogenetic testing was not regularly used in Australia or internationally. A 

small number of laboratories in Australia perform CYP2C9 and VKORC1 testing, with costs 

ranging from $50 - $90. All commercial platforms and in-house assays assessed in the 

report were considered accurate in terms of identification of specific CYP2C9 and VKORC1 

polymorphisms. The review noted the need for large clinical trials to determine the clinical 

utility of genotyping all patients prior to commencing warfarin therapy. A further limitation 

was the lack of Australian specific economic analyses. The report concluded that these 

issues should be considered before pharmacogenetic testing enters routine clinical practice 

in Australia.  

Genetic testing for variations in the CYP2C9 or VKORC1 genes is currently not funded by 

Medicare. The test is available in some laboratories, with the full cost of the test paid borne 

by the patient. In order for these tests to be reimbursed they would need to be considered by 

the Medical Services Advisory Committee (MSAC), who would evaluate the strength of 

evidence relating to the safety, effectiveness and cost effectiveness of testing. As discussed 

above, there is limited evidence that pharmacogenetic testing is clinically effective or cost 

effective. Even if additional data were available, the average duration from lodgement to 

listing through the MSAC process is over 30 months (O‟Malley 2010). Consequently, it is 

unlikely that pharmacogenetic testing will be reimbursed and made available to all 

Australians in the near future. 

When all of the current data is considered, there is insufficient evidence to suggest that the 

use of pharmacogenetic information improves clinical outcomes in patients receiving 

warfarin. The results from three different economic models indicated that pharmacogenetic 

testing was not cost effective. This was supported by a recent publication (Johnson et al 

2011) which reviewed the evidence for pharmacogenetic testing and concluded that “routine 

application of this biotechnology to clinical medical care is not yet recognized to be cost 
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effective or clinically useful.” Given the lack of supportive clinical and economic data, 

pharmacogenetic testing is unlikely to be reimbursed by Medicare. Pharmacogenetic testing 

is therefore not a model of health system delivery which could currently be used to optimise 

the use of warfarin in Australia. 

Pharmacist-led Anticoagulation Management 

The final report of the New Zealand Community Pharmacist-led Anticoagulation 

Management Service (CPAMS) project has recently been published (Shaw et al 2011). It 

was an observational study describing the outcomes of a new model of care involving point 

of care testing performed by pharmacists. The subjects were patients taking warfarin. An 

online decision-support system provided dosing recommendations and allowed pharmacists 

to communicate with GPs. A total of 693 patients were referred to the service by their 

general practitioners, which was provided in 15 pharmacies across New Zealand. The 

majority of patients (74%) were taking warfarin for the prevention of ischaemic stroke 

associated with atrial fibrillation. The mean TTR in the 671 patients for whom data was 

available for evaluation (at least 2 INR results) was 78.6% within the 26-week evaluation 

period, although this data was uncontrolled. A total of 106 patients (15.3%) withdrew from 

the service. The number of minor adverse events reported in the trial was 436 were reported 

during the study period, with 10 major adverse events (seven major bleeds and three 

thromboembolic events). 

Comparative data was only available for a subset of 154 patients. INR data for the 6-months 

preceding the implementation of the service was evaluated. In these patients, the mean TTR 

was 60.4% under standard care provided by GPs and 77.5% under the intervention             

(p <0.001). This is the only comparative data available from the study report and it is 

therefore difficult to draw conclusions from the other outcomes presented in the report.  

Patients were enrolled in the study based on the recommendation of their pharmacist, GP or 

practice nurse. They could also volunteer themselves for the trial. There is a selection bias 

towards more stable patients, as people with unstable INRs are not as likely to have been 

referred to the service. There was no apparent change in the testing interval in patients with 

pre-CPAMS INR data available. As there was no control group controlling for some of these 

variables, it is unknown how each factor contributed to the improvement in INR control 

compared to standard care. Adverse event data presented in the report were based on 

patient reporting, and were not verified using GP or hospital records, making the 

interpretation of these data difficult.  

The CPAMS intervention is broadly similar to the PoCT trial (see Bubner 2009 page 45). The 

main difference between the trials was the use of a computerised decision-support tool. The 
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key limitations of this study are the lack of comparative data and selection bias. It is also a 

model of care which is not appropriate for all patients, particularly patients who require or 

prefer more regular interactions with their GP. This intervention would need to be tested in a 

controlled way in Australian to evaluate its effectiveness and costs prior to being introduced 

as a routine service. Long term health outcomes would also need to be assessed. 

Canadian Agency for Drugs and Technologies in Health (CADTH) review of 

warfarin management 

CADTH conducted a systematic review of the literature in order to compare the clinical 

effectiveness of different models of warfarin management. The report identified one HTA and 

eight systematic reviews or meta-analyses and 18 primary studies. They evaluated 

anticoagulation clinic care, different models of specialised care, self-testing or self-

management computer-assisted anticoagulant dosing. 

The key findings of the clinical systematic review were: 

 Specialised anticoagulation services improve TTR compared with usual care.  

 Improvement of TTR within the included studies did not necessarily translate into a 

reduction in haemorrhage, thromboembolism, or need for additional medical care.  

 The evidence available that compares different specialised models of care or service 

components is limited in both quantity and quality.  

 The effect of patient self-testing (PST) or patient self-management (PSM) on TTR 

was mixed, with studies showing either improved TTR with patient self-testing / 

patient self-management (patient self-testing alone or in combination with patient 

self-management) or no difference between models of care.  

 Effects on clinical outcomes were also mixed, but patient self-testing / patient self-

management generally resulted in lower mortality rates and reduced incidence of 

thromboembolism.  

 Patient self-testing / patient self-management did not affect the rate of bleeding 

events. Patient self-testing / patient self-management may improve quality of life and 

patient satisfaction. 

The systematic reviews indicated that specialised anticoagulation clinics were associated 

with higher TTR compared with usual care, but do not tend to result in significant differences 

in bleeding events, thromboembolism, or mortality. There was a difference between RCT 

evidence and non-randomised trials, which may be more reflective of actual practice. The 

results of the systematic reviews were supported by findings from five additional trials.  
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Systematic reviews comparing patient self-testing or self-management with other models of 

anticoagulation care showed that PST/PSM resulted in lower mortality rates and lower 

incidence of thromboembolic events, but there was no significant difference in the rates of 

bleeding events where reported. TTR was similar between PST/PSM patients and those 

receiving care in anticoagulation clinics, but self-testing or management resulted in better 

TTR than usual care in one HTA. One meta-analysis showed that use of point-of-care 

monitoring devices in any setting improved INR control. In contrast to the systematic 

reviews, results from additional primary studies indicated an increase in TTR with PST/PSM 

compared with specialised anticoagulation clinic care, but no difference compared with usual 

care. One study found, when patients were stratified based on quality of INR control (TTR 

above or below 60%), that patients with poor control had a significant improvement in TTR 

when switched to PSM. One of the primary studies showed a trend toward fewer bleeds or 

thromboembolisms with self-testing, but no statistical analysis was provided. 

Four articles compared the use of computer dosing algorithms with manual dosing by 

medical staff. These studies found an increase in TTR with computer-assisted dosing, but 

reported no significant difference in thromboembolism, bleeding, or mortality rates. One 

study compared different models of specialised care and found nurse-managed and 

pharmacist-managed services to result in a statistically significant increase in TTR compared 

with usual care. When compared with nurse-managed care, pharmacist-managed services 

were associated with a significantly higher TTR. However, nurse-managed care was not 

statistically different from usual in the number of hospitalisations or ER visits; both resulted in 

a significant increase in hospital or ER visits compared with pharmacist-managed services.  

The reported noted that the patients who participated in studies examining patient self-

testing or self-management may not be representative of the general population. They are 

typically self-selected, and other eligibility criteria, such as the ability to use a computer and 

internet-based dosing programs, may select for a particular demographic that is not 

indicative of the suitability of self-testing or self-management for all patients receiving 

anticoagulation therapy.  

CADTH also conducted an economic evaluation and concluded that the cost of specialised 

anticoagulation services in Canada were uncertain. The key were: 

 The incremental cost-effectiveness ratio of patient self-management compared with 

physician management of anticoagulation was C$14,000 over a five-year time 

horizon and from a health payer perspective. 
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 Hospital-based physician- or pharmacist-managed anticoagulation services were 

associated with lower costs than community physician-managed care in two costing 

studies and with higher costs in a third study. 

 The three-month Ministry of Health costs of anticoagulation were C$108, C$145, and 

C$199 for hospital-based physician-managed care, hospital-based pharmacist-

managed care, and community physician anticoagulation management, respectively. 

 The cost-utility estimate was limited by uncertainty in the clinical data. Two costing 

studies had methodological weaknesses that may limit the validity of the findings. In 

the third costing study, there were differences in the characteristics of patients 

treated in the hospital compared with the community, which may have affected the 

costs. The duration of two costing studies was insufficient to capture differences 

between comparators on the costs related to bleeding or thromboembolic events. 

An expert review committee considered the evidence and concluded that specialised 

anticoagulation services do not consistently reduce haemorrhages, thromboembolism, or the 

need for additional medical care. Specialised anticoagulation services improve time in TTR 

compared with usual care by a modest amount. The available evidence comparing different 

specialised models of care or service cCanomponents is limited in both quantity and, in 

particular, quality. The committee also noted that there is a need to look beyond TTR and 

include hard outcomes such as bleeding and frequency of emergency room visits. Their 

recommendation was that “patients with non-valvular atrial fibrillation requiring warfarin be 

managed by a well-coordinated, structured approach dedicated to their anticoagulation 

therapy. This does not need to be restricted to specialised anticoagulation clinics.” 
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5. INCREMENTAL COSTS OF INTERVENTIONS PER 
PATIENT 

The systematic review of the literature identified numerous studies aimed at improving 

warfarin use in the Australian clinical setting. In this section an approximate cost per patient 

was estimated for each study by category of intervention (i.e., Point-of-Care, Home 

Medication Reviews and Prescriber Training and Education). The studies in the category 

Hospital based interventions were not costed as there was no evidence of long-term 

outcomes and the proposed use of dabigatran is primarily for patients in the community 

treatment setting. 

Some of the programs presented in this section appear to have a relatively low cost. When 

viewing these costs however, one must remain cognisant of the evidence of effectiveness 

presented in the previous section. A smaller amount of money poorly spent is still an 

inefficient use of scarce health resources and the opportunity cost of such wasteful spending 

should also be considered. 

To truly examine whether the programs discussed here represent a worthwhile investment of 

public money, a detailed cost-effectiveness analysis is required. Interestingly, the only 

program to have such an assessment by the Medical Services Advisory Committee (MSAC) 

is Point-of-Care Testing, which was ultimately found not to be cost-effective. It is highly 

doubtful given the limited evidence of long-term effectiveness that any of the other programs 

discussed here would represent value for money. 

The program costs presented in this analysis are conservative in that many costs associated 

with the implementation of the programs are not accounted for (e.g., costs of pilot programs, 

administrative costs, costs of reviews). It should also be pointed out that all costs per patient 

are reported as incremental costs; any costs shown here are in addition to any existing drug 

and monitoring costs. It is important to note that this is simplistic since the comparative 

effectiveness of the interventions is not considered here. To truly examine whether an 

intervention represents value for money a detailed cost-effectiveness analysis is required, 

which is beyond the scope of this submission. 

Some programs, such as the introduction of specialised anticoagulation clinics would need 

to be trialled in Australia before being adopted given the significant differences in Australian 

treatment practices and geography compared to the overseas environments in which they 

have previously been operated. 
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Approach 

The analyses presented in this section are based on the resource items use reported in the 

identified studies. The costs of the resource items have been modified to be consistent 

across all studies and more accurately reflect the real financial cost of the proposed 

programs. Where costs of resource items were modified, a justification is provided. 

Many studies which were reviewed did not include any financial analysis. In this case an 

attempt was made to estimate the costs of the program based on costs provided for similar 

programs. Each of these assumptions is clearly described. 

A key consideration in determining the cost per patient for each of the identified categories of 

interventions to improve warfarin use in Australia is the uptake of the program by patients, 

pharmacists and general practitioners. To enable appropriate comparisons between 

programs the same uptake rates were used. 

Finally, the estimated cost per patient for each program represents an approximate value 

only. This is because many costs associated with setting up and running a program were 

excluded. For example, the cost to the Department of Health to administer the program and 

costs associated with the promotion of the program to patients and health care providers 

were not included. 

Community Prescriber Training 

The literature search identified three trials evaluating community prescriber training: Crotty et 

al 2004, Jackson et al 2004a and Mandryk et al 2008. Crotty 2004 described a physician and 

nurse training program at a residential care facility, while Jackson 2004a and Mandryk 2008 

evaluated two different models of GP education programs. 

The clinical effectiveness of these interventions was discussed in detail in Section 4.1. There 

was insufficient evidence to conclude that community prescriber training would significantly 

improve warfarin use in Australia. Crotty et al 2004 found no difference in the proportion of 

patients prescribed warfarin when residential care staff were trained. Mandryk et al 2008 

concluded that there was no change in prescribing behaviour as a result of GP training. 

Jackson et al 2004a reported a significant increase in warfarin use over a 12 month period. 

However, the study did not assess the effectiveness of warfarin treatment eg an assessment 

of INR control or bleeding events. In order for this type of education to beneficial over the 

longer term, the educational messages would need to be regularly reinforced, and potentially 

changed over time to ensure it remains effective. These factors were not explored in the trial. 

The cost-effectiveness of community prescriber training was not evaluated. 
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Despite the limited evidence for the clinical effectiveness of these interventions, and lack of 

evidence for the cost effectiveness of these interventions, the cost per patient associated 

with each of these PoCT models is described in more detail below.  

Training program at a residential care facility – Crotty et al 2004 

The costs involved in a training program conducted at a residential care facility are based on 

Crotty et al 2004. This study evaluated an outreach program in which physicians at 

residential care facilities received two visits by a pharmacist as well as a presentation to staff 

of the facility. An audit of was conducted at each facility and the information fed back to the 

physician. One nurse per facility was also given training in change management. 

No estimate of the cost of delivering this service is provided in the study. The utilisation 

estimates used in the cost analysis are, where possible, estimated from the description of 

the services provided in this study. Due to the limited information reported in the paper and 

general lack of information on the cost of educational programs, not all items of resource 

could be attributed a cost. Nonetheless, the items of resource use and associated cost 

included in the analysis are presented in Table 12. 

In order to estimate the cost of this community education program, an estimate of the total 

number of general practitioners and residential facilities who would participate in the 

program is required. No such estimates are reported in the study or reported elsewhere at 

the time of this submission. However, the study by Mandryk et al 2008, reports an NPS 

study which at its peak involved 33% of all GPs in Australia. It is therefore assumed that this 

level of participation would also be achieved by residential facilities. Tannous and Luo 2005 

report that there are approximately 3,000 residential facilities in Australia. The total number 

of participating residential facilities is therefore estimated as 990. Since a total of six 

physicians per facility were recruited, the total number of GP participating in the program is 

5,940 (990 x 6 = 5,940).  

Each of the estimated total number of physicians received two 30 minute visits from the 

pharmacist. The total number of visits by pharmacists is therefore 11,880. The 

corresponding cost of these visits is based on the pharmacist hourly rate of $52.53 per hour 

as reported by Peterson et al 2010. 

The pharmacist also visited each facility to present to staff on reducing the use of 

medications. The study did not report the duration of this visit and for the purpose of this cost 

analysis it is assumed that this visit was of one hour duration. 

One nurse in each facility underwent four two hour sessions in change management, 

management of behavioural symptoms, medication management and falls prevention 
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techniques. The nurse‟s time is costed at the hourly rate of $29.90 per hour as reported by 

Peterson et al 2010.  

Due to the lack of information provided by Crotty et al 2004, it was not possible to attribute a 

cost to the pharmacist education, facility audit or the cost of developing the training program. 

Unlike the analysis conducted for the Point of Care Testing Programs, educational programs 

are assumed to represent an incremental cost. As such the community education program 

would be over and above that currently offered in clinical practice.  

In order to enable comparisons with the other warfarin interventions presented, the total cost 

of the community education program must be converted to a cost per patient. At the time of 

this submission, there are no estimates available on the total number of patients in 

residential facilities who could potentially benefit from this program. Therefore it is assumed 

that approximately 60,027 patient would benefit from this program. This figure was chosen to 

maintain consistency with the patient estimates used for the other warfarin intervention 

programs. 

Table 12 Training program at a residential care facility: Resource utilisation and 
cost assumptions 

Resource Item Cost/Item Source 

Remuneration 

Pharmacist remuneration $52.53/hour Peterson et al 2010  

Nurse remuneration  $29.90/hour Peterson et al 2010  

Program Uptake 

Number of patients per annum 60,027 Based on Peterson et al 2010 

GP‟s Participating (6 x 990) 5,940 Crotty et al 2004 

Residential Care Facilities (33% of all facilities) 990 NPS, Tannous & Luo 2005 

Utilisation 

GP education visit (30 min pharmacist) 2 Crotty et al 2004 

Facility education sessions (1 hour pharmacist) 1 Crotty et al 2004 

Nurse education (2 hours – 1 per facility) 4 Crotty et al 2004 

 

The total cost of the program is estimated at $600,000 per year which on a per patient basis 

translates to approximately $10.01 per patient per year (Table 13). 
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Table 13 Training program at a residential care facility: Total Cost per Patient 

Resource Item Cost/Unit Units Total Cost 

Community Education       

Cost per patient     

Pharmacist remuneration GP visits $52.53 5,940  $321,028.20 

Pharmacist remuneration Facility $52.53 990  $52,004.70 

Nurse Education (8 hours at $29.90/hour) $239.20 990 $236,808.00 

Total Cost Community Education     $600,840.90 

Total Cost per Patient Community Education   $10.01 

 

GP education 1 – Jackson et al 2004a 

The costs involved in a GP education program are based on Jackson et al 2004a. A second 

type of GP education program was described by Mandryk et al 2008 and is costed in the 

following section. Jackson et al 2004a study described a comprehensive GP education 

program where GPs mailed stroke prevention guidelines and received an educational visit by 

a pharmacist. The study does not provide an estimate of the cost of delivering this education 

program. As such the resource utilisation was estimated from the description provided in the 

study.  

As was the case for Crotty et al 2004, in order to estimate the cost of this warfarin 

intervention program, an estimate of the total number of general practitioners participating in 

the education program is required. Again it was assumed that the uptake rate of 33% 

reported by Mandryk et al 2008 would be achieved. Thus, approximately 6,600 GPs would 

participate in this program (20,000 GPs x 33% = 6,600). 

The total number of pharmacies that would participate in this program is based on the 

maximum participation rate reported in the Pharmacy Guild of Australia study by Peterson et 

al 2010 of 1,700 pharmacies nationally. 

The pharmacist visit to the GP was estimated to take approximately an hour of the 

pharmacist time.  

Several items of resource are not included in the cost analysis due to the lack of information. 

For example, it is not clear whether the treatment guidelines were newly developed or 

whether existing guidelines were reproduced and provided to the GPs. Similarly, in order for 

the GP to agree to participate in this program GP compensation would be required. This 

analysis is therefore restricted solely to the time of the pharmacist to deliver the service 

which is costed at the hourly rate. As evidenced by the HMR program currently in existence, 

pharmacist and GP alike would require compensation far in excess of the estimates provided 
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in this analysis. Despite the potential shortcomings of this analysis, the items of resource use 

and associated cost included in the analysis are presented in Table 14. 

Table 14 GP education 1: Resource utilisation and cost assumptions 

Resource Item Cost/Item Source 

Remuneration 

Pharmacist remuneration $52.53/hour Peterson et al 2010  

Program Uptake 

Number of patients per annum 60,027 Based on Peterson et al 2010 

GP‟s Participating (33% of all GPs) 6,600 Crotty et al 2004 

Pharmacies participating 1,700 Peterson et al 2010 (p161) 

Utilisation 

Pharmacist visit (1 hour pharmacist) 1 Crotty et al 2004 

 

As was the case in earlier analyses it was assumed that approximately 60,027 patients 

would benefit from this intervention.  

Based on the above-mentioned assumptions, including the uptake rate, the annual cost for 

Community Education Programs would be approximately $347,000 or on a per patient basis 

$5.78 per patient per year (Table 15).  

Table 15 GP education 1: Community Education Program 

Resource Item Cost/Unit Units Total Cost 

Community Education       

Cost per patient     

Pharmacist remuneration GP visits $52.53 6,600  $346,698.00 

Total Cost Community Education     $346,698.00 

Total Cost per Patient Community Education   $5.78 

 

GP education 2 – Mandryk et al 2008 

Mandryk et al 2008 described a different GP education program to that presented in Jackson 

et al 2004a. The costs of this program are presented here. Mandryk et al 2008 evaluated the 

impact of educational activities run by the National Prescribing Service (NPS) including mail 

outs to all GPs in Australia and one-on-one or small group educational sessions.  

This publication did not report a financial analysis but it does report the total number of visits 

to GPs, small group meetings, clinical audits/case studies conducted and the total number of 

participating GPs. For each of these items assumptions were made with regard to the cost 

associated with these activities (Table 16). 
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Table 16 GP education 2: Resource utilisation and cost assumptions 

Resource Item Cost/Item Source 

Remuneration 

Pharmacist remuneration $52.53/hour Peterson et al 2010 

Nurse Remuneration $29.90/hour Peterson et al 2010 

Program Uptake 

Number of patients per annum 60,027 Based on Peterson et al 2010 

GP‟s Participating (33% of all GPs) 7,000 Mandryk et al 2008 

Educational visits to GPs 5,103 Mandryk et al 2008 

Small group meetings 1,974 Mandryk et al 2008 

Clinical Audits/Case Studies 1,175 Mandryk et al 2008 

Utilisation 

Pharmacist visit (1 hour pharmacist) 1 Crotty et al 2004 

Small Group Meeting (Venue hire/day) $320.00 MGSM Rates 2011 

Clinical Audits/Case Studies (Nurse 8 hours) $239.20 Assumption 

 

Cost estimates for the GP education by pharmacists were costed at the pharmacist hourly 

rate reported by Peterson et al 2010.  

Each of the reported small group meetings were costed at $320.00. This is the current day 

rate for meeting room hire at Macquarie Graduate School of Management (MGSM) 

conference centre and although the small group meetings did not last an entire day, some 

time and effort would have been required by the staff of the NPS to organise the meeting 

and prepare the materials for the education session.  

Clinical audits and case studies are part of standard practice by the NPS and as such do not 

represent an incremental cost. However, it is assumed that if this program was to be 

implemented on an ongoing basis, these costs would be incurred on an ongoing basis. The 

tasks associated with these clinical audits and case studies are assumed to be undertaken 

by nurses currently employed by the NPS and take approximately 8 hours to complete. 

Some resource items are not included in the cost analysis due to a lack of detail in the 

Mandryk et al 2008 report. For example, it is not clear whether the mail out was newly 

developed and what, if any, costs were incurred during the development of the materials 

(e.g. expert panel meetings, graphic design agency fees, material fees, printing). 

Nonetheless, based on the above-described assumptions the annual cost per patient for 

Community Education Programs would be approximately $1.2 million or $19.67 per patient 

per year assuming that approximately 60,027 patients would receive benefit from this service 

(Table 17).  
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Table 17 GP education 2: Total Cost per Patient 

Resource Item Cost/Unit Units Total Cost 

Community Education       

Cost per patient     

Pharmacist remuneration GP visits $52.53 5,103 $268,060.59 

Small group meetings $320.00 1,974 $631,680.00 

Clinical audits and case studies $239.20 1,175 $281,060.00 

Mail out costs    

Total Cost Community Education     $1,180,800.59 

Total Cost per Patient Community Education   $19.67 

 

Point-of-Care Testing (PoCT) 

The literature search identified three trials evaluating point-of-care testing: Bereznicki et al 

2010, Bubner et al 2009 and McLachlan et al 2005. The three studies described different 

type of point-of-care testing. Bereznicki et al 2010 and McLachlan et al 2005 evaluated 

point-of-care testing in the pharmacy setting, working in collaboration with GPs to adjust 

dosing. The INR testing was performed by patients (self-monitoring) in Bereznicki et al 2010 

and pharmacists in McLachlan et al 2005. Bubner et al 2009 evaluated point-of-care testing 

conducted by GPs.  

The clinical effectiveness of these interventions was discussed in detail in Section 4.1. 

Overall, there was limited evidence that point-of-care testing was effective. The intervention 

was not associated with improved quality of life. Bereznicki et al 2011 reported a non-

significant increase in the mean TTR and a significant increase in the mean proportion of 

tests in range for each patient, although this was based on a very small sample of patients 

(N=28). Eligible patients in Bereznicki et al 2010 were selected by pharmacists, with the 

report noting that this is not a model of warfarin management suitable for all patients. 

McLachlan et al 2005 recruited a larger patient population (N=53) and found no difference in 

the length of time INR readings were 2-3. The most rigorous study was conducted by Bubner 

et al 2009, recruiting 944 patients from 53 practices around Australia, including urban, rural 

and remote locations. It was a cluster randomised trial conducted over an 18 month period. 

Point-of-care testing was associated with a lower proportion of patients with an INR of 2-3 

and a significantly lower proportion of tests with an INR of 2-3. The authors concluded that 

point-of-care testing was less effective than laboratory testing. Bubner et al 2009 conducted 

a cost effectiveness analysis and concluded that point-of-care testing was not cost-effective. 

McLachlan et al 2005 found point-of-care testing to be more expensive than usual care in 

the first year, but less expensive in subsequent years.  
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Despite the lack of evidence for the clinical effectiveness and cost effectiveness of these 

interventions, the cost per patient associated with each of these PoCT models is described 

in more detail below.  

Patient self-monitoring of INR- Bereznicki et al 2010 

The costs involved in patient‟s self-monitoring their INR through point-of-care testing are 

based on Bereznicki et al 2010. This study provided an education session to pharmacists. 

The program covered helping pharmacists to identify patients who would be suitable for self-

monitoring and providing patients with training in the use of point-of-care testing. 

Pharmacists referred eligible patients to their GP along with a recommendation to set up a 

home medicine review. 

This study did not include a financial analysis of the cost of the program. To derive an 

approximate estimate of the cost per patient, assumptions on resource utilisation were 

made. Each assumption is presented in Table 18. 

Table 18 Patient self-monitoring of INR: Resource utilisation and cost 
assumptions 

Resource Item Cost/Item Source 

Remuneration 

Pharmacy initial training cost $500.00 Peterson et al 2010  

Pharmacist remuneration per HMR $194.07 Medicare Australia 

GP HMR $148.90 MBS item 900 

GP remuneration per patient $16.30 MBS item 3 

Ongoing incentive scheme per pharmacy $300.00 Peterson et al 2010 

Program Uptake 

Number of patients per annum 60,027 Peterson et al 2010  

Number of pharmacies per annum 1,700 Peterson et al 2010  

Utilisation 

Cost of INR Testing Device $649.95 www.chemistaustralia.com.au 

Cost per Device INR Test (incl. Disposables) $5.95   

Cost/Lancet $0.16 www.chemistaustralia.com.au  

Cost/Strip $5.79 www.chemistaustralia.com.au 

INR pathology test $19.80   

  MBS Pathology $13.80 MBS Item 65120 

  Patient Initiation Episode Fee $6.00 MBS item 73928 

GP consultation $16.30 MBS item 3 

INR Tests/Year without program (14.4) 20.4 Bereznicki et al 2010 - adjusted 

INR Tests/Year with program (32.4) 32.4 Bereznicki et al 2010 - unadjusted 

 

As shown in Table 18 above, it is assumed that in order to successfully implement this 

program in Australia, both the pharmacist and the general practitioner must be remunerated. 

http://www.chemistaustralia.com.au/
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In addition, an ongoing incentive scheme is required to keep pharmacists participating in the 

program. 

In the absence of existing government funded remuneration for Point of Care testing, the 

estimates reported in the Peterson et al 2010 study were used. Peterson et al 2010 

(Pharmacy Guild of Australia) study investigated home medication review together with 

point-of-care testing. Therefore, it is assumed that the same remuneration would apply for 

point-of-care testing in order for both pharmacists and general practitioners to participate. 

The figures reported in Peterson et al 2010 were updated to reflect the current cost. 

Consistent with the study, only one HMR is performed (i.e. pharmacist HMR: $194.07, GP 

HMR: $148.90, Annual pharmacy incentive: $300.00, Pharmacy Training: $500.00). These 

assumptions are reasonable because eligible patients would receive an HMR from the 

pharmacist for training with the INR testing device. In addition, the pharmacist would conduct 

an HMR in consultation with the GP annually.  

In current clinical practice where INR test are conducted through laboratories a short 

consultation with a GP is required for every six INR tests. It is assumed that if this point-of-

care testing program is implemented, a short consultation with a GP is required. Consistent 

with the INR Point of Care Testing in General Practice Report (MSAC 2005) a short 

consultation is costed at one sixth of $16.30 per INR test (MBS Item 3 - Level A 

consultation). 

The cost per year is also influenced by the rate of uptake of the proposed program. 

Bereznicki et al 2010 do not provide an estimate of the rate of uptake of the point-of-care 

testing program. However Peterson et al 2010 reported an estimate rate of uptake for 

improving warfarin use programs for patients recently discharged from hospital. Although the 

Peterson et al 2010 study evaluates the use of HMRs, it does provide insight into the 

estimated uptake of these types of programs for patients recently discharged from hospital. 

Peterson et al 2010 estimates that, despite remuneration and ongoing incentive schemes, 

only one-third of pharmacies would participate (approximately 1,700 pharmacies) and that 

these pharmacies would treat approximately 20,000 of the total estimated 73,300 patients 

who are discharged on warfarin each year. Thus, the uptake rate is 27.3%. Applying this per 

cent to the reported total number of patients treated with warfarin each year (i.e. current 

warfarin use and new initiations) of 220,000 (of which approximately half would be AF 

patients), the maximum total number of patients who would be willing to participate in the 

point-of-care program in Australia is 60,027. 

The cost of the INR testing at the Point of Care is estimated based on the current retail price 

of the device of $649.95 and the associated consumables of $5.95 per INR test (i.e. test 
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strips: $5.79, lancets: $0.16). Since all patients entering the program require an INR testing 

device and associated consumables, it is assumed that these costs are funded by the 

Commonwealth. 

By implementing this point-of-care program, it would replace current practice which involves 

a patient visiting the GP for a blood sample and INR testing through the pathology 

laboratories. To estimate the cost of current practice, the existing MBS items for INR 

pathology testing and a GP consultation is applied to the total number of INR tests 

conducted per patient per year multiplied by the total number of patients who would use 

point-of-care testing instead of visiting their GP (i.e. 60,027 patients per year).  

Bereznicki et al 2010 reports that 14.4 INR tests were conducted prior to intervention (i.e. 

PoCT). However, General Practice Research Network (GPRN) (Appendix M – Commercial 

in Confidence) data indicates that in current clinical practice patients receive on average 

20.4. This estimate has been used in the cost analysis.  

During the Point of Care program, patients were tested 32.4 times. Although it is possible to 

adjust the number of INR tests at the Point of Care Testing using the ratio of current clinical 

practice over pre-intervention (i.e. 20.4/14.4 = 1.41), for the purpose of the cost analysis the 

number of INR test for PoCT is maintained at the 32.4 observed during the trial. This is 

because adjusting the total number of INR tests performed with point-of-care testing using 

the above-mentioned method this would generate a total of 45.9 tests per year. This may be 

considered too high and therefore potentially lead to an overestimation of the cost of the 

program.    

The cost of implementing this point-of-care program is estimated as the difference between 

the cost of the proposed program and current clinical practice. On a per patient basis, the 

cost of this program is $837 in the first year (Table 19). The total cost of the program is 

estimated at $77.8 million in the first year but with cost off-sets of $27.6 million, the net total 

cost of this program is $50.2 million. A substantial proportion of the cost is associated with 

the purchase of the INR point-of-care testing device for patients participating in the program. 



COST OF INTERVENTIONS TO IMPROVE WARFARNI USE 

PAGE 81  BOEHRINGER INGELHEIM SUBMISSION TO THE ANTICOAGULATION REVIEW 2012 

Table 19 Patient self-monitoring of INR: Total Cost per Patient 

Resource Item Cost/Unit Units Total Cost 

Patients self-monitoring of INR       

Cost per patient 
  

  

Pharmacist remuneration (HMR) $194.07 60,027 $11,649,495.23 

GP Remuneration HMR $148.90 60,027 $8,938,062.76 

GP remuneration per test $2.72 1,944,884 $5,283,601.64 

INR testing Device $649.95 60,027 $39,014,733.97 

$/INR test $5.95 1,944,884 $11,569,304.77 

Cost per pharmacy 
   

Pharmacy training $500.00 1,700 $850,000.00 

Ongoing incentive program $300.00 1,700 $510,000.00 

Patient self-monitoring of INR     $77,815,198.36 

Current Practice       

Cost per patient 
  

  

GP remuneration per test (1/6th) $2.72 1,224,556.62 $3,326,712.14 

INR Tests $19.80 1,224,556.62 $24,246,221.01 

Total Current Practice     $27,572,933.15  

Net Total Cost of Proposed Program 

Total Cost of Proposed Program     $50,242,265.21 

Total Cost per Patient for self-monitoring of INR   $836.99 

 

GP point-of-care testing – Bubner et al 2009  

The costs involved in GP point-of-care monitoring of INR are based on Bubner et al 2009. 

This Department of Health funded study compared point-of-care testing in general practices 

with laboratory testing and included a full cost-effectiveness analysis and importantly, the 

final recommendations to the Department of Health and Ageing also included an estimate of 

the appropriate MBS item fee2. 

This program proposes that patients would continue to visit their GP but that instead of 

having INR testing done by pathology laboratories, the GP uses an INR testing device at the 

point of consultation and advises the patient of the result immediately. Hence, the cost 

analysis was adjusted from that reported in the study to consider only:  

 GP consultation (MBS Item 3);  

 INR pathology testing (MBS Item 65120 for an INR test & MBS Item 73928 for a 

patient episode initiation fee); and 

                                                
 
2
 (http://www.health.gov.au/internet/main/publishing.nsf/Content/poctgenpract-report-execsum~keyfindgs~poctgenpract-report-

execsum-mbsfee). 
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 INR point of Care Testing (MBS item fee estimate of $24.12). 

The total number of INR tests conducted per patient per year was initially derived from the 

Bubner et al 2009 study (Laurence et al 2010).  

Although the number of INR tests is reported in the study, it is inconsistent and substantially 

less than that reported for the majority of studies. Indeed, most studies report that in current 

clinical practice patients receive an average 20 INR tests per year. This is confirmed by the 

GPRN data which demonstrate that the total number of INR tests in current clinical practice 

is 20.4. 

For the purpose of this analysis, the number of tests reported in the study for current clinical 

practice is replaced by the original estimates reported in the dabigatran submission to the 

PBAC of 20.4. To account for the increase number of INR tests at the Point of Care Testing, 

the ratio of point-of-care testing over current practice testing is used to determine a more 

realistic estimate of the number of INR test that would be performed in clinical practice if the 

Point of Care program is implemented (i.e. 26.3 tests per year). This is shown in Table 20. 

Table 20 GP point-of-care testing: Resource utilisation and cost assumptions 

Resource Item Cost/Item Source 

Remuneration 

GP Consultation  $16.30 MBS Item 3 

Program Uptake 

Number of patients per annum 60,027 Peterson et al 2010 (p149) 

Number of pharmacies per annum 1,700 Peterson et al 2010 (p161) 

Utilisation 

INR pathology test  $19.80    

 MBS Pathology  $13.80  MBS Item 65120 

 Patient Initiation Episode Fee  $6.00  MBS item 73928 

INR point of Care testing  $24.12  Department of Health 

INR Tests/Year without PoCT program 20.4 GPRN audit 

INR Tests/Year with PoCT program 26.3 Assumption 

PoCT = Point of Care Testing 

 

As shown in Table 21, the cost of the acquisition of the INR testing device and associated 

consumables are not included in the analysis. This is because it is assumed that the device 

and consumables are purchased by the GP and that the MBS item fee for point-of-care 

testing includes a consumables and device depreciation component. 

The rate of uptake of the point-of-care program was assumed to be the same as that used 

for Bereznicki et al 2010 (Section 4.1). 
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The implementation of this Point-of-Care Testing program would replace INR laboratory 

testing in a proportion of patients and therefore the cost of this program is best estimated as 

the difference between the cost of the program and current clinical practice.  

In current clinical practice where INR test are conducted through laboratories a short 

consultation with a GP is required for every six INR tests. Consistent with the INR Point of 

Care Testing in General Practice Report (MSAC 2005) a short consultation is costed at one 

sixth of $16.30 per INR test (MBS Item 3 - Level A consultation) 

The results of this analysis shows that the annual cost per patient for INR testing at the 

point-of-care would be approximately $175 per patient per year. The total cost of the 

program is estimated at $38.1 million per year but with cost off-sets of $27.6 million, the net 

total cost of this program is $10.5 million. 

Table 21 GP point-of-care testing: Total Cost per Patient 

Resource Item Cost/Unit Units Total Cost 

GP Point of Care Testing       

Cost per patient 
  

  

INR Tests including GP remuneration $24.12 1,578,718 $38,078,668.49 

Total Cost GP Point of Care Testing     $38,078,668.49 

Current Practice       

Cost per patient 
  

  

GP remuneration per patient per test $2.72 1,224,557 $3,326,712.14 

INR Tests $19.80 1,224,557 $24,246,221.01 

Total Current Practice     $27,572,933.15 

Net Total Cost of Proposed Program  

Total Cost of Proposed Program     $10,505,735.33 

Total Cost per Patient GP Point Of Care Testing   $175.02 

 

Pharmacist point-of-care testing – McLachlan et al 2005  

The costs involved in pharmacist point-of-care monitoring of INR are based on McLachlan et 

al 2005. This study evaluated the use of point-of-care testing in the pharmacy setting where 

pharmacists provided patient education, support and INR monitoring. Results of the INR 

tests conducted by the pharmacist were discussed with the patient‟s GP. 

The study reports the results of an economic comparison of delivering this service versus 

current clinical practice. The utilisation estimates reported in this study were used in the cost 

analysis (Table 23). However, some of the cost estimates provided in the study report were 

adjusted to provide a more accurate assessment of the cost associated with this point-of-

care testing program. 
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Each of the items of resource use are presented in Table 22. Cost estimates were adjusted 

for the following items of resource: 

 INR testing device:  This was reported as $1,200 per device. However, the current 

retail price for a device is $649.95. Hence the current retail price is used in the cost 

analysis. 

 Pharmacist Hourly Rate: An hourly rate of $65.00 was reported for a pharmacist. 

The more recent study by Peterson et al 2010, reports an hourly rate of $52.53. For 

consistency of reporting across all studies, the value of $52.53 is used in the cost 

analysis. 

 GP MBS Item Fee: The MBS item was updated from $30.85 to $16.30 to reflect the 

current fee (MBS Schedule November 2011) 

 INR Pathology Testing: The study utilises the MBS items for collection and analysis 

of the INR testing at a pathology laboratory. As above, based on the 2005 MSAC 

review of INR PoCT, the MBS item codes for pathology testing (MBS Item 65120) 

and a patient episode initiation fee (MBS Item 73928) were used. 

 INR Tests: The study reports that pre-intervention, a total of 7 INR tests were 

performed over an average follow-up of 4.7 months. This translates to approximately 

18 INR tests per year. During the intervention, the total number of tests was 13 over 

a follow-up period of 8.8 months. The total number of INR tests per year with the 

intervention is therefore also approximately 18. Since both the total pre- and post-

intervention INR tests are the same, for the purpose of the cost analysis it is 

assumed that the number of INR tests performed is the same.  

The observed numbers of INR tests have been updated with the GPRN data which 

shows that the total number of INR tests in current clinical practice is 20.4. 

The study reports cost of the point-of-care testing program for both “pharmacist” and 

“pharmacists in charge”. It is assumed that if this program were to be implemented in 

Australian clinical practice, that the INR testing would be conducted by the “pharmacist” 

rather than the “pharmacist in charge”. 
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Table 22 Pharmacist point-of-care testing: Resource utilisation and cost 
assumptions 

Resource Item Cost/Item Source 

Remuneration 

Pharmacist remuneration per patient $52.53/hour Peterson et al 2010  

GP remuneration per patient $16.30 MBS Item 3 

Program Uptake 

Number of patients per annum 60,027 Peterson et al 2010  

Number of pharmacies per annum 1,700 Peterson et al 2010  

Utilisation 

Cost of INR Testing Device $649.95 www.chemistaustralia.com.au 

Cost per Device INR Test (incl. Disposables) $5.95   

Cost/Lancet $0.16 www.chemistaustralia.com.au 

Cost/Strip $5.79 www.chemistaustralia.com.au 

Quality Control $500.00 McLachlan et al 2005 

GP Consultation/Patient/Year without PoCT 4 McLachlan et al 2005 

GP Consultation/Patient/Year with PoCT 2 McLachlan et al 2005 

INR pathology test $19.80   

 MBS Pathology $13.80 MBS Item 65120 

 Patient Initiation Episode Fee $6.00 MBS Item 73928 

INR Tests/Year without PoCT program 20.4 GPRN survey 

INR Tests/Year with PoCT program (1.6 * 12) 20.4 GPRN survey 

 

The assumptions on uptake of the program as previously described for Bereznicki et al 2010 

were used in this cost analysis. 

The implementation of this Point of Care Testing program would replace INR laboratory 

testing and therefore the cost of this program is best estimated as the difference between 

the cost of the program and current clinical practice.  

The results of this analysis show that the annual cost per patient for INR testing at the point-

of-care would be approximately $253 per patient in the first year of the program (Table 23). 

In the subsequent year, the cost is reduced to $234.80 per patient per year due to the 

exclusion of the cost of the INR testing device. The total cost of the program is estimated at 

$43.3 million in the first year but with cost off-sets of $28.6 million, the net total cost of this 

program is $15.2 million. 
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Table 23 Pharmacist point-of-care testing: Total Cost per Patient 

Resource Item Cost/Unit Units Total Cost 

Pharmacist Point of Care Testing       

Cost per patient 
  

  

Pharmacist remuneration per patient $52.53 1,224,557 $32,162,979.54 

GP remuneration per patient $16.30 120,055 $1,956,889.50 

INR testing Device $649.95 1,700 $1,104,915.00 

Quality Control $500.00 1,700 $850,000.00 

$/INR test $5.95 1,224,557 $7,284,377.08 

Total Cost Pharmacist Point of Care Testing    $43,359,161.11 

Current Practice       

Cost per patient 
  

  

GP remuneration per patient  $16.30 240,109 $3,913,778.99 

INR Tests $19.80 1,224,557 $24,246,221.01 

Total Current Practice     $28,160,000.00 

Net Total Cost of Proposed Program   

Total Cost of Proposed Program     $15,199,161.11 

Total Cost per Patient Pharmacist Point Of Care Testing   $253.20 

 

Home Medication Reviews 

Four trials identified in the literature search involved a pharmacist reviewing patient‟s 

medications in the home: Peterson et al 2010, Peterson et al 2006, Roughead et al 2011 

and Mullan et al 2005. Peterson et al 2006 evaluated the effectiveness of home based 

educational visits for patients newly initiated on warfarin. Peterson et al 2010 describes an 

expanded program evaluating the same intervention. Mullan et al 2005 describes a warfarin 

management program which included patient education and a medication review. Roughead 

et al 2011 evaluates the effectiveness of Government funded home medication reviews. 

The clinical effectiveness of these interventions was discussed in detail in Section 4.1. There 

was some evidence that expanded home medicine reviews, including warfarin education and 

point-of-care testing, can be effective in reducing bleeding events in the short term. A 

significant improvement in the proportion of patients with a therapeutic INR eight days after 

discharge was reported in Peterson 2006, but not Peterson 2010. There was no significant 

difference in INR control at day 90. However, both Peterson 2006 and Peterson 2010 

reported a significantly lower rate of bleeding events although there was no improvement in 

quality of life. In contrast, Mullan 2005 found no difference in INR control, hospitalisations or 

emergency room visits. The main limitation of these studies is the short duration of follow-up. 

Roughead 2011 reported a significant reduction in hospitalisations for bleeding at 2-6 

months post intervention, however there was a significantly higher rate of hospitalisations for 
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bleeding after 12 months. Given that most patients would be prescribed warfarin for more 

than 12 months, establishing the long term efficacy of these interventions is critical. Peterson 

2006 and Peterson 2010 concluded that home medicine reviews were cost saving due to the 

reduction in bleeding events. However Peterson 2010 found that the intervention was more 

expensive than the control arm when all healthcare costs were considered.  

Despite the mixed evidence for the clinical effectiveness and cost effectiveness of these 

interventions, the cost per patient associated with each of these PoCT models is described 

in more detail below.  

HMR, education and INR testing 1 – Peterson et al 2010 

The costs involved in an HMR, with warfarin specific patient education and INR testing are 

based on Peterson et al 2010 study. This study evaluated a program where trained 

pharmacists make 2 to 3 visits to the homes of patients who have been discharged from 

hospital and had been initiated on warfarin therapy. Patients were provided point-of-care INR 

testing, warfarin education and a Home Medication Review. This study included an analysis 

of the cost of the proposed intervention and included suggested payments to pharmacies 

and GPs for participation in the program.  

This cost analysis is largely based on the resource utilisation and cost estimates reported in 

the Peterson et al 2010 study (Table 24). 

Peterson et al 2010 suggested that the appropriate compensation for a pharmacist for the 

first visit is $175.00 and $75.00 for every subsequent visit. With 64.8% of patients receiving 

two visits and the remainder three visits, the average compensation for the pharmacist under 

this program is $276.40 per patient. 

For the GP the remuneration would be in accordance with the current MBS item 900 for 

home medication reviews. At the time of this submission, the value of MBS item 900 is 

$148.90.  

Additional compensation would be required to cover training of pharmacy staff of $500 and 

on-going incentive for continued participation of $300 per pharmacy per year.  

Under the proposed program, patients would receive two to three INR tests in the first ten 

days after discharge. 64.8% of patients received two INR tests and the remainder received 

three INR test. On average therefore, the total number of tests under the proposed program 

is 2.35. In current practice, it was assumed patients would only receive one INR test during 

this period. Hence this cost analysis assumes that if this program is implemented, that it 

would replace 1.35 INR test for each patient participating in the program.  
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Current practice is costed using the methods previously described (refer Point of Care 

Testing). That is, INR test are conducted through laboratories and a short consultation with a 

GP is required for every six INR tests. Consistent with the INR Point of Care Testing in 

General Practice Report (MSAC 2005) a short consultation is costed at one sixth of $16.30 

per INR test (MBS Item 3 - Level A consultation) 

The study concludes that if this program is implemented in Australian clinical practice, a 

maximum total of 20,000 patients would participate.   

Table 24 HMR, education and INR testing 1: Resource utilisation and cost 
assumptions 

Resource Item Cost/Item Source 

Remuneration 

Pharmacist remuneration/patient $276.40 Peterson et al 2010  

GP Remuneration/patient $148.90 MBS Item 900 

GP Consultation $16.30 MBS Item 3 

Pharmacy Training $500.00 Peterson et al 2010 

INR test pathology laboratory $19.80   

 MBS Pathology $13.80 MBS Item 65120 

 Patient Initiation Episode Fee $6.00 MBS item 73928 

Pharmacy On-going incentive/year $300.00 Peterson et al 2010  

Program Uptake 

Number of patients per annum 20,000 Peterson et al 2010 

Pharmacies participating 1,700 Peterson et al 2010  

Utilisation 

INR test with Program          2.35  Peterson et al 2010  

INR tests without program 1 Assumption 

 

Based on the assumptions described above, the total cost per patient of the new Home 

Medication Review program is approximately $516 (shown in Table 25). 

Implementing this program in Australian clinical practice would cost $10.8 million with the 

majority of the costs related to the payments to pharmacists (i.e. $5.6 million) and to GPs 

($2.9 million). A total of $0.45 million can be achieved as a result of reduced INR testing at 

pathology laboratories, resulting in a net cost to the Commonwealth of $10.3 million for this 

program. 
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Table 25 HMR, education and INR testing 1: Total Cost per Patient 

Resource Item Cost/Unit Units Total Cost 

HMR Program   

Cost per patient    

Payments to pharmacy per patient managed $281.04 20,000 $5,620,800.00 

GP payments per patient managed $148.90 20,000 $2,868,000.00 

INR Tests $19.80 47,040 $931,392.00 

Cost per pharmacy    

Pharmacy training $500.00 1,700 $850,000.00 

Ongoing incentive program $300.00 1,700 $510,000.00 

Total cost of HMR Program  $10,780,192.00 

Current Practice    

Cost per patient    

INR testing $19.80 20,000 $396,000.00 

INR tests replaced by the program $2.72 20,000 $54,333.33 

Total Current Practice   $450,333.33 

Total Net Cost of HMR Program   $10,329,858.67 

Total Cost per patient HMR  $516.49 

 

HMR, education and INR testing 2 – Peterson et al 2006 

An alternative model of HMR was described by Peterson et al 2006, and it costed here. As 

discussed previously, it was a pilot study which was expanded into a larger trial published as 

Peterson et al 2010. The previous section describes the costs associated with this expanded 

trial. Peterson et al 2006 studied patients discharged from hospital with warfarin therapy who 

received home visits from a pharmacist on day 2, day 4, day 6 and day 8 following discharge 

or were treated according to usual care. Those patients in the intervention group were 

provided education and advice by the pharmacist and also had their INR tested. The result 

of each Point of Care INR test conducted by the pharmacist was discussed with the GP. 

This study did not report a financial analysis. However, the study by Peterson et al 2010 was 

very similar since Peterson et al 2010 is the expanded trial of the Peterson et al 2006 pilot 

program. Most of the resource utilisation and associated costs in this cost analysis is 

therefore derived from the Peterson et al 2010 study.  

The total number of INR tests conducted per patient per year is derived directly from the 

study. A total of four INR tests were conducted for those tested at the point-of-care while 

those following current clinical practice received two INR tests.  

Pharmacist remuneration for the first visit is reported at $175.00. However, for every 

subsequent visit, the pharmacist is remunerated $75.00. Therefore, pharmacist 

remuneration for four visits is $400.00 per patient. 
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The compensation for a GP is based on MBS item 900 with a value of $148.90 for each 

HMR conducted. Peterson et al 2010 further suggests that additional compensation would 

be required to cover pharmacy staff training equivalent to $500 and on-going incentive for 

continued participation of $300 per pharmacy per year. This is shown in Table 26. 

Table 26 HMR, education and INR testing 2: Resource utilisation and cost 
assumptions 

Resource Item Cost/Item Source 

Remuneration 

Pharmacist remuneration/patient (4 visits) $400.00 Peterson et al 2010 

GP Remuneration/patient $148.90 MBS item 900 

GP Consultation $16.30 MBS item 3 

Pharmacy Training $500.00 Peterson et al 2010  

INR test pathology laboratory $19.80   

 MBS Pathology $13.80 MBS Item 65120 

 Patient Initiation Episode Fee $6.00 MBS item 73928 

Pharmacy On-going incentive/year $300.00 Peterson et al 2010 

Program Uptake 

Number of patients per annum 20,000 Peterson et al 2010  

Pharmacies participating 1,700 Peterson et al 2010  

Utilisation 

INR test with Program 4 Jackson et al 2004a  

INR tests without program 2 Jackson et al 2004a  

 

The total estimated cost per patient of the new program is $651.07 in the first year. As is the 

case for the Peterson program, this would treat 20,000 patients per annum. It would replace 

40,000 existing pathology based INR tests. The overall cost of the program is again driven 

by payments to pharmacists of approximately $8.0 million and to GPs of $3.0 million. The 

total program would cost $13.9 million. With the $0.9 million from the reduction in pathology 

based INR testing, the net cost to the Commonwealth of the scheme would be $13.0 million 

in the first year. This is shown in Table 27. 
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Table 27 HMR, education and INR testing 2: Total Cost per Patient 

Resource Item Cost/Unit Units Total Cost 

Community Pharmacy home follow-up of warfarin initiation     

Cost per patient 
  

  

Payments to pharmacy per patient managed $475.00 20,000 $8,000,000.00 

GP payments per patient managed $148.90 20,000 $2,978,000.00 

INR tests $19.80 80,000 $1,584,000.00 

Cost per pharmacy 
  

  

Pharmacy training $500.00 1,700 $850,000.00 

Ongoing incentive program $300.00 1,700 $510,000.00 

Total cost of HMR Program $13,922,000.00 

Current Practice       

Cost per patient 
  

  

INR testing $19.80 40,000 $792,000.00 

GP payments $2.72 40,000 $108,666.67 

Total Current Practice     $900,666.67 

Net Total Cost of HMR 

Total Net Cost of HMR Program     $13,021,333.33 

Total Cost per patient of HMR Program    $651.07 

 

Government funded HMRs – Roughead et al 2011 

The costs involved in GP point-of-care monitoring of INR are based on Roughead et al 2011. 

This study undertook a retrospective cohort study using administrative claims data for 

veterans who had received an HMR and compared this group with those not receiving an 

HMR. While under the current arrangements patients are only eligible for one review every 

12 months, it was suggested that a second review within 12 months may be necessary to 

provide patients with a sustained therapeutic benefit. 

The study did not present a cost analysis of the program. Nevertheless, the study examines 

an existing Home Medication Review program to determine the effect on patients treated 

with warfarin who receive an HMR.  

This cost analysis uses the existing HMR MBS fees paid by Medicare Australia to 

community pharmacists. Since it was suggested that a second HMR within 12 months would 

likely offer a sustained benefit, a second scenario where patients receive two HMRs is also 

presented. The resource utilisation and associated cost used in the analysis are shown in 

Table 28. 
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Table 28 Government funded HMRs: Resource utilisation and cost assumptions 

Resource Item Cost/Item Source 

Remuneration 

Pharmacist remuneration/patient $194.07 Medicare Australia 

GP Remuneration/patient $148.90 MBS Item 900 

Program Uptake 

Number of patients per annum 20,000 Peterson et al 2010 (p161) 

Pharmacies participating 1,700 Peterson et al 2010 (p161) 

Utilisation 

HMRs  1 Roughead et al 2011 

 

The cost per patient in the first year would be $343 with 1 HMR and $687 with 2 HMRs. As 

for the other cost analyses, it was assumed that 20,000 patients would participate in the 

program. The overall cost of the program would $6.9 million for the 1 HMR and $13.7 million 

for 2 HMRs per patient. This is shown in Table 29. 

Table 29 Government funded HMRs: Total Cost per Patient 

Resource Item Cost/Unit Units Total Cost 

HMR for patients treated with Warfarin       

Cost per patient     

Payments to pharmacy per patient managed $194.07 20,000 $3,881,400.00 

GP payments per patient managed $148.90 20,000 $2,978,000.00 

Total Net Cost of Proposed Program 1 HMR     $6,859,400.00 

Total Net Cost of Proposed Program 2 HMRs     $13,718,800.00 

Total Cost per patient HMR for Warfarin patients - 1 HMR   $342.97 

Total Cost per patient HMR for Warfarin patients - 2 HMR   $685.94 

 

HMR and collaborative care – Mullan et al 2005 

The costs involved in a HMR and improved collaborative care between the hospital and 

community setting are based on Mullan et al 2005. This trial evaluates a program that aimed 

to improve communication and increase compliance with warfarin by providing easy to read 

information, improving continuity of care between home and hospital, and better ensuring 

follow up. This study did not include an analysis of the cost of the program.  

The study methods are not well described but appear to propose three main elements: 

1. Pharmacists delivering the educational material, helping patients with testing and 

monitoring and undertaking a complete medication review. These cost associated with 

these activities are costed at the current MBS item fee for an HMR conducted by the 

pharmacist.  
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2. Pharmacist follow-up with the patient (approx. 30 minutes duration). This is included in 

the cost analysis at the hourly rate for an accredited pharmacist of $52.53 which was 

derived from the study by Peterson et al 2010.  

3. Finally, the program involved leaving fridge magnets. These were costed at $200 for 

1000 fridge magnets. Assuming that 20,000 patients would participate in the program, 

the total cost would be $4000. 

Due to the limited information reported in the paper and general lack of information on the 

cost of educational programs, not all items of resource reported in the study can be 

attributed a cost including the development and printing of the material, the running of the 

program or any additional incentives for pharmacists. This is shown in Table 30. 

Table 30 HMR and collaborative care: Resource utilisation and cost assumptions 

Resource Item Cost/Item Source 

Remuneration 

Pharmacist HMR remuneration/patient $194.07 Medicare Australia 

Pharmacist Follow-up remuneration/hour $52.53 Peterson et al 2010 (p149) 

Program Uptake 

Number of patients per annum 20,000 Peterson et al 2010 (p161) 

Pharmacies participating 1,700 Peterson et al 2010 (p161) 

Utilisation 

Pharmacist follow-up (hours) 0.5 Mullan et al 2005 

Fridge magnets ($200/1000 magnets) 1 www.magnetexpress.com.au 

 

The total cost per patient of the new program is $221. As with all the pharmacy intervention 

programs it is assumed this would treat 20,000 patients per annum. The total estimated cost 

of the program would is $4.4 million which is almost entirely driven by the payments to 

pharmacists. This is shown in Table 31. 

Table 31 HMR and collaborative care: Total Cost per Patient 

Resource Item Cost/Unit Units Total Cost 

Pharmacists Warfarin education program       

Cost per patient     

Initial payments to pharmacy per patient managed $194.07 20,000 $3,881,400.00 

Pharmacist follow up after 1 week $26.27 20,000 $525,300.00 

Fixed costs pharmacy     

Fridge magnets $4,000.00 1 $4,000.00 

Net Total Cost of HMR Program 

Total Net Cost of HMR program   $4,410,700.00 

Total Cost per patient HMR Program   $220.54 
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Anticoagulation clinics 

The clinical effectiveness of anticoagulation clinics are described in detail in Section 4.1. 

Meta-analyses of anticoagulation clinics compared with usual care suggest that 

anticoagulation clinics are more effective at maintaining INR within a therapeutic range. The 

improvement in TTR was approximately 5% - 10%. Care must be taken when interpreting 

the results of these studies due to the significant differences between individual 

anticoagulation clinics and varying standards of usual care. There is significant variability in 

the structure of anticoagulation clinics. Prior to the introduction of anticoagulation clinics, the 

most appropriate model for the Australian setting would need to be established and tested, 

particularly in terms of physician-led versus pharmacist-led clinics. Longer term outcomes 

would need to be evaluated. All anticoagulation clinics are resource intensive, with the need 

for a specially trained, multidisciplinary team. There would be accessibility issues if all 

Australians were not able to access an anticoagulation clinic, therefore the location and 

number of clinics would need to be considered. While anticoagulation clinics could be used 

in Australia as an effective intervention for improving warfarin control, however further 

research would need to be undertaken in the Australian setting to establish the most 

appropriate structure and the cost-effectiveness of this intervention. The cost per patient for 

anticoagulation clinics is described in more detail below.  

The Rose 2011 and US Medicine 2011 publications discuss the Department of Veteran 

Affairs (DVA) anticoagulation clinics program. An outline of the staffing of these clinics is 

provided in Ansell et al 2010 and this was based as the basis for staff costs included below.  

The Ansell paper listed the required staff complement for clinics run within a hospital. To 

cover the management overhead a manager has been added for this costing exercise. Each 

of the staff full time equivalents (FTEs) were multiplied by Australian costs for those staff 

positions (i.e., 2 pharmacy FTEs x cost of a pharmacy FTE). For general expenses the cost 

of running a General Practice clinic was used as a proxy. PricewaterhouseCoopers (PwC) 

had been engaged by the Commonwealth to cost the running of GP practices. Costs were 

reported as at 1999. We took the costs from a 3 GP clinic and extrapolated them to 2011 

costs by using the Health deflator published by the Australian Institute of Health and Welfare 

(AIHW). Once the staff and overhead costs were added together the costs of running a 

Warfarin clinic were calculated at $661,000 per annum (see Table 32). If the program was to 

be provided by private operators an extra cost for return on investment would need to be 

included. This was not included in our calculations. 
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Based on Ansell et al 2010, each clinic would treat 450 patients per annum. It was assumed 

that somewhere between 60,000 and 220,000 patients on warfarin therapy would attend a 

clinic. 
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Table 32 Ansell et al 2010 resource utilisation and cost assumptions 

Resource Item Cost/Item Source 

Staff costs   

Unit Director (FTE) 1.0 Ansell et al p11 Unit Director added to account for stand 
alone clinic 

Pharmacists (FTE) 1.5 Ansell et al p11 

Administration (FTE) 1.0 Ansell et al p11 

Medical Technician 
(FTE) 

1.5 Ansell et al p11 

Medical Director (FTE) 0.2 Ansell et al p11 

Unit Director $106,321 Peterson et al 2010 (p161) hourly rate $52.53 x 40hours x 
46 weeks plus 10% 

Pharmacists $96,655 Peterson et al 2010 (p161) hourly rate $52.53 x 40hours x 
46 weeks 

Administration $42,713 http://www.payscale.com/research/AU/Job=Ward_Clerk/Hou
rly_Rate 

Medical Technician $63,220 http://www.smh.com.au/lifestyle/diet-and-fitness/red-cross-
to-use-nursing-assistants-on-blood-donors-20101219-
191yi.html 

Medical Director $115,000 http://www.imrmedical.com/australiasalaries.htm 

Total staff costs $411,847  

   

General Expenses   

Costs at 1999 levels   

Occupancy costs $47,151 PwC A resourced-based model of private medical practice in 
Australia Vol 1 2000 3 GP clinic used as approx 

Office Expense $41,865 PwC A resourced-based model of private medical practice in 
Australia Vol 1 2000 3 GP clinic used as approx 

Other costs $22,176 PwC A resourced-based model of private medical practice in 
Australia Vol 1 2000 3 GP clinic used as approx 

Professional costs $16,704 PwC A resourced-based model of private medical practice in 
Australia Vol 1 2000 3 GP clinic used as approx 

Transport $25,734 PwC A resourced-based model of private medical practice in 
Australia Vol 1 2000 3 GP clinic used as approx 

Capital $15,093 PwC A resourced-based model of private medical practice in 
Australia Vol 1 2000 3 GP clinic used as approx 

Cost per clinic $168,723  

Costs at 2011 level   

Occupancy costs $69,614 Costs as at 2011 using health deflator AIHW 

Office Expense $61,809 Costs as at 2011 using health deflator AIHW 

Other costs $32,741 Costs as at 2011 using health deflator AIHW 

Professional costs $24,662 Costs as at 2011 using health deflator AIHW 

Transport $37,994 Costs as at 2011 using health deflator AIHW 

Capital $22,283 Costs as at 2011 using health deflator AIHW 

Cost per clinic $249,103  

Costs at 2011 level 0.033 Health and Welfare Expenditure Series Number 42 
Australian Institute of Health and Welfare Cat. no. HWE 51 
Health Expenditure Aust 2008-2009 p13 

Total cost per clinic $660,949  

Program Uptake   

Number of pts per clinic 450 Ansell et al p11 

Program Uptake   

Lower est. pts per yr 60,027 Peterson et al 2010 (p161) 

Upper est. pts per yr 220,000 Peterson et al 2010 all patients attend clinics 
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From the assumptions described above, the total cost per patient of the anticoagulation 

clinics program is estimated to be approximately $1,469 (see Table 33). 

Implementing this program in Australian clinical practice would cost between $88.2m and 

$323.1m per annum. Most of the costs would be comprised of labour costs required for the 

running of the anticoagulation clinics. 

Table 33 Total cost per patient and total program costs – anticoagulation clinics 

Resource Item Cost/patient Patients Total Cost 

Total cost anticoagulation clinic lower est. $1,469 60,027 $88,166,616 

Total cost anticoagulation clinic upper est. $1,469 220,000 $323,130,649 

 

Pharmacogenetic testing 

The clinical effectiveness of pharmacogenetic testing is described in detail in Section 4.1. 

There is insufficient evidence to suggest that the use of pharmacogenetic information 

improves clinical outcomes in patients receiving warfarin. The results from three different 

economic models indicated that pharmacogenetic testing was not cost effective. Given the 

lack of supportive clinical and economic data, pharmacogenetic testing is unlikely to be 

reimbursed by Medicare. Pharmacogenetic testing is therefore not a model of health system 

delivery which could currently be used to optimise the use of warfarin in Australia.  

Despite the lack of evidence for the clinical effectiveness of pharmacogenetic testing, the 

cost per patient is described in more detail below.  

Several studies have looked at the cost and cost effectiveness of pharmacogenetic testing 

ANZHSN 2010, Meckley et al 2010 and McWilliam et al 2008. The ANZHSN report provided 

estimates of pharmacogenetic testing in Australia, whereas McWilliam et al 2008 reported 

costs for the US.  

The main costs associated with this testing were assumed to be a GP visit and costs of the 

test. Costs published from the US showed a figure of around $250 for the Pharmacogenetic 

test. Reported costs from Australia were much lower than this figure. 

The Horizon scanning report, prepared for the Australian Government, stated that the single 

base extension assay from private pathologist Gribbles Pathology test identifying mutations 

in CYP2C9 and VKORC1 genes, costs $90. On the other hand the RFLP–PCR based 

genotyping method offered by public pathology, the Diversity Health Institute, for the 

CYP2C9*2 and *3 polymorphisms cost $50. For this analysis we chose the mid point 

between these two figures - $70.  
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As in the other costing analysis undertaken in this report, GP consultation was valued at 

$16.30. The total cost per patient was therefore estimated at $86.30 ($70.00 + $16.30). This 

is shown in Table 34. 

Table 34 Pharmacogenetic testing: Resource utilisation and cost assumptions 

Resource Item Cost/Item Source 

Utilisation   

Pharmacogenetic testing $70.00 ANZHSN 2010 p7 

GP remuneration per patient $16.30 MBS item 3 

Total cost per patient $86.30  

Program Uptake   

Number of patients per annum 60,027 Peterson et al 2010 (p161) 

 

The overall cost of the program was calculated at $5.2million (see Table 35). 

Table 35 Pharmacogenetic testing: Total Cost per Patient and total program costs 

Resource Item Cost/patient Patients Total Cost 

Pharmacogenetic testing $86.30 60,027 $5,180,355 

 

Conclusion and discussion 

This section estimated the approximate cost of implementing point-of-care testing, 

community education programs, Home Medication Reviews, anticoagulation clinics and 

pharmacogenetic testing to improve the use of warfarin in Australian clinical practice. The 

majority of the studies did not report a cost analysis and provided limited details on the 

resource utilisation associated with the program. Nonetheless, the results of the preliminary 

costing analyses for each of these programs show that there is considerable variability in the 

cost per patient per year. The range of costs per patient derived for the different types of 

programs were estimated at: 

 Community Education:$5 – $20 

 Point-of-Care Testing: $175 – $837  

 Home Medication Reviews: $220 – $686  

 Anticoagulation Clinics: $1,469 

 Pharmacogenetic testing: $86 

As discussed earlier not all potential costs such as setup costs, and educational material 

costs are considered. For both the PoCT and Home Medication Reviews, the main cost 

drivers are the payments to pharmacists and GPs. As mentioned above, very few studies 
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provided adequate detail on the resource utilisation associated with the program but 

importantly, were focussed solely from the perspective of the authors and consequently 

excluded resource utilisation and costs that would be incurred by other health care 

professionals. For example, the majority of the studies that were undertaken by pharmacists 

were focused on payments to pharmacy. Consequently, the role of the general practitioner 

was not always considered and the need for compensation ignored. Some others considered 

point-of-care devices in the study but did not provide details on how the devices would be 

funded. 

It is important to note that The Medical Services Advisory Committee (MSAC) has reviewed 

the use of INR PoCT in the general practice in 2005. Although MSAC agreed with the 

sponsor on the estimated MBS fee for PoCT (i.e. approx. $25.00), it determined that there 

was little data on the use of INR PoCT in general practice, with only two studies identified. 

The MSAC also raised concerns about the uncertainty about the diagnostic performance of 

PoCT device. The MSAC concluded that if additional studies demonstrate superior 

effectiveness for PoCT that there may be potential for a favourable cost-effectiveness ratio. 

However, given the lack of data, especially in the longer term, it recommended not to 

support the use of INR PoCT in general practice. Hence in considering point-of-care testing, 

it is important to consider both the cost and effectiveness of such a program to improve the 

use of warfarin in Australian clinical practice.  

The cost analysis of the HMR programs must be considered in conjunction with the findings 

of the report commissioned by the Department of Health on Home Medication Reviews 

(Campbell Research & Consulting 2008). Some of the key conclusions include: 

 “…five years of implementation, less than 10% of GPs are participating in the HMR 

Program” 

 “…the existing model is not focused on ensuring access by those consumers who 

could benefit most from the HMR Program” 

 “…at best, GPs are ambivalent about the HMR Program, with very few GPs actively 

supporting the Program and many considering it a waste of time and Government 

resources” 

Although there are many other conclusions, there are none that are favourable for the 

current HMRs program. Instead, the report concludes that without substantial changes in the 

way the program is delivered, the HMR Program is unlikely to meet its objectives. 

In terms of Community Education programs, none of the studies provided an adequate 

description of the resource utilisation associated with the design of the program which 
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complicates any cost analysis. The calculations reported for these programs are therefore 

provided as a simple guide. 

Overseas evidence suggests that anticoagulation clinics are able to offer modest 

improvements in TTR compared to usual care. Such clinics are resource intensive, the 

improvements in TTR have not been conclusively linked to better health outcomes, and their 

effectiveness in the Australian health care setting is unproven. 

The clinical effectiveness of pharmacogenetic testing for warfarin treatment remains 

uncertain. Economic modelling of the impact of pharmacogenetic testing consistently results 

in ICERs that are not conventionally thought to be cost-effective. 

It is important to note that the preliminary analyses presented in this submission are primarily 

based on the resource utilisation reported in studies. Given the lack of detailed reporting, a 

full, rigorous analysis of each of the programs would most likely result in higher and more 

accurate estimates than reported here.  

 



REFERENCES 

 BOEHRINGER INGELHEIM SUBMISSION TO THE ANTICOAGULATION REVIEW 2012 

REFERENCES 

Please note, references in bold have not been supplied with this submission, but are 

available upon request. 

Anderson JL, Horne BD, Stevens SM et al. Randomized Trial of Genotype-Guided Versus Standard 
Warfarin Dosing in Patients Initiating Oral Anticoagulation. Circulation 2007; 116: 2563-2570. 

Ang SY, Peterson GM, Friesen WT, Vial JH. Review of antithrombotic drug usage in atrial fibrillation. J 
Clin Pharm Ther. 1998; 23(2): 97-106. 

Ansell JA, Becker RC, Jacobson AK. The Anticoagulation Clinic Primer
TM

 – A Template for improving 
Patient Care. 2010. Available from: http://www.protimesystem.com/documents/MWM148_1007.pdf 

Ansell JE, Hughes R. Evolving models of warfarin management: anticoagulation clinics, patient self-
monitoring, and patient self-management. American Heart Journal 1998, 132(5):1095-100.  

Ansell J, Hirsh J, Hylek E, Jacobsen A, Crowther M, Palareti G. Pharmacology and Management of 
the Vitamin K Antagonists: American College of Chest Physicians Evidence-Based Clinical Practice 
Guidelines (8

th
 Edition). Chest 2008; 133; 160-198. 

Australia and New Zealand Horizon Scanning Network. Cytochrome P450 gene test to establish the 
correct warfarin dose in patients requiring oral anti-coagulant therapy 2010. Commonwealth of 
Australia. Available from: 
http://www.horizonscanning.gov.au/internet/horizon/publishing.nsf/Content/C8A5BA60BD01A93ECA2
57757000A2015/$File/PS%20_Cytochrome%20warfarin_genetest.pdf 

Baird MG, Bentley-Taylor MM, Carruthers SG, et al. A study of efficacy, tolerance and compliance of 
once-daily versus twice-daily metoprolol (Betaloc) in hypertension. Betaloc Compliance Canadian 
Cooperative Study Group. Clin Invest Med 1984;7:95–102 

Bajorek, B. V., Krass, I., Ogle, S. J., Duguid, M. J., and Shenfield, G. M. Optimizing the use of 
antithrombotic therapy for atrial fibrillation in older people: a pharmacist-led multidisciplinary 
intervention. Journal of the American Geriatrics Society 2005; 53(11): 1912-1920. 

Baker RS, Coughlin PB, Gallus AS, Harper PL, Salem HH, Wood EM. Warfarin reversal: consensus 
guidelines, on behalf of the Australasian Society of Thrombosis and Haemostasis. MJA 2004; 181(9): 
492-97. 

Baker WL, Cios DA, Sander SD, Coleman CI. Meta-analysis to assess the quality of warfarin control 
in atrial fibrillation patients in the United States. J Manag Care Pharm. 2009; 15(3):244-52. 

Bereznicki LR, Jackson SL, Morgan SM, et al. Improving clinical outcomes for hospital patients 
initiated on warfarin. Journal of Pharmacy Practice and Research 2007; 37(4): 295-302. 

Bereznicki LR, van Tienen EC, Stafford A. The Current Status of Australian veterans taking warfarin. 
Paper presented at: HAA Joint Scientific Meeting, 2011; Sydney, Australia. 

Bereznicki, L., Jeffrey, E. C., Peterson, G., Jackson, S., Nelson, M., Kelly, B, Gee, P, and Fitzmaurice, 
D. Pharmacy-based model enabling patient self-monitoring of warfarin: development and evaluation. 
2010. The Pharmacy Guild of Australia 

Boston Area Anticoagulation Trial for Atrial Fibrillation (BAATAF) Investigators. The effect of low dose 
warfarin on the risk of stroke in patients with non rheumatic atrial fibrillation. N Engl J Med 1990; 
323:1505­11. 

Brun J. Patient compliance with once-daily and twice-daily oral formulations of 5-isosorbide 
mononitrate: a comparative study. J Int Med Res 1994; 22: 266–272. Erratum in: J Int Med Res 1994; 
22: 350. 

Bubner, T. K., Laurence, C. O., Gialamas, A., Yelland, L. N., Ryan, P., Willson, K. J., Tideman, P., 
Worley, P., and Beilby, J. J. Effectiveness of point-of-care testing for therapeutic control of chronic 
conditions: results from the PoCT in General Practice Trial. Med J Aust 2009; 11:  624-626. 

Budnitz DS, Lovegrove MC, Shehab N, Richards CL. Emergency hospitalizations for adverse drug 
events in older Americans. N Engl J Med 2011; 365: 2002-12. 

http://www.ncbi.nlm.nih.gov/pubmed/9786095?itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum&ordinalpos=21
http://ukpmc.ac.uk/search/?page=1&query=AUTH:%22Ansell+JE%22+SORT_DATE:y
http://ukpmc.ac.uk/search/?page=1&query=AUTH:%22Hughes+R%22+SORT_DATE:y
http://ukpmc.ac.uk/search/?page=1&query=JOURNAL:%22Am+Heart+J%22+SORT_DATE:y
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Baker%20WL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Cios%20DA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sander%20SD%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Coleman%20CI%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Baker%20%5B1au%5D%202009%20%5Bdp%5D%20warfarin%20control


REFERENCES 

 BOEHRINGER INGELHEIM SUBMISSION TO THE ANTICOAGULATION REVIEW 2012 

Budnitz DS, Shehab N, Kegler SR, Richards CL. Medication use leading to emergency department 
visits for adverse drug events in older adults. Ann Intern Med 2007; 147(11): 755-65. 

Burmester JK, Berg RL, Yale SH, Rottscheit CM, Glurich IE, Schmelzer JR, Caldwell MD. A 
randomized controlled trial of genotype-based Coumadin initiation. Genet Med. 2011; 13(6): 509-18. 

Burnett A, D‟Angio R, Earl LE, Garcia D. Challenges and benefits of an inpatient anticoagulation 
service: one hospital‟s experience. J Thromb Thrombolysis 2011; 31: 344-352. 

Cadilhac DA, Carter R, Thrift AG, Dewey HM. Estimating the long-term costs of ischemic and 
hemorrhagic stroke for Australia: new evidence derived from the North East Melbourne Stroke 
Incidence Study (NEMESIS). Stroke 2009; 40: 915-921. 

Cadilhac DA, Dewey HM, Vos T, Carter R, Thrift AG. The health loss from ischemic stroke and 
intracerebral hemorrhage: evidence from the North East Melbourne Stroke Incidence Study 
(NEMESIS). Health and Quality of Life Outcomes 2010; 8: 49. 

Canadian Agency for Drugs and Technologies in Health. Optimal Management for Prevention of 
Thromboembolic Events in Patients with Atrial Fibrillation. Available from: 
http://www.cadth.ca/en/products/optimal-use/warfarin-management/reports 

Cairns JA, Connolly S, McMurtry S, Stephenson M, Talajic M. Canadian Cardiovascular Society Atrial 
Fibrillation Guidelines 2010: Prevention of Stroke and Systemic Thromboembolism in Atrial Fibrillation 
and Flutter. Canadian Journal of Cardiology 2011; 27: 74-90. 

Camm AJ, Kirchof P, Lip GYH et al. Guidelines for the management of atrial fibrillation  - The Task 
Force for the Management of Atrial Fibrillation of the European Society of Cardiology (ESC). 
European Heart Journal 2010. Available from: http://www.escardio.org/guidelines-surveys/esc-
guidelines/GuidelinesDocuments/guidelines-afib-FT.pdf 

Campbell Research & Consulting. Home Medicines Review Program Qualitative Research Project 
Final Report. December 2008. Available from: 
http://www.health.gov.au/internet/main/publishing.nsf/Content/B2992EBF12BE7E1ECA2573D8007F9
1F3/$File/HMR%20Final%20Report.pdf 

Caraco Y, Blotnick S, Muszkat M. CYP2C9 Genotype-guided Warfarin Prescribing Enhances the 
Efficacy and Safety of Anticoagulation: A Prospective Randomized Controlled Study. Clin Pharmacol 
Ther. 2008; 83(3): 460-470. 

Claxton A, Cramer J, and Pierce C, A Systematic Review of the Associations Between 

Dose Regimens and Medication Compliance. Clinical Therapeutics 2001; 23(8): 1296-1310. 

Compliance to Medicines Working Group (CMWG) Report to Pharmaceutical Benefits Advisory 
Committee (PBAC) 2010 

Connock M, Stevens C, Fry-Smith A, Jowett S, Fitzmaurice D, Moore D, Song F.Clinical effectiveness 
and cost-effectiveness of different models of managing long-term oral anticoagulation therapy: a 
systematic review and economic modelling. Health Technology Assessment. 2007, 11 (38):iii-iv, ix-66.  

Connolly SJ, Ezekowitz MD, Yusuf S, Eikelboom JE et al. Dabigatran versus warfarin in patients with 
atrial fibrillation. N Engl J Med 2009; 361: 1139-51 

Connolly SJ, Ezekowitz MD, Yusuf S, Reilly PA, Wallentin L, on behalf of the RE-LY Investigators. 
Letter to the Editor: RE-LY trial update. Newly identified events in the RE-LY trial. N Engl J Med 2010; 
363(19): 1875-6. 

Connolly SJ, Laupacis A, Gent M, Roberts RS, Cairns JA, Joyner C. Canadian atrial fibrillation 
anticoagulation (CAFA) study. J Am Coll Cardiol 1991; 18: 349­55. 

Coombes, I. D., Stowasser, D. A., Reid, C., and Mitchell, C. A. Impact of a standard medication chart 
on prescribing errors: a before-and-after audit. Quality & Safety in Health Care 2009; 18(6): 478-485.  

Crotty, M., Whitehead, C., Rowett, D., Halbert, J., Weller, D., Finucane, P., and Esterman, A. An 
outreach intervention to implement evidence based practice in residential care: a randomised 
controlled trial. BMC Health Services Research 2004; 4: 6.  

Cruess DG, Localio AR, Platt AB, Brensinger CM, Christie JD, Gross R, Parker CS, Price M, Metlay 
JP, Cohen A, Newcomb CW, Strom BL, Kimmel SE. Patient attitudinal and behavioral factors 
associated with warfarin non-adherence at outpatient anticoagulation clinics. Int J Behav Med. 2010; 
17(1): 33-42. 

Deakin University. Submission to the Senate Inquiry into PBS deferrals, 2011. 

http://www.ncbi.nlm.nih.gov/pubmed/21423021
http://www.ncbi.nlm.nih.gov/pubmed/21423021
http://www.pbs.gov.au/info/publication/factsheets/shared/2010-09-20-Compliance_to_Medicines_Working_Group_Report_to_PBAC
http://www.pbs.gov.au/info/publication/factsheets/shared/2010-09-20-Compliance_to_Medicines_Working_Group_Report_to_PBAC
http://www.ncbi.nlm.nih.gov/pubmed/17903392
http://www.ncbi.nlm.nih.gov/pubmed/17903392
http://www.ncbi.nlm.nih.gov/pubmed/17903392
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Cruess%20DG%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Localio%20AR%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Platt%20AB%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Brensinger%20CM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Christie%20JD%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Gross%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Parker%20CS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Price%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Metlay%20JP%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Metlay%20JP%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Cohen%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Newcomb%20CW%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Strom%20BL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kimmel%20SE%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/19579066


REFERENCES 

 BOEHRINGER INGELHEIM SUBMISSION TO THE ANTICOAGULATION REVIEW 2012 

Department of Veteran Affairs. VHA Directive 2010-020. May 14 2010.Available from: 
http://www.va.gov/vhapublications/ViewPublication.asp?pub_ID=2234 

Dolan G, Smith LA, Collins S, Plumb JM. Effect of setting, monitoring intensity and patient experience 
on anticoagulation control: a systematic review and meta-analysis of the literature. Curr Med Res 
Opin. 2008; 24(5):1459-72. 

Duff, J. and Walker, K. Improving the safety and efficacy of warfarin therapy in a metropolitan private 
hospital: a multidisciplinary practice improvement project. Contemporary Nurse 2010; 35(2): 234-244. 

Eckman MH, Rosand J, Greenberg SM, Gage BF. Cost-effectiveness of using pharmacogenetic 
information in warfarin dosing for patients with nonvalvular atrial fibrillation. Ann Intern Med. 2009; 
150: 73-83. 

Elliott, R. A., Woodward, M. C., and Oborne, C. A. Antithrombotic prescribing in atrial fibrillation: 
application of a prescribing indicator and multidisciplinary feedback to improve prescribing. Age & 
Ageing 2002; 31(5): 391-396. 

European Medicines Agency Press Release 18 November 2011. European Medicines Agency 
updates on safety of Dabigatran.  

Ezekowitz MD, Bridgers SL, James KE, Carliner NH, Colling CL, Gornick CC, et al. Warfarin in the 
prevention of stroke associated with non­ rheumatic atrial fibrillation. (SPINAF).N Engl J Med 1992; 
327: 1406­12. 

Fahridin S, Charles J, Miller G. Atrial fibrillation in Australian general practice. Australian Family 
Physician 2007; 36(7): 490-491. 

Fang MC, Go AS, Chang Y, Hylek EM, Henault LE, Jevsvold NG, Singer DE. Death and Disability 
from Warfarin-Associated Intracranial and Extracranial Hemorrhages. The American Journal of 
Medicine 2007; 120: 700-05. 

Flaker G, McGowan D, Boechler M, Fortune G, Gage B. Underutilisation of antithrombotic therapy in 
elderly rural patients with atrial fibrillation. American Heart Journal 1999; 137: 307-312. 

Fleming TR, DeMets DL. Surrogate End Points in Clinical Trials: Are We Being Misled? Annals of 
Internal Medicine 1996; 125: 605-613. 

Fuster V, Ryden LE, Cannom DS, et al. ACC/AHA/ESC 2006 Guidelines for the Management of 
Patients with Atrial Fibrillation: a report of the American College of Cardiology/American Heart 
Association Task Force on Practice Guidelines and the European Society of Cardiology Committee 
for Practice Guidelines (Writing Committee to Revise the 2001 Guidelines for the Management of 
Patients With Atrial Fibrillation). Circulation 2006; 114(7): e257-354. 

Gattellari M, Goumas C, Aitken R, Worthington JM. Outcomes for pateints with ischaemic stroke and 
atrial fibrillation: the PRISM Study (a program of research informing stroke management). 
Cerebrovascular Disorders 2011; 32: 370-382. 

Gattellari M, Worthington JM, Zwar N, Middleton S. Barriers to the use of anticoagulation for 
nonvalvular atrial fibrillation. Stroke 2008; 39: 227-230. 

Gialamas, A., Yelland, L. N., Ryan, P., Willson, K., Laurence, C. O., Bubner, T. K., Tideman, P., and 
Beilby, J. J. Does point-of-care testing lead to the same or better adherence to medication? A 
randomised controlled trial: the PoCT in General Practice Trial. Med J Aust 2009; 191: 487-491. 

Gilbert, A, Roughead L, Sansom L. I‟ve missed a dose; what should I do? Australian Prescriber 2002; 
25(1): 16-18. 

Girvin B, McDermott BJ, Johnston GD. A comparison of enalapril 20 mg once daily versus 10 mg 
twice daily in terms of blood pressure lowering and patient compliance. J Hypertens 1999;17: 1627–
1631. 

Gladstone D, Bui E, Fang J, Laupacis A, Lindsay MP, Vu JV, Silver FL, Kapral MK. Potentially 
preventable strokes in high-risk patients with atrial fibrillation who are not adequately anticoagulated. 
Stroke 2009: 40: 235-240. 

Glynn L, Fahey T. Cardiovascular medication: improving adherence. Clinical Evidence 2009; 8: 220-
241. Available from: http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2907813/pdf/2009-
0220.pdf/?tool=pmcentrez 

http://www.ncbi.nlm.nih.gov/pubmed/18402715
http://www.ncbi.nlm.nih.gov/pubmed/18402715
http://www.ncbi.nlm.nih.gov/pubmed/19153410
http://www.ncbi.nlm.nih.gov/pubmed/19153410
http://clinicalevidence.bmj.com/ceweb/conditions/cvd/0220/0220_contribdetails.jsp
http://clinicalevidence.bmj.com/ceweb/conditions/cvd/0220/0220.jsp


REFERENCES 

 BOEHRINGER INGELHEIM SUBMISSION TO THE ANTICOAGULATION REVIEW 2012 

Go A, Hylek E,  Phillips K, et al Prevalence of Diagnosed Atrial Fibrillation in Adults National 
Implications for Rhythm Management and Stroke Prevention: the AnTicoagulation and Risk Factors In 
Atrial Fibrillation (ATRIA) Study JAMA. 2001; 285(18):2370-2375 

Granger C. Apixaban versus Warfarin in Patients with Atrial Fibrillation – Results of the ARISTOTLE 
Trial. European Society of Cardiology 2011. Available from: 
http://spo.escardio.org/eslides/view.aspx?eevtid=48&fp=413 

Gulseth MP, Grice GR, Dager WE. Pharmacogenomics of warfarin: uncovering a piece of the warfarin 
mystery. Am J Health Syst Pharm. 2009; 66(2): 123-33. 

Guyatt GH, Akl EA, Crowther M, Gutterman DD, Schuunemann HJ. Executive Summary: 
Antithrombotic Therapy and Prevention of Thrombosis, 9

th
 ed: American College of Chest Physicians 

Evidence-Based Blinical Practice Guidelines. Chest 2012; 141: 7S-47S. 

Hankey GJ, Eikelboom JW. Dabigatran etexilate: a new oral thrombin inhibitor. Circulation 2011; 123: 
1436-1450. 

Hart RG, Pearce LA, and Aguilar MI. Meta-analysis: Antithrombotic therapy to prevent stroke in 
patients who have nonvalvular atrial fibrillation. Annals of Internal Medicine 2007; 146:857-867. 

Haverkamp D, Hutten BA, Buller HR, Gallus AS, Lensing WA, Prins MH. The use and specific 
antidotes as a response to bleeding complications during anticoagulant therapy for venous 
thromboembolism. Journal of Thrombosis and Haemostasis 2003; 1: 69-73. 

Heeringa J, van der Kuip D, Hofman A, et al. Prevalence, incidence and lifetime risk of atrial 
fibrillation: the Rotterdam study Eur Heart J 2006;  27(8): 949-953. 

Hillman MA, Wilke RA, Yale SH, et al. A prospective, randomized pilot trial of model-based warfarin 
dose initiation using CYP2C9 genotype and clinical data. Clin Med Res. 2005; 3(3): 137–45. 

Hixson-Wallace JA,  Dotson J,  Blakey  S. Effect of Regimen Complexity on Patient Satisfaction and 
Compliance With Warfarin Therapy. Clin Appl Thromb Hemost 2001; 7: 33-37. 

Hodge K, Janus E, Sundararajan V, Taylor S. Coordinated anticoagulation management in a rural 
setting. Australian Family Physician 2008; 37(4): 280-283. 

Hohnloser SH, Oldgren J, Yang S, Wallentin L, Ezekowitz M, Reilly P, Eikelboom J, Brueckmann, 
Yusuf S, Connolly SJ. Myocardial ischemic events in patients with atrial fibrillation treated with 
dabigatran or warfarin in the RE-LY trial. Circulation  9 January 2012. 

Hollis S, Campbell F. What is meant by intention to treat analysis? Survey of published randomised 
controlled trials. BMJ 1999; 319: 670-674. 

Huang SW, Chen HS, Wang XQ, Huang L, Xu DL, Hu XJ, Huang ZH, He Y, Chen KM, Xiang DK, Zou 
XM, Li Q, Ma LQ, Wang HF, Chen BL, Li L, Jia YK, Xu XM. Validation of VKORC1 and CYP2C9 
genotypes on interindividual warfarin maintenance dose: a prospective study in Chinese patients. 
Pharmacogenet Genomics. 2009; 19(3): 226-34. 

Inglis S, LcLennan S, Dawson A, Birchmore L, Horowitz JD, Wilkinson D, Stewart S. A New Solution 
for and Old Problem? Effects of a Nurse-led, multidisciplinary, Home-based Intervention on 
Readmission and Mortality in Patients With Chronic Atrial Fibrillation. Journal of Cardiovascular 
Nursing 2002; 19(2): 118-127. 

Jackson, S. L., Peterson, G. M., and Vial, J. H. A community-based educational intervention to 
improve antithrombotic drug use in atrial fibrillation. Annals of Pharmacotherapy 2004a; 38(11), 1794-
1799. 

Jackson SL, Peterson GM, Vial JH, Jupe DML. Improving the outcomes of anticoagulation: an 
evaluation of home follow-up of warfarin initiation. Journal of Internal Medicine 2004b; 256: 137–144 

Jackson SL, Bereznicki LR, Peterson GM, et al. Accuracy and clinical usefulness of the near-patient 
testing CoaguChek S international normalised ratio monitor in rural medical practice. Australian 
Journal of Rural Health 2004c; 12(4):137-42. 

Jackson, S., Peterson, G., Vial, J., and Jupe, D. Suboptimal anticoagulant management in patients 
after hospital initiation of warfarin. Australian Family Physician 2004d; 33(6), 477-478. 

Jackson SL, Peterson GM, Bereznicki LR, Misan GM, Jupe DM, Vial JH. Improving the outcomes of 
anticoagulation in rural Australia: an evaluation of pharmacist-assisted monitoring of warfarin therapy. 
Journal of Clinical Pharmacy & Therapeutics 2005; 30(4): 345-53. 

http://jama.ama-assn.org/search?author1=Alan+S.+Go&sortspec=date&submit=Submit
http://spo.escardio.org/eslides/view.aspx?eevtid=48&fp=413
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Gulseth%20MP%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Grice%20GR%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Dager%20WE%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Gulseth%20%5B1au%5D%202009%20%5Bdp%5D%20
http://eurheartj.oxfordjournals.org/search?author1=Jan+Heeringa&sortspec=date&submit=Submit
http://eurheartj.oxfordjournals.org/search?author1=Deirdre+A.M.+van+der+Kuip&sortspec=date&submit=Submit
http://eurheartj.oxfordjournals.org/search?author1=Albert+Hofman&sortspec=date&submit=Submit
http://cat.sagepub.com/search?author1=Julie+A.+Hixson-Wallace&sortspec=date&submit=Submit
http://cat.sagepub.com/search?author1=Jennifer+B.+Dotson&sortspec=date&submit=Submit
http://cat.sagepub.com/search?author1=Sybelle+A.+Blakey&sortspec=date&submit=Submit
http://www.ncbi.nlm.nih.gov/pubmed/19177029
http://www.ncbi.nlm.nih.gov/pubmed/19177029


REFERENCES 

 BOEHRINGER INGELHEIM SUBMISSION TO THE ANTICOAGULATION REVIEW 2012 

Jackson SL, Peterson GM, Vial JH et al. Outcomes in the management of atrial fibrillation: clinical trial 
results can apply in practice. Internal Medicine Journal 2001; 31: 329–336 

Jackson, S. L. and Peterson, G. M. Stroke risk assessment for atrial fibrillation: hospital-based stroke 
risk assessment and intervention program. Journal of Clinical Pharmacy & Therapeutics 2011; 36(1): 
71-79. 

Johnson & Johnson Pharmaceutical Research & Development. Advisory Committee Briefing 
Document: Rivaroxaban for the Prevention of Stroke and Non-Central Nervous System (CNS) 
Systemic Embolism in Patients With Atrial Fibrillation. Available from: 
http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/Drugs/Cardiovascul
arandRenalDrugsAdvisoryCommittee/UCM270797.pdf 

Johnson E, Horne B, Carlquist J and Anderson J. Genotype-Based Dosing Algorithms for Warfarin 
Therapy Data Review and Recommendations. Mol Diagn Ther 2011; 15(5): 255-264. 

Jowett S, Bryan S, Mahe I, et al. A multinational investigation of time and traveling costs in attending 
anticoagulation clinics. Value in Health 2008; 11(2): 207-12. 

Kalra L, Yu G, Perez I,  et al Prospective cohort study to determine if trial efficacy of anticoagulation 
for stroke prevention in atrial fibrillation translates into clinical effectiveness BMJ 2000: 320 (7244): 
1236-1239. 

Kangelaris KN, Bent S, Nussbaum RL, Garcia DA, Tice JA. Genetic testing before anticoagulation? A 
systematic review of pharmacogenetic dosing of warfarin. J Gen Intern Med. 2009; 24(5): 656-64.  

Kelly AM, Kerr D, Hew R. Prevention of stroke in chronic and recurrent atrial fibrillation: role of the 
emergency department in identification of "at-risk" patients. Australian Health Review 2001; 24(3): 61-
5. 

Kimmel SE, Chen,Z, PriceM et al, The Influence of Patient Adherence on Anticoagulation Control With 
Warfarin  Arch Intern Med. 2007; 167: 229-235. 

Kneeland PP, Fang MC. Current issues in patient adherence and persistence: focus on 
anticoagulants for the treatment and prevention of thromboembolism. Patient Prefer Adherence. 
2010; 4:51-60. 

Lafata JE, Martin SA, Kaatz S, Ward RE. The cost-effectiveness of different management strategies 
for patients on chronic warfarin therapy. J Gen Intern Med. 2000, 15(1): 31-7. 

Langenberg M,  Hellemons B  van Ree J W, et al. Atrial fibrillation in elderly patients: prevalence and 
co morbidity in general practice BMJ 1996; 313( 7071): 1534. 

Laurence, C., Gialamas, A., Yelland, L., Bubner, T., Ryan, P., Willson, K., Glastonbury, B., Gill, J., 
Shephard, M., and Beilby, J. A pragmatic cluster randomised controlled trial to evaluate the safety, 
clinical effectiveness, cost effectiveness and satisfaction with point-of-care testing in a general 
practice setting - Rationale, design and baseline characteristics. Trials 2008; 9: 50.  

Laurence C, Moss JR, Briggs NE, Beilby JJ. The cost-effectiveness of point-of-care testing in a 
general practice setting: results from a randomised controlled trial. BMC Health Services Research 
2010; 10: 165-176. 

Lee T, Po H, Lin Y, Tsun W and Wang S. A collaborative care model of anticoagulation therapy in 
patients with stroke. Neurology Asia 2011; 16(2): 111–118. 

Lin HJ, Wolf PA, Kelly-Hayes M, Beiser AS, Kase CS, Benjamin EJ, D'Agostino RB. Stroke severity in 
atrial fibrillation. The Framingham Study. Stroke 1996; 27(10): 1760-4.   

Lubliner, M., Cole-Sinclair, M., Kenneally, A., Street, A., Van, De, V, and Walsh, M. K. Minimising 
medication mishap: Introducing a warfarin safety strategy. Journal of Pharmacy Practice and 
Research 2005; 35(4): 266-270. 

Madden A, Peterson G, Bereznicki L. International normalised ratio control in Southern Tasmania. 
Paper presented at: Australasian Pharmaceutical Science Association Annual Conference, 2011; 
Adelaide, Australia. 

Mandryk, J. A., Wai, A., Mackson, J. M., Patterson, C., Bhasale, A., and Weekes, L. M. Evaluating the 
impact of educational interventions on use of antithrombotics in Australia. Pharmacoepidemiology & 
Drug Safety 2008; 17(2), 160-171. 

http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/Drugs/CardiovascularandRenalDrugsAdvisoryCommittee/UCM270797.pdf
http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/Drugs/CardiovascularandRenalDrugsAdvisoryCommittee/UCM270797.pdf
mailto:Kalra
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kangelaris%20KN%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bent%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nussbaum%20RL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Garcia%20DA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tice%20JA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Kangelaris%20%5B1au%5D%202009%20%5Bdp%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kneeland%20PP%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fang%20MC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/20361065
http://www.ncbi.nlm.nih.gov/pubmed/10632831
http://www.ncbi.nlm.nih.gov/pubmed/10632831
http://www.bmj.com/search?author1=M+Langenberg&sortspec=date&submit=Submit
http://www.bmj.com/search?author1=B+S+P+Hellemons&sortspec=date&submit=Submit
http://www.bmj.com/search?author1=J+W+van+Ree&sortspec=date&submit=Submit
http://www.bmj.com/content/313/7071.toc


REFERENCES 

 BOEHRINGER INGELHEIM SUBMISSION TO THE ANTICOAGULATION REVIEW 2012 

Mant J, Hobbs FD, Fletcher K, Roalfe A, Fitzmaurice D, Lip GY, Murray E; BAFTA investigators; 
Midland Research Practices Network (MidReC). Warfarin versus aspirin for stroke prevention in an 
elderly community population with atrial fibrillation (the Birmingham Atrial Fibrillation Treatment of the 
Aged Study, BAFTA): a randomised controlled trial. Lancet 2007; 370(9586): 493-503. 

Martin JH. Pharmacogenetics of warfarin – is testing clinically indicated? Australian Prescriber 2009; 
30: 76-80. 

McLachlan, A. J., Spindler, M, Fois, R. A., Krass, I., Chen, T. F., and Bajorek, B. A community based 
anticoagulant management service. 2005. The Pharmacy Guild of Australia. 

McLaughlin T, Hogue SL, Stang PE. Once-daily bupropion associated with improved patient 
adherence compared with twice-daily bupropion in treatment of depression. Am J Ther. 2007; 14: 
221-5. 

McMillin GA, Melis R, Wilson A, Strong MB, Wanner NA, Vinik RG, Peters CL, Pendleton RC. Gene-
based warfarin dosing compared with standard of care practices in an orthopedic surgery population: 
a prospective, parallel cohort study. Ther Drug Monit. 2010; 32(3): 338-45. 

McWilliam A, Lutter R, and Nardinelli C. Healthcare impact of personalized medicine using genetic 
testing: an exploratory analysis for warfarin. Personalized Medicine 2008; 5(3): 279-284. 

Meckley LM, Gudgeon JM, Anderson JL, Williams MS, Veenstra DL. A policy model to evaluate the 
benefits, risks and costs of warfarin pharmacogenomic testing. Pharmacoeconomics 2010; 28(1): 61-
74. 

Montori VM, Guyatt GH. Intention-to-treat principle. Canadian Medical Association Journal 2001; 165: 
1339-1341. 

Morgan TK, Williamson M, Pirotta M, Stewart K, Myers SP, Barnes J. A national census of medicines 
use: a 24-hour snapshot of Australians aged 50 years and older. MJA 2012; 196: 50-53. 

Mullan J. To develop and trial a new warfarin education program. University of Wollongong 
Thesis Collection 2005. Available from: http://ro.uow.edu.au/theses/561/ 

National Institute for Health and Clinical Excellence. Final appraisal determination – Dabigatran 
etexilate for the prevention of stroke and systemic embolism in atrial fibrillation. Available from 
http://www.nice.org.uk/nicemedia/live/12225/56899/56899.pdf 

National Institute of Clinical Studies, Evidence-Practice Gaps Report Volume 1: A review of 
developments: 2004–2007. Canberra: National Health and Medical Research Council; 2008 

National Prescribing Service. Reducing thromboembolic risk in atrial fibrillation. National Prescribing 
Service Newsletter, 2003; 30. 

National Stroke Foundation, 2011. National Stroke Audit – Acute Services Clinical Audit Report. 
Melbourne, Australia. www.strokefoundation.com.au 

Newcastle Anticoagulation Study Group. Effectiveness of anticoagulation among patients discharged 
from hospital on warfarin. Med J Aust. 1998; 169(5): 243-246. 

Ogilvie IM, Newton N, Welner SA, Cowell W, Lip GY. The American Journal of Medicine 2010; 123: 
638-645. 

O'Malley SP. Issues facing the Australian Health Technology Assessment Review of medical 
technology funding. Med J Aust. 2010; 193(1): 30-3. 

Parker CS, Chen Z, Price M ,et al   Adherence to Warfarin Assessed by Electronic Pill Caps, Clinician 
Assessment, and Patient Reports: Results from the IN-RANGE Study. J Gen Intern Med. 2007; 22(9): 
1254–1259. 

Patel BV, Leslie S,1 Thiebaud P, etal.Adherence with single-pill amlodipine/atorvastatin vs. a two-pill 
regimen. Health Risk Manag 2008; 4(3): 673–681. 

Pengo V, Pegoraro C, Cucchini U, Iliceto S. Worldwide management of oral anticoagulant therapy: 
the ISAM study. J Thromb Thrombolysis. 2006; 21(1):73-7. 

Peterson GM, Boom K, Jackson L, Vial JH. Doctors‟ beliefs on the use of antithrombotic therapy in 
atrial fibrillation: identifying barriers to stroke prevention. Internal Medicine Journal 2002; 32: 15-23. 

Peterson P, Boyson G, Godtfredsen J, Andersen ED, Andersen B on behalf of the Copenhagen Atrial 
Fibrillation Aspirin Anti­Koagulation Study Group. Placebo­controlled randomised trial of warfarin and 
aspirin for prevention of thromboembolic complications in chronic atrial fibrillation. Lancet 1989; i: 
175­89. 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22McLaughlin%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hogue%20SL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Stang%20PE%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/17414593
http://www.ncbi.nlm.nih.gov/pubmed?term=%22McMillin%20GA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Melis%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wilson%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Strong%20MB%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wanner%20NA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Vinik%20RG%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Peters%20CL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Pendleton%20RC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=McMillin%20%5B1au%5D%202010%20%5Bdp%5D%20warfarin
http://www.futuremedicine.com/loi/pme
http://www.ncbi.nlm.nih.gov/pubmed/20014877
http://www.ncbi.nlm.nih.gov/pubmed/20014877
http://www.ncbi.nlm.nih.gov/pubmed?term=O%E2%80%99Malley%20%5B1au%5D%202010%20%5Bdp%5D%20Issues%20facing%20the%20Australian%20Health%20Technology
http://www.ncbi.nlm.nih.gov/pubmed?term=%22O%27Malley%20SP%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=O%E2%80%99Malley%20%5B1au%5D%202010%20%5Bdp%5D%20Issues%20facing%20the%20Australian%20Health%20Technology
http://www.ncbi.nlm.nih.gov/pubmed/16475046
http://www.ncbi.nlm.nih.gov/pubmed/16475046


REFERENCES 

 BOEHRINGER INGELHEIM SUBMISSION TO THE ANTICOAGULATION REVIEW 2012 

Peterson, G. M., Lutrrell, D, Hughes, J., Raymond, K, Tompson, A, Jachuck, S. J., Hasan, O, Gee, P, 
Nash, R, Cooper, C, Fitzmaurice, D., and Roberts, B. Facilitating quality use of medicines between 
hospital and community. 2006. The Pharmacy Guild of Australia.  

Peterson, G., Jackson, S., Bereznicki, L., Nelson, M., Angley, M., Mullan, J. R., Gaetani, L., Misan, 
G., Marsden, K., Warbuton, K, Eaton, V., Shakib, S., Maddison, J, Doecke, C., Mangoni, A. A., Yeo, 
W, Potter, J, Seaton, S, Gee, P, Fitzmaurice, D., Stafford, L., van Tienen, E. C., Hill, G, DeBoos, I, 
Doran, C, and Jainullabudeen, T. The role of community pharmacy in post hospital management of 
patients initiated on warfarin. 2010. Pharmacy Guild of Australia. 

Pharmaceutical Society of Australia. Antithrombotics Essential CPE 2009. 

Pickering A, Thomas DP. An audit of INR control in the Australian indigenous setting. Australian 
Family Physician 2007; 36(11): 959-60. 

Pirmohamed M, James S, Meakin S, et al. Adverse drug reactions as cause of admission to hospital: 
prospective analysis of 18 820 patients. BMJ 2004; 329(7463): 460. 

Platt AB  A. Localio AR, Brensinger, CM et al,  Can We Predict Daily Adherence to Warfarin? Results 
From the International Normalized Ratio Adherence and Genetics (IN-RANGE) Study Chest 2010;. 
137(4): 883-889. 

Pocock SJ, Assmann SE, Enos LE, Kasten LE. Subgroup analysis, covariate adjustment and baseline 
comparisons in clinical trial reporting: current practice and problems. Statistics in Medicine 2002; 21: 
2917-2930. 

PricewaterhouseCoopers. Medicare Schedule Review Board  - A resource-based model of private 
medical practice in Australia – final report Volume 1. December 2000. 

Read SJ and Levy J. Differences in stroke care practices between regional and metropolitan 
hospitals. Internal Medicines Journal 2005; 35: 447-450. 

Rigby K, Clark RB, Runciman WB. Adverse events in health care: setting priorities based on 
economic evaluation. J Qual Clin Practice, 1999; 19: 7-12. 

Roberts, G. W. and Adams, R. Impact of introducing anticoagulation-related prescribing guidelines in 
a hospital setting using academic detailing. Therapeutics and Clinical Risk Management 2006; 2(3): 
309-316. 

Rose AJ, Hylek EM, Ozonoff A, Ash AS, Reisman JI, Callahan PP, Gordon MM, Berlowitz DR. 
Relevance of current guidelines for organizing an anticoagulation clinic. Am J Manag Care. 2011; 
17(4): 284-9. 

Rose AJ, Ozonoff A, Henault LE, Hylek EM. Warfarin for atrial fibrillation in community-based practise. 
J Thromb Haemost. 2008; 6(10):1647-54. 

Rosendaal F, van der Meer F, Cannegeiter S. Management of anticoagulant therapy: The Dutch 
Experience. Journal of Thrombosis and Thrombolysis 1996; 2(4): 265-269,  

Rosendaal FR, Cannegieter SC, van der Meer FJM, Briet E. A Method to Determine the Optimal 
Intensity of Oral Anticoagulant Therapy. Thrombosis and Haemostasis 1993: 69(3): 236-239. 

Roskell NS, Lip GYH, Noack H, Clemens A, Plumb JM. Treatments for stroke prevention in atrial 
fibrillation: a network meta-analyses and indirect comparisons versus dabigatran etexilate. Throm 
Haemost. 2011; 102. 

Rothwell PM. Subgroup analysis in randomised controlled trials: importance, indications, and 
interpretation. Lancet 2005; 365: 176-186. 

Roughead, E. E., Barratt, J. D., Ramsay, E., Pratt, N., Ryan, P., Peck, R., Killer, G., and Gilbert, A. L. 
Collaborative home medicines review delays time to next hospitalization for warfarin associated 
bleeding in Australian war veterans. Journal of Clinical Pharmacy & Therapeutics 2011; 36(1): 27-32.  

general practice and its tr eatment pattern. Journal of Clinical Epidemiology 2002; 55(4): 358-363. 

Saour J, Gallus A. Warfarin: is it time to reduce target ranges again? Aust. NZ J Med. 1993; 23: 692-
696.  

Schmitt L, Speckman J, Ansell J. Quality Assessment of Anticoagulation Dose Management: 
Comparative Evaluation of Measures of Time-in-Therapeutic Range. Journal of Thrombosis and 
Thrombolysis 2003; 15(3): 213-216. 

http://chestjournal.chestpubs.org/search?author1=Alec+B.+Platt&sortspec=date&submit=Submit
http://chestjournal.chestpubs.org/search?author1=A.+Russell+Localio&sortspec=date&submit=Submit
http://chestjournal.chestpubs.org/search?author1=Colleen+M.+Brensinger&sortspec=date&submit=Submit
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rose%20AJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hylek%20EM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ozonoff%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ash%20AS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Reisman%20JI%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Callahan%20PP%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Gordon%20MM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Berlowitz%20DR%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Rose%20%5B1au%5D%202011%20%5Bdp%5D%20current%20anticoagulation
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rose%20AJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ozonoff%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Henault%20LE%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hylek%20EM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/18853483
http://www.springerlink.com/content/0929-5305/
http://www.sciencedirect.com/science/journal/08954356
http://www.sciencedirect.com/science?_ob=PublicationURL&_hubEid=1-s2.0-S0895435600X0090X&_cid=271297&_pubType=JL&view=c&_auth=y&_acct=C000228598&_version=1&_urlVersion=0&_userid=10&md5=f9bba6d3da5f297b1cd246f08a9f581f


REFERENCES 

 BOEHRINGER INGELHEIM SUBMISSION TO THE ANTICOAGULATION REVIEW 2012 

Schulman S, Beyth RJ, Kearon C, Levine MN. Hemorrhagic complications of anticoagulant and 
thrombolytic treatment: American College of Chest Physicians Evidence-Based Clinical Practice 
Guidelines (8th Edition). Chest 2008; 133(6 Suppl): 257S-298S. 

Shaw J, Harrison J, Harrison J. Community Pharmacist-led Anticoagulation Management Service – 
Final Report. 2011. Available from: 
http://www.healthworkforce.govt.nz/sites/all/files/Pharmacy%20AMS%20demonstration%20final%20e
valuation%20report.pdf 

Simons, L, Ortiz, M & Calcino, G. Long-term persistence with statin therapy: Australia-wide 
experience 2006-2010. Australian Family Physician 2011; 40 (5): 319-322. 

Simons, L, Ortiz, M & Calcino, G. Persistence with a single pill versus two pills of amlodipine and 
atorvastatin: Australia-wide experience 2006-2010. Med J Aust 2011; 195 (3):134-137. 

Simons, L, Ortiz, M & Calcino, G. Persistence with anti-hypertensive medication: Australia-wide 
experience 2004-2006. Med.J.Aust 2008; 188 (4): 224-227. 

Singer DE, Albers GW, Dalen JE, et al. Antithrombotic Therapy in Atrial Fibrillation: American College 
of Chest Physicians Evidence-Based Clinical Practice Guidelines (8th Edition). Chest 2008: 133(6 
suppl): 546S–592S. 

Singer DE, Chang Y and Go AS. The Net Clinical Benefit of Warfarin Anticoagulation for Atrial 
Fibrillation. Annals of Internal Medicine 2010; 152(4): 265. 

Singer DE, Chang Y, Fang MC, Borowsky LH, Pomernacki NK, Udaltsova N, Go AS.The Net Clinical 
Benefit of Warfarin Anticoagulation for Atrial Fibrillation. Ann Intern Med 2009;151(5): 297-305. 

Stafford, L., Peterson, G. M., Bereznicki, L. R., and Jackson, S. L. A role for pharmacists in 
community-based post-discharge warfarin management: protocol for the 'the role of community 
pharmacy in post hospital management of patients initiated on warfarin' study. BMC Health Services 
Research 2011; 11: 16. 

Stroke Prevention in Atrial Fibrillation (SPAF) Investigators. Stroke prevention in atrial fibrillation 
study: final results. Circulation 1991; 84: 527­39. 

Sturm JW, Davis SM, O‟Sullivan JG, Vedadhaghi ME, Donnan GA. The Avoid Stroke as Soon as 
Possible (ASAP) general practice stroke audit. Medical Journal of Australia 2002; 176(7): 312-6 

Tannous WK, Luo K. Ownership of Residential Aged Care Facilities in Australia. Macquarie 
Economics Research Papers. November 2006. Available from: 
http://www.econ.mq.edu.au/research/2006/8_2006_Tannous_Luo.pdf 

Uchino K, Hernandez AV. Dabiagtran association with higher risk of acute coronary events. Meta-
analysis of noninferiority randomized controlled trials. Arch Intern Med 9 January 2012 

Udelson JE, Pressler SJ, Sackner-Bernstein J, et al. Adherence with once daily versus twice daily 
carvedilol in patients with heart failure: the Compliance And Quality of Life Study Comparing Once-
Daily Controlled-Release Carvedilol CR and Twice-Daily Immediate-Release Carvedilol IR in Patients 
with Heart Failure (CASPER) Trial. J Card Fail 2009; 15: 385–393. 

Ufer M. Comparative pharmacokinetics of vitamin K antagonists: warfarin, phenprocoumon and 
acenocoumarol. Clin Pharmacokinet. 2005; 44(12):1227-46. 

Van De Vreede, M. A., Kenneally, A. L., and Lubliner, M. Introducing a Multidisciplinary Medication 
Safety Program in a Major Hospital. Journal of Pharmacy Practice and Research 2003; 33(4)290-292. 

van Ryn J, et al. Dabigatran anticoagulant activity is neutralized by an antibody selective to 
dabigatran in in vitro and in vivo models. Presented at the 60th Annual Scientific Session of the 
American College of Cardiology; 5th April 2011.   

van Ryn J, Stangier J, Haertter S, Liesenfeld KH, Wienen W, Feuring M, Clemens A. Dabigatran 
etexilate - a novel, reversible, oral direct thrombin inhibitor: Interpretation of coagulation assays and 
reversal of anticoagulant activity. Thromb Haemost 2010; 103(6): 1116-27.  

van Walraven C, Jennings A, Oake N, Fergusson D, Forster AJ. Effect of study setting on 
anticoagulation control: a systematic review and metaregression. Chest 2006; 129(5): 1155-66. 

van Walraven C, Oake N, Wells PS, Forster AJ. Burden of potentially avoidable anticoagulant-
associated hemorrhagic and thromboembolic events in the elderly. Chest 2007; 131(5): 1508-15. 

Verhovsek M, Motlagh B, Crowther M et al   Quality of anticoagulation and use of warfarin-interacting 
medications in long-term care: A chart review. BMC Geriatrics 2008; 8: 13. 

mailto:dsinger@partners.org
http://www.ncbi.nlm.nih.gov/pubmed/16685005
http://www.ncbi.nlm.nih.gov/pubmed/16685005


REFERENCES 

 BOEHRINGER INGELHEIM SUBMISSION TO THE ANTICOAGULATION REVIEW 2012 

Vitry AI, Roughhead EE, Ramsay EN, Preiss AK, Ryan P, Gilbert AL, Caughey GE, Shakib S, 
Esterman A, Zhang Y, McDermott RA. Major bleeding risk associated with warfarin and co-
medications in the elderly population. Pharmacoepidemiology and Drug Safety 2011; 20: 1057-1063. 

Wallentin L. Efficacy and Safety of Apixaban Compared with Warfarin at Different Levels of INR 
Control for Stroke Prevention in Atrial Fibrillation. Presented at the European Soceity of Cardiology 
Congress 2011. Available from: http://www.cardio.se/fileArchive/Kongresser/ESC-
2011/ARISTOTLE%20-%20Wallentin.pdf 

Wallentin L, Yusuf S, Ezekowitz MD et al. Efficacy a safety of dabigatran compared with warfarin at 
different levels of international normalised ratio control for stroke prevention in atrial fibrillation: an 
analysis of the RE-LY trial. Lancet 2010; 376: 975-983. 

Wan Y, Heneghan C, Perera R, Roberts N, Hollowell J, Glasziou P, Bankhead C, Xu Y. 
Anticoagulation Control and Predicition of Adverse Events in Patients With Atrial Fibrillation: A 
Systematic Review. Circ Cardiovasc Qual Outcomes 2008; 1: 84-91. 

Wann LS, Curtis AB, Ellenbogen et al. 2011 ACCF/AHA/HRS Focused Update on the Management of 
Patients With Atrial Fibrillation (Update on Dabigatran). Journal of the American College of Cardiology 
2011; 57(11). Available from: http://content.onlinejacc.org/cgi/content/full/j.jacc.2011.01.010v1 

Witt DM, Sadler MA, Shanahan RL, Mazzoli G, Tillman DJ. Effect of a centralized clinical pharmacy 
anticoagulation service on the outcomes of anticoagulation therapy. Chest. 2005;127(5):1515-22. 

Wolf PA, Abbott RD, Kannel WB. Atrial fibrillation as an independent risk factor for stroke: the 
Framingham Study. Stroke 1991; 22(8): 983-8.   

You JH, Tsui KK, Wong RS, Cheng G. Potential clinical and economic outcomes of CYP2C9 and 
VKORC1 genotype-guided dosing in patients starting warfarin therapy. Clin Pharmacol Ther. 2009; 
86(5): 540-7. 

Yusuf S, Wittes J, Probstfield J, Tyroler HA. Analysis and Interpretation of Treatment Effects in 
Subgroups of Patients in Randomized Clinical Trials. Journal of the American Medical Association 
1991; 266(1): 93-98. 

Zimetbaum PJ, Thosani A, Yu T, Xiong Y, Lin J, Kothawala P, Emons M. Are Atrial Fibrillation 
Patients Receiving Warfarin in Accordance with Stroke Risk? The American Journal of Medicine 
2010; 123(5): 446-53.  

 

http://www.cardio.se/fileArchive/Kongresser/ESC-2011/ARISTOTLE%20-%20Wallentin.pdf
http://www.cardio.se/fileArchive/Kongresser/ESC-2011/ARISTOTLE%20-%20Wallentin.pdf
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Witt%20DM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sadler%20MA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Shanahan%20RL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mazzoli%20G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tillman%20DJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=witt%20%5B1au%5D%202005%20%5Bdp%5D%20anticoagulation
http://www.ncbi.nlm.nih.gov/pubmed?term=%22You%20JH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tsui%20KK%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wong%20RS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Cheng%20G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=You%20%5B1au%5D%202009%20%5Bdp%5D%20potential%20Clinical%20and%20Economic%20Outcomes

