
  

 

Appropriate antithrombotic therapy use in a hospitalised cohort 

of atrial fibrillation patients in Western Australia, 2009-2016. 

Predictors and temporal trends. 

 

Dr Rebecca Hutchens 

MBBS (Hons) 

 

 

 

 

 

 

 

 
 

This thesis is presented for the degree of Masters of Clinical Research (Thesis and 

Coursework) of the University of Western Australia 

Medical School 

Faculty of Health and Medical Sciences 

August 2018 

 

 



 i 

 
THESIS DECLARATION 
 

I, Dr Rebecca Hutchens, certify that: 

 

This thesis has been substantially accomplished during enrolment in the degree. This thesis 

does not contain material which has been submitted for the award of any other degree or 

diploma in my name, in any university or other tertiary institution. No part of this work 

will, in the future, be used in a submission in my name, for any other degree or diploma in 

any university or other tertiary institution without the prior approval of the University of 

Western Australia and where applicable, any partner institution responsible for the joint-

award of this degree. This thesis does not contain any material previously published or 

written by another person, except where due reference has been made in the text and, where 

relevant, in the Declaration that follows. The work is not in any way a violation or 

infringement of any copyright, trademark, patent, or other rights whatsoever of any person. 

 

The research involving human data reported in this thesis was assessed and approved by the 

ethics committees at the Department of Health Western Australia (201610.04), Sir Charles 

Gairdner Hospital (2011-154) and the University of Western Australia (RA/4/1/8788). 

Technical assistance was kindly provided by Mr Jew Ewen, Ms Christina Stadler and Ms 

Charmaine Tonkin with extracting patient data, Ms Katayun Mohammadi with data 

collection for an audit of participants’ medical records and Mr Matthew Yap with providing 

syntax for statistical analyses as described in the Candidates Statement of Contribution 

section of this thesis. This thesis contains co-authored published work as described in the 

Authorship Declaration section of this thesis. 

 

Signature:   Date: 29th August 2018 

 



 ii 

ABSTRACT 

 

Background 

 

Oral anticoagulation (OAC) therapy in at-risk patients with non-valvular atrial fibrillation 

and/or atrial flutter (AF) reduces the risk of ischaemic stroke and is the only treatment that 

improves all-cause mortality. Despite the known benefit of OAC therapy, antithrombotic 

therapy use in AF subjects is frequently discordant with evidence-based guidelines. Recent 

registry data show increasing OAC use in high risk patients driven largely by uptake of 

non-VKA oral anticoagulants (NOACs), but treatment gaps remain. In Australia, 

contemporary data on OAC use in AF subjects is lacking and are essential to identify 

evidence-treatment gaps and the reasons underlying under-use of OAC therapy. 

 

Aims 

 

The primary aim of this study was to examine temporal trends in appropriate 

antithrombotic therapy use on discharge from hospital in a cohort of hospitalised AF 

patients in Western Australia and to identify evidence-treatment gaps in contemporary 

clinical practice. Secondary aims were to determine predictors of OAC under-use in the 

study cohort and to evaluate the impact of a local AF management clinical decision support 

tool on anticoagulation use over time. 

 

Methods 

 

This retrospective cohort study identified all adults admitted to a tertiary and secondary 

hospital in Perth, Western Australia, with a history of non-valvular AF recorded on their 

hospital discharge summary between the 1st of January 2009 and the 31st of March 2016. 

Clinical and demographic information from patients’ discharge summaries and laboratory 

results obtained from PathWest were used to calculate patients’ stroke and bleeding risk 

scores and determine discharge antithrombotic therapy. The clinical decision support tool 
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calculates patients’ stroke and bleeding risk scores and provides evidence-based treatment 

recommendations. Trends in antithrombotic therapy were analysed using univariate logistic 

regression analysis. Predictors of OAC therapy were analysed using multivariable logistic 

regression analysis. The impact of the decision tool was analysed using a Chi-Squared test 

comparing OAC use in admissions where the tool was used with the remaining cohort.  

 

Results 

 

A total of 11,294 index AF admissions were identified with 86.3% at high risk of stroke 

(CHA2DS2-VASc ≥	2 in men and ≥	3 in women). In high risk patients OAC use increased 

from 31.9% in 2009 to 45.3% in 2015/2016 (trend p<0.001). From 2013 onwards use of 

NOACs doubled each year and by 2015/2016 accounted for half of all oral anticoagulants 

used. In low risk patients (CHA2DS2-VASc = 0 in men and 1 in women), 40.5% of patients 

were receiving OAC therapy and this proportion remained constant over time (p=0.104). 

 

Absence of OAC therapy in high-risk patients was independently associated with female 

gender, older patient age and a number of HAS-BLED risk factors. The gender gap in OAC 

use narrowed over time, but use of OAC therapy in elderly patients (≥	85 years old) 

remained lower than younger patients (< 65 years old) over the entire period. In 2015/2016, 

only 34.5% of elderly AF patients (≥	85 years old) were receiving OAC therapy. The 

clinical decision support tool was used in 5.1% of patient admissions after introduction in 

2012 and was associated with a higher OAC treatment proportion than the remaining cohort 

(64.4% vs 36.4%, p<0.0001). 

 

Conclusion 

 

Use of OAC therapy has improved over time in AF subjects at high risk of stroke. 

However, significant evidence-treatment gaps remain with less than half of high risk 

patients receiving appropriate OAC therapy in 2015/2016 and a high number of low-risk 

patients still receiving OAC therapy. Although the gender gap in OAC therapy narrowed 

over the period, elderly age and HAS-BLED risk factors remained strong barriers to 
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appropriate OAC therapy. The clinical decision support tool has potential to reduce these 

evidence-treatment gaps but was limited by poor uptake, and further work is required to 

improve the utility of the tool. Further implementation research is urgently needed to drive 

OAC use to optimal levels in AF management in Australia. 
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1 STUDY AIMS 

 

1.1 Primary aim 

 

1. To examine temporal trends in appropriate antithrombotic therapy use on discharge 

from hospital in a cohort of hospitalised atrial fibrillation patients in Western 

Australia and to identify evidence-treatment gaps in contemporary clinical practice. 

 

1.2 Secondary aims 

 

1. To determine patient and demographic factors associated with use and absence of 

anticoagulation therapy in eligible patients in the study cohort. 

2. To evaluate the impact of a point-of-care clinical decision support tool in atrial 

fibrillation management on anticoagulation use over time. 
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2 LITERATURE REVIEW 

 

2.1 Introduction 

 

Atrial fibrillation and/or atrial flutter (AF) is evolving as a major health burden within 

Australia and internationally. Potential consequences of AF include an increased risk of 

stroke, heart failure and premature death1. Oral anticoagulation (OAC) therapy in at-risk 

patients with AF reduces the risk of ischaemic stroke and is the only treatment that 

improves all-cause mortality2. In AF patients with a history of rheumatic heart disease 

(mitral stenosis) and/or mechanical heart valves the risk of stroke increases significantly 

and OAC is always recommended, hence the following discussion refers to patients with 

non-valvular AF3. Stroke risk stratification schemes such as CHA2DS2-VASc (Congestive 

heart failure, Hypertension, Age ≥	75, Diabetes, prior Stroke/transient ischaemic 

attack/thromboembolism, Vascular disease, Age 65-74, female sex) estimate an 

individual’s annual risk of stroke and assist physicians to identify AF subjects who would 

benefit from OAC therapy4. Current international AF management guidelines recommend 

OAC therapy in men with a CHA2DS2-VASc score ≥	2 and in women with a CHA2DS2-

VASc score ≥	33. However, numerous AF cohorts overseas have demonstrated substantial 

under-use of OAC therapy in eligible patients5. Recent AF registry data show increasing 

OAC use in high risk patients, driven largely by uptake of non-vitamin K antagonist oral 

anticoagulants (NOACs), but treatment gaps persist6. In Australia, contemporary data 

describing patterns of OAC use in AF management is limited and is essential to identify 

evidence-treatment gaps locally and target areas for improvement. Development of local 

strategies to improve implementation of current evidence into clinical practice is also 

necessary.  

 

The following discussion outlines the significant burden and consequences of AF with a 

focus on AF-attributable thromboembolic stroke. Current evidence regarding stroke 

prevention strategies in AF management and the evolution of evidenced-based treatment 

recommendations will be reviewed, to establish a framework through which current AF 
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management practices can be evaluated. Treatment practices in other AF cohorts and 

evidence-treatment gaps will be examined, with an emphasis on the most disadvantaged 

groups in terms of OAC under-use including the elderly, women and patients with renal 

impairment. The rationale for local data and approaches to improve implementation of 

evidence into clinical practice in AF management will also be highlighted. 

 

2.2 Burden and consequences of atrial fibrillation 

 

Atrial fibrillation is the most commonly encountered arrhythmia in clinical practice7. Atrial 

fibrillation results from disordered activation of the atrial chambers, leading to a reduction 

in the mechanical function of the atria and irregular ventricular activation3. Different 

patterns of AF have been described based on its clinical presentation, duration and adopted 

management strategy, as shown in table 2.13. Many patients with paroxysmal AF will 

progress to permanent AF over time3. Atrial fibrillation can be both asymptomatic and 

detected incidentally or symptomatic3. Potential symptoms of AF include fatigue, 

palpitations, chest pain, dyspnoea and psychological distress3. Of note, patients with 

symptomatic paroxysmal AF often have asymptomatic recurrences3. Women are more 

likely to experience symptoms with AF than men8,9. In elderly subjects AF is more likely to 

present with non-specific symptoms10. Numerous risk factors for AF have been described, 

including lifestyle factors such as alcohol abuse, smoking, obesity and other co-morbidities 

such as hypertension, heart failure, valvular heart disease, obstructive sleep apnoea, 

hyperthyroidism, diabetes mellitus, chronic kidney disease and chronic inflammatory 

states11-13. 
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Table 2.1 Patterns of atrial fibrillation 

Pattern of atrial fibrillation Definition 

First diagnosed Duration unknown 

Duration ≤ 7 days* 

Duration > 7 days* 

Duration ≥	12 months where a rhythm control strategy is 

adopted  

Permanent AF accepted by the patient and physician (no rhythm 

control strategy is adopted) 

Paroxysmal 

Persistent 

Long-standing persistent 

 

Permanent 

Table modified from the 2016 European Society Cardiology guidelines for the management of atrial 

fibrillation14. 

* Includes episodes of AF that are cardioverted within the time period. 

AF, atrial fibrillation.  

 

2.2.1 Epidemiology 

 

In North America and Europe an estimated 1 in 4 adults will develop AF during their 

lifetime11. The estimated population prevalence of AF is 3.3% in men and 2.4% in 

women11,13. The prevalence of AF increases with age and reaches 10% in elderly subjects 

aged 80 years and older15. Women with AF are older than men and have more 

comorbidities, with higher rates of hypertension and heart failure16,17. In 2010 there were 

approximately 33.5 million adults with AF worldwide, with 2.7 million and 2.0 million new 

cases of AF in men and women respectively18. After adjusting for age, the incidence of AF 

is lower in women than men, but because women live longer the absolute number of men 

and women with AF is similar16,19. The global prevalence of AF has increased over time 

and is projected to increase exponentially in the next few decades13,15. The rising 

prevalence of AF has been attributed to the ageing population, rising obesity, better 

detection of AF and improved survival from other cardiovascular diseases 13,18.  

 

In Australia, large-scale epidemiological studies describing the burden of AF are lacking20. 

However, in a recent review of hospital data between 1995-2010 in Western Australia, 

estimates of the age-adjusted hospitalised AF prevalence were similar to the global pooled 
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estimates above (3.3% in men and 1.8% in women)21. Hospitalisations for AF are also on 

the rise11. In Australia, AF hospitalisations increased by 8% each year between 1993-2007, 

which exceeded hospitalisation rates for ischaemic heart disease and heart failure22. Re-

admissions with AF have been identified as a major contributor to rising AF 

hospitalisations in Australia21,22. Globally the number hospitalisations with AF as a 

secondary diagnosis is also increasing11.  

 

2.2.2 Morbidity and mortality 

 

In addition to disabling symptoms, the major consequences of AF include an increased risk 

of stroke, heart failure and all-cause mortality1,23,24. The impact of AF on stroke incidence 

and death was first described in the Framingham Heart Study23. In the Framingham cohort 

AF increased the risk of stroke by up to 5-fold and risk of death by 1.5-fold and 1.9-fold in 

men and women respectively1,23. Atrial fibrillation-attributable strokes are more severe than 

other ischaemic strokes, with reduced survival rates, greater disability encountered, longer 

hospital stays and fewer patients returning home post stroke11,25. Women are more likely to 

experience a fatal or disabling stroke with AF than men26. In Australia an estimated 36% of 

ischaemic strokes are attributable to AF27. With the rising prevalence of AF, the number of 

AF-attributable ischaemic strokes in Australia are also increasing27. In Western Australia 

between 1995-2010, mortality rates after first-ever AF hospitalisation were as high as 17% 

and 27% at 1 and 3 years respectively21. Over time mortality rates due to AF have declined 

and heart failure is increasingly recognised as the leading cause of death in AF patients28,29. 

Of significance, the presence of AF also worsens the prognosis of other cardiovascular 

diseases18. 

 

2.2.3 Impact of gender on thromboembolic risk 

 

Numerous studies have investigated the relationship between gender and thromboembolic 

risk in AF subjects. In a meta-analysis of 17 studies including 5 randomised controlled 

trials, female gender increased the risk of stroke in AF subjects by 1.3 fold overall (95% 
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confidence interval (CI) 1.18-1.46)16. However, female gender appears to increase the risk 

of stroke only in the presence of additional risk factors, with the greatest risk observed in 

women aged ≥	75 years old30. In younger women with AF and no other stroke risk factors, 

the risk of stroke is lower than men 16,30 31,32. The reasons underlying gender differences in 

stroke risk with AF are not clearly understood. Several mechanisms have been proposed, 

including sub-optimal risk factor management in women compared to men17,31. Sex 

differences in myocardial and vascular structure including increased vascular stiffness and 

left ventricular wall thickness in post-menopausal women may result in altered blood flow, 

higher sheer stress and endothelial dysfunction17. Post-menopausal women may also 

experience a pro-thrombotic state as evidenced by increased circulating levels of von-

willebrand factor and other pro-thrombotic biomarkers17. 

 

2.2.4 Healthcare costs 

 

The healthcare costs associated with AF are significant and driven largely by AF 

hospitalisations and complications such as stroke and heart failure18,33. In the United 

Kingdom in the year 2000, AF accounted for an estimated 1% of the total healthcare 

expenditure34. In Australia, the direct healthcare cost of AF was estimated at $874 million 

Australian Dollars (AUD) between 2008-200935. The total lifetime cost of stroke in 

Australia was estimated at $1.3 billion AUD in 199736. Stroke also accounts for the second 

greatest percentage of total healthcare expenditure after ischaemic heart disease in 

Australia37. Contemporary estimates of AF associated healthcare costs in Australia are 

lacking. In view of the rising burden of AF, previous evaluations likely underestimate the 

true financial cost of AF in Australia. 

 

2.3 Stroke prevention strategies in atrial fibrillation management 

 

The major aims of AF management are two-fold – to control symptoms and prevent 

complications3. Oral anticoagulation therapy in AF subjects reduces the risk of ischaemic 

stroke and is the only therapy in AF management that improves all-cause mortality2,38. Rate 
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and/or rhythm control therapies improve symptoms but have not been shown, in general, to 

improve patient outcomes3. The following discussion focuses on stroke prevention 

strategies in AF management. 

 

2.3.1 Oral anticoagulation therapy 

 

Vitamin K antagonists 

 

Warfarin, a Vitamin K Antagonist (VKA), was the first oral anticoagulant available for 

thromboprophylaxis in AF subjects. Warfarin therapy reduces the risk of stroke in AF 

subjects by 64% and improves all-cause mortality by 26%2. Despite extensive clinical 

experience with warfarin it has a number of shortcomings, including a narrow therapeutic 

window requiring frequent blood test monitoring, multiple interactions with medications 

and food and a slow onset of therapeutic effect3. Sub and supra-therapeutic warfarin levels 

can result in thromboembolic events and major bleeding respectively39. Consequently, time 

spent in therapeutic range (TTR) is an important predictor of the adequacy of warfarin 

therapy in AF management39,40. Current guidelines recommend a TTR with warfarin 

therapy of > 70%39. 

 

Non-vitamin K antagonist oral anticoagulants 

 

The advent of NOACs more recently has provided an alternative to warfarin in AF 

management. Non-vitamin K antagonist oral anticoagulants were listed on the 

Pharmaceutical Benefits Scheme (PBS) in Australia in 2013, and include direct thrombin 

inhibitors (dabigatran) and direct factor Xa inhibitors (rivaroxaban and apixaban)41. The 

recommended doses for NOACs in AF management are shown in Table 2.2. Non-vitamin 

K antagonist oral anticoagulants offer many advantages over warfarin therapy, including a 

rapid onset of action, more predictable anticoagulant affects with no requirement for 

routine laboratory monitoring and fewer interactions with medications and food38. 

Consequently, NOACs are advantageous in patient groups where warfarin therapy is 

difficult or contra-indicated7,38. However, unlike warfarin, NOACs are contra-indicated in 
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patients with severe renal failure (creatinine clearance less than 30ml/minute) due to the 

risk of drug accumulation and toxicity3. 

 

Table 2.2 Recommended doses of non-vitamin K antagonist oral anticoagulants in 

atrial fibrillation management 

NOAC Doses Indications for reduced dose 

Apixaban 5mg or 2.5mg twice daily 

 

 

150mg or 110mg twice daily 

20mg or 15mg once daily 

If ≥ 2 of low body weight (≤ 60kg), age ≥ 80 

years and/or serum creatinine ≥ 133 

micromol/L 

Creatinine clearance 30-50ml/minute 

Creatinine clearance 30-49ml/minute 

 

 

Dabigatran 

Rivaroxaban 
Table modified from an article by Brieger et al, Anticoagulation: a GP primer on the new oral 

anticoagulants42. 

NOAC, non-vitamin K antagonist oral anticoagulant; GP, general practitioner. 

 

In a meta-analysis of the individual NOAC versus warfarin clinical trials, NOAC therapy 

reduced stroke rates by 19% and all-cause mortality by 10% compared to warfarin 

therapy38. The reduction in stroke rates observed was primarily due to a reduction in 

haemorrhagic stroke with NOAC therapy, as both NOACs and warfarin showed similar 

efficacy in preventing ischaemic stroke38. Lower dosing regimens for NOACs showed an 

improved safety profile but reduced efficacy in preventing ischaemic stroke compared to 

warfarin38. However the mortality benefit of the higher dosing regimens was preserved in 

the lower dose NOAC group38. Observational cohorts of real-world AF patients comparing 

NOACs and warfarin therapy have shown similar results43-45. There have been no head-to-

head randomised controlled trials comparing individual NOACs in AF management. An 

indirect comparison of NOACs from their individual clinical trials in a fixed-effects meta-

analysis identified apixaban as potentially having the most favourable risk-benefit profile, 

with significantly lower rates of gastrointestinal and other major bleeding compared to 

rivaroxaban and dabigatran therapy46. Despite the greater per unit cost of NOACs 

compared to VKA therapy, long-term therapy with NOACs is more cost-effective due to 

lower monitoring costs and reduced stroke events47. 
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Risk of bleeding with oral anticoagulation therapy 

 

Although major bleeding is a serious safety concern with OAC therapy, bleeding rates are 

reassuringly low. In a meta-analysis of clinical trial and observational data, the median 

incidence rate for major bleeding in subjects receiving VKA therapy was approximately 2 

per 100 patient years48. Mortality rates due to warfarin associated haemorrhage are also 

low, and the majority of deaths are due to intracranial haemorrhage (discussed below)49. In 

the meta-analysis of individual NOAC versus warfarin clinical trials described above, 

NOAC therapy was associated with higher rates of gastrointestinal bleeding but a 14% non-

significant reduction in other major bleeding events overall compared to warfarin 

therapy38,50. However, these estimates may underestimate true bleeding rates, as both 

clinical trials and observational studies are lacking in elderly patients, patients with 

multiple comorbidities and patients during the initial phase of their therapy51.  

 

Intracranial haemorrhage is the most feared complication of OAC therapy52. Mortality rates 

from an intracranial haemorrhage due to VKA or NOAC therapy have been reported as 

high as 55% and 43% respectively at 30 days53. The majority of survivors of an 

anticoagulation associated intracranial haemorrhage are left with severe disabilities52. 

However, an intracranial haemorrhage on OAC therapy is rare, with less than 1% of 

patients developing an intracranial haemorrhage at 12 months53-55. Rates of intracranial 

haemorrhage are even lower with NOAC therapy38. For example, in the ARISTOTLE trial 

(Apixaban for Reduction in Stroke and Other Thromboembolic Events in Atrial 

Fibrillation) comparing warfarin with apixaban therapy, intracranial haemorrhage rates 

were 0.8% per year in the warfarin arm compared to 0.3% per year in the apixaban arm53. 

In a secondary analysis of the ARISTOTLE trial the highest rates of intracranial 

haemorrhage observed was in elderly patients receiving concomitant aspirin therapy53.  

 

Reversal of oral anticoagulation therapy in the setting of major bleeding 

 

The ability to reverse OAC therapy in the setting of major bleeding is desirable. Warfarin 

can be successfully reversed with vitamin K and/or clotting factors, a potential advantage 
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over NOAC therapy3. However, a number of antidotes to NOACs are currently in 

development and an antidote to dabigatran therapy has been available in Australia since 

201656. Idarucizumab is a monoclonal antibody that binds dabigatran and rapidly reverses 

its anticoagulant effects56. Use of clotting factors (prothrombineX) has also been shown to 

reduce the anticoagulant effects of rivaroxaban3. Further research is required to establish 

whether these antidotes improve patient outcomes in the setting of major bleeding. 

Although a lack of reversal agents is a potential concern with NOAC therapy, major 

bleeding events are less likely to be fatal with NOACs compared to warfarin3,50. The 

benefit of NOACs in reducing haemorrhagic stroke was also unrelated to the quality of 

anticoagulation control in patients receiving warfarin therapy57.  

 

Resumption of oral anticoagulation therapy after major bleeding 

 

Major bleeding on OAC therapy is not an absolute contra-indication to re-commencing 

therapy after bleeding has resolved3. A number of causative factors for major bleeding can 

be treated, such as uncontrolled hypertension, intracranial aneurysms and peptic ulcers3. In 

a meta-analysis of observational data, re-commencing OAC therapy after major bleeding 

was associated with lower rates of thromboembolism and all-cause mortality compared to 

those who did not resume therapy58. Recurrence of major bleeding was actually similar 

between the two groups, and the net clinical benefit was in favour of re-commencing OAC 

therapy after major bleeding58. Resuming OAC therapy after an intra-cranial haemorrhage 

also appears to be beneficial59. However, randomised clinical trial data is required to 

confirm these findings.  

 

2.3.2 Antiplatelet therapy 

 

Use of antiplatelet therapy (APT) for stroke prevention in AF management has limited 

evidence. Warfarin therapy is substantially more effective than single or dual antiplatelet 

therapy in preventing stroke (by 40%) and improving all-cause mortality2. In the BAFTA 

(Birmingham Atrial Fibrillation Treatment of the Aged) randomised controlled trial 

comparing aspirin and warfarin therapy in elderly AF patients aged 75 years and older, 
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major bleeding rates were similar with aspirin and warfarin therapy60. The benefit of aspirin 

in preventing stroke is also greater for non-cardioembolic strokes and decreases with 

age2,61. Given the reduced efficacy and significant bleeding risks associated with 

antiplatelet therapy, the latest 2016 European Society Cardiology (ESC) guidelines for AF 

management do not recommend antiplatelet therapy for stroke thromboprophylaxis3. 

 

2.3.3 Combination therapy 

 

Atrial fibrillation and ischaemic heart disease frequently co-exist. Choice of antithrombotic 

therapy in these patients requires careful balancing of thrombotic and bleeding risk3. In 

Western Australia up to 38% of hospitalised patients with AF have a history of ischaemic 

heart disease21. Risk of bleeding with combination therapy with dual antiplatelets and 

anticoagulation therapy is increased, and duration of triple therapy should be minimised62. 

In patients with AF and acute coronary syndrome current guidelines recommend a short 

duration of triple therapy for at least one month (and less than 6 months) followed by dual 

therapy for up to one year3,62. Clopidogrel is the preferred second antiplatelet agent in this 

setting due to higher rates of major bleeding observed with prasugrel and ticagrelor3,62. In 

patients with stable ischaemic heart disease and no acute thrombotic events in the last 12 

months, monotherapy with OAC is recommended3,62.	 

 

2.3.4 Left atrial appendage occlusion 

 

Left atrial appendage occlusion is an alternative method of stroke prevention in AF 

subjects3. Meta-analysis of registry data and two clinical trials comparing left atrial 

appendage occlusion (using the Watchman device) with VKA therapy showed left atrial 

appendage occlusion was non-inferior to warfarin for stroke prevention63. Lower bleeding 

rates have also been observed with left atrial appendage closure and the device has been 

proposed as an alternative in patients with absolute contraindications for long term 

anticoagulation therapy63. 

 



 12 

2.3.5 Oral anticoagulation therapy in elderly atrial fibrillation patients 

 

Elderly patients (≥ 75 years old) have traditionally been excluded from AF clinical trials64. 

However, current available evidence supports OAC use for stroke prevention in elderly AF 

patients65. A recent meta-analysis of older patients enrolled in warfarin versus NOAC 

clinical trials included 25,031 elderly participants aged ≥ 75 years old and showed OAC 

therapy has similar efficacy and safety in the elderly compared to younger patients38,65. The 

BAFTA trial, which exclusively enrolled elderly patients, showed warfarin was superior to 

aspirin in elderly patients for preventing stroke with similar safety and bleeding 

outcomes60. Less clinical trial data is available in the very elderly age group (≥	85 years 

old), and clinical trials have been criticized for excluding older patients with multiple 

comorbidities encountered in clinical practice. However, a recently published analysis of 

real-world elderly patients in the multi-country PREFER-AF registry (PREvention oF 

thromboembolic events – European Registry in Atrial Fibrillation), which included 505 

patients aged ≥ 85 years, showed similar findings66. 

 

2.3.6 Oral anticoagulation therapy in atrial fibrillation patients with chronic kidney 

disease 

 

Patients with chronic kidney disease (CKD) are a unique group in AF management with 

less clinical trial data available to guide clinical practice. Stroke and bleeding risk in AF 

subjects vary with the degree of renal impairment, and the following discussion considers 

two distinct patient groups – non-end CKD (estimated glomerular filtration rate (eGFR) 15-

59ml/min/1.73m2) and end-stage renal failure (ESRF; eGFR < 15ml/min/1.73m2 and/or 

patients receiving renal replacement therapy)67. 

 

Non-end stage chronic kidney disease 

 

Current available evidence supports use of OAC therapy in AF subjects with non-end stage 

CKD. In a sub-group analysis of the SPAF (Stroke Prevention in Atrial Fibrillation) trial, 

which included 516 subjects with stage 3 CKD (eGFR 30-59ml/min/1.73m2), warfarin 



 13 

therapy was associated with a substantial reduction in the risk of stroke and 

thromboembolism with no difference in risk of major haemorrhage compared to aspirin 

therapy68. This finding has been supported by observational data of real-world AF subjects, 

however slightly higher rates of major bleeding with warfarin therapy were also 

observed3,69. Meta-analysis of available NOAC data in patients with non-end stage CKD 

found NOACs were more effective than warfarin in preventing thromboembolic events 

with lower rates of major bleeding in this patient group70,71. 

 

End stage renal failure 

 

Patients with ESRF receiving renal replacement therapy have unique physiology. Regular 

administration of heparin during dialysis may provide some protection against ischaemic 

events, and in combination with uraemic platelet dysfunction and high rates of anaemia, 

increases the risk of bleeding72. Consequently, a greater proportion of strokes in patients 

with ESRF are haemorrhagic rather than ischaemic72. No randomised controlled trials have 

evaluated OAC therapy in patients with ESRF and AF72. Observational studies show 

conflicting results, with significant heterogeneity in methodology, inclusion criteria and 

quality72. Meta-analysis of the limited observational data available found warfarin therapy 

resulted in a non-significant reduction is ischaemic stroke with no mortality benefit and a 

non-significant increase in risk of bleeding72,73. Observational data on NOAC therapy in 

ESRF is limited to dabigatran and rivaroxaban, which showed an increased risk of major 

bleeding and mortality, and consequently NOACs are not recommended in this patient 

group74. Whether OAC therapy should be used for thromboprophylaxis in AF subjects with 

ESRF is yet to be determined. 

 

2.4 Stroke and bleeding risk stratification schemes and the evolution of 

evidenced-based treatment recommendations 

 

2.4.1 Stroke risk stratification schemes 
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Stroke risk with AF is a spectrum and not all patients benefit from OAC therapy. 

Additional risk factors for stroke in AF populations were first described in epidemiological 

research of the late 1990s and in the non-warfarin arms of the early stroke prevention 

clinical trial cohorts75. Clinical risk scores subsequently combined these risk factors into 

composite scores to estimate a patients’ annual risk of stroke and guide selection of 

antithrombotic therapy75. One of the first stroke risk scores adopted in widespread clinical 

use was the CHADS2 score (Congestive heart failure, Hypertension, Age ≥ 75, Diabetes, 

prior Stroke/transient ischaemic attack; TIA)75. The CHADS2 score assigns 1 point each for 

heart failure, hypertension, age ≥ 75 years and diabetes mellitus, and two points for prior 

stroke or TIA76. The CHADS2 score amalgamated two prior stroke risk schemes and was 

first validated in a cohort of hospitalised AF patients in the United States in 200176. The 

CHADS2 score was externally validated in multiple AF cohorts77,78. The CHADS2 score 

categorises AF subjects into high (score ≥ 2), intermediate (score=1) and low (score=0) risk 

groups76. Oral anticoagulation therapy is recommended in high risk subjects76. 

 

Development of the CHA2DS2-VASc score 

 

Despite the simplicity and ease of use of the CHADS2 score, a number of limitations of the 

scheme emerged. The CHADS2 score categorised a large number of patients as intermediate 

risk and is less reliable at identifying truly low risk patients who do not require OAC 

therapy79,80. The CHADS2 score was also derived from historical clinical trial cohorts with 

strict inclusion criteria and consequently a number of emerging risk factors for stroke were 

omitted from the score79,80. In 2010 the CHA2DS2-VASc score built on the CHADS2 score 

to incorporate additional risk factors for stroke and better identify truly low risk patients4. 

The CHA2DS2-VASc score assigns an additional one point each for vascular disease, age 

65-74 years and female sex, and two points for age ≥ 75 years4. The CHA2DS2-VASc score 

was first validated in a European cohort of cardiology patients with AF and externally 

validated in multiple AF cohorts in patients not receiving OAC therapy4,80-82. The 

CHA2DS2-VASc score is superior to the CHADS2 score in identifying truly low risk 

patients whom require no antithrombotic therapy and may also perform better in identifying 



 15 

high risk subjects80,81. Score cut-offs for CHA2DS2-VASc risk categories are discussed 

further below. 

 

Limitations of the CHA2DS2-VASc score 

 

Despite the advantages of the CHA2DS2-VASc score over the CHADS2 score, the 

CHA2DS2-VASc score is of moderate predictive utility.  The c-statistic (area under the 

receiver-operator characteristic curve) for CHA2DS2-VASc risk categories in validation 

cohorts ranges from 0.6-0.779,81-83. Current stroke risk scores have also been criticised for 

categorising patients into three distinct groups when stroke risk in AF subjects is a 

continuum84. Consequently, over time the focus in risk stratifying AF subjects has shifted. 

The 2012 focussed update of the ESC guidelines for the management of AF advocated a 

shift towards first identifying truly low risk patients who require no antithrombotic therapy, 

with consideration for OAC in everyone else84. The 2012 update also emphasised a shift 

away from antiplatelet therapy in low risk patients84.  

 

Impact of atrial fibrillation pattern on stroke risk stratification 

 

Current international AF management guidelines recommend the pattern of AF 

(paroxysmal or non-paroxysmal type) should not be taken into account when deciding to 

initiate OAC therapy3. However, a recent meta-analysis of 12 studies including 10 

randomised controlled trials demonstrated patients with non-paroxysmal patterns of AF had 

a higher risk of thromboembolism and death compared to patients with paroxysmal AF 

(multivariable adjusted hazard ratio of 1.38 for thromboembolism and 1.22 for all-cause 

mortality)85. Further work is needed to determine how the pattern of AF should affect risk 

stratification and decision making in initiating OAC therapy in AF subjects85.  

 

2.4.2 Bleeding risk stratification schemes 

 

Bleeding risk stratification schemes estimate an individual’s risk of major bleeding with 

OAC treatment and assist the physician to identify AF subjects at higher risk of major 
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bleeding3. A number of bleeding risk scores have been developed from AF registry and 

observational data in patients receiving warfarin therapy, including the HEMORR2HAGES 

(Hepatic or renal disease, Ethanol abuse, Malignancy, Older age, Reduced platelet count or 

function, Re-bleeding, Hypertension, Anaemia, Genetic factors, Excessive fall risk and 

Stroke), ORBIT-AF (Outcomes Registry for Better Informed Treatment of Atrial 

Fibrillation), ATRIA (Anticoagulation and Risk factors in Atrial fibrillation) and HAS-

BLED (Hypertension, Abnormal renal/liver function, Stroke, Bleeding history or 

predisposition, Labile international normalized ratio, Elderly (>65 years), Drugs/alcohol 

concomitantly) scores86-89. The HAS-BLED score has performed better in AF populations 

in predicting bleeding events compared to other scores, is simple to use and recommended 

in most AF guidelines3,87,90. The HAS-BLED score was developed from the European 

Heart Survey on AF in patients receiving VKA therapy and externally validated in multiple 

AF cohorts87,91-93. A HAS-BLED score of ≥ 3 is considered high risk for major bleeding87.  

 

Limitations of current bleeding risk scores 

 

Bleeding risk stratification schemes are less well established than stroke risk scores in AF 

management and have a number of significant limitations. Bleeding risk scores are of 

moderate predictive utility90. In validation studies c-statistics for the HAS-BLED score 

ranged between 0.6-0.781,90-94. As intracranial haemorrhage with OAC therapy is rare, the 

majority of bleeding events predicted by the HAS-BLED score are extracranial, which are 

of lesser clinical concern. Many risk factors for major bleeding are also risk factors for 

ischaemic stroke, such as age and hypertension95. The co-distribution of stroke and 

bleeding risk factors also makes bleeding risk scores in high risk patients difficult to 

interpret 95,96.  

 

2.4.3 Future directions 

 

In view of the limitations of current stroke and bleeding risk scores in AF management, 

identifying risk factors that distinguish between stroke and bleeding risk is desirable97. 

Echocardiographic parameters and biomarkers have been proposed as potential risk factors 
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to fill this gap97,98. In 2016 Hijazi and colleagues developed the ABC (Age, Biomarkers and 

Clinical history) bleeding risk score that combined clinical risk factors with biomarkers to 

predict major bleeding, including growth differentiation factor-15, high sensitivity cardiac 

troponin and haemoglobin99. The score was developed and validated in two NOAC versus 

warfarin clinical trial cohorts (the ARISTOTLE and RE-LY (Randomised Evaluation of 

Long-term Anticoagulation Therapy) trials), where it performed better than both the HAS-

BLED and ORBIT scores99. The ABC score has been externally validated in one real-world 

AF cohort in Spain, where it was inferior to the HAS-BLED score in predicting major 

bleeding100. Further studies are required to confirm this finding. Risk stratification schemes 

combining multiple biomarkers have been criticised for being too costly, complicated and 

time consuming to apply in clinical practice97. However, the proposed utility of these 

schemes lies in defining certain patient groups within AF management, such as those at 

truly low risk of stroke who require no antithrombotic therapy3,97. 
 

2.4.4 Estimating stroke and bleeding risk in patients with renal impairment 

 

The risk of both ischaemic stroke and major bleeding is increased in the presence of renal 

impairment71,101,102. Compared to age and gender matched controls with AF, the risk of 

stroke is 3.7 times higher in patients with non-end stage CKD and 5.8 times higher in 

patients with ESRF67. Despite this, estimating stroke risk in patients with renal impairment 

is difficult97. The CHA2DS2-VASc score has limited predictive value in patients with renal 

impairment with lower c-statistics, and the addition of renal impairment does not improve 

the score’s predictive value103,104. By comparison, a number of bleeding risk scores such as 

the HAS-BLED score have incorporated renal impairment into their risk algorithms101. 

Regardless of patients’ score results, patients with CKD should be considered a high-risk 

group. 
 

2.4.5 Net clinical benefit analysis – balancing stroke and bleeding risk 
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Analysis of the net benefit of OAC therapy in AF subjects, defined as the number of 

avoided thromboembolic strokes minus the number of intracranial bleeds with OAC 

therapy (with a weight of 1.5 for intracranial haemorrhage), demonstrated the net benefit 

was in favour of OAC therapy for most patients105. Patients at high risk of both stroke and 

bleeding also seem to derive the greatest benefit with OAC therapy105. Consequently, a 

high bleeding risk score should not result in withholding of OAC treatment in eligible 

patients. Instead, the clinical utility of bleeding risk scores lies in identifying patients at 

high risk of bleeding to intervene on reversible risk factors and initiate closer review and 

follow-up3. An example of event rates for thromboembolism and major bleeding in relation 

to stroke and bleeding risk scores in a real-world AF cohort are provided in tables 2.3 and 

2.4. These results were taken from the Swedish Atrial Fibrillation cohort study, a 

prospective study of 182,678 inpatient and ambulatory AF patients attending Swedish 

hospitals between July 2005 and December 200881. 
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Table 2.3  Stroke/thromboembolism per 100 years at risk in relation to CHA2DS2-

VASc scores in 90,490 patients not receiving anticoagulation in the Swedish Atrial 

Fibrillation cohort study* 

CHA2DS2-VASc score Ischaemic stroke Stroke/TIA/peripheral 

arterial embolism 

0 0.2 0.3 

1 0.6 1.0 

2 2.5 3.3 

3 3.7 5.3 

4 5.5 7.8 

5 8.4 11.1 

6 11.4 15.9 

7 13.1 18.4 

8 12.6 17.9 

9 14.4 20.3 
Table modified from the Swedish AF cohort study106. 

* Adjusted for exposure to aspirin treatment (assuming 22% reduction in thromboembolism with aspirin 

therapy). 

TIA, transient ischaemic attack. 
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Table 2.4 Bleeds per 100 years at risk in relation to modified HAS-BLED scores* 

and antithrombotic therapy in the Swedish Atrial Fibrillation cohort study 

HAS-BLED 

score 

Intracranial bleeding Any major bleeding~ 

OAC 

only 

Aspirin 

only 

No 

therapy 

OAC 

only 

Aspirin 

only 

No 

therapy 

0 - - 0.1 - - 0.5 

1 0.2 0.3 0.5 0.7 1.1 2.1 

2 0.6 0.5 0.8 1.9 2.1 3.6 

3 0.7 0.7 1.4 2.4 3.1 5.5 

4 1.2 1.2 1.1 3.4 4.7 7.8 

5 1.6 1.3 1.2 5.7 7.0 9.0 

6 - 1.8 - 15.5 14.5 357.1 

7 - - - - 22.8 - 

Table modified from the Swedish AF cohort study107. 

For OAC only n=48,599, for aspirin only n=61,396 and for no therapy n=33,486 

* Labile INR and NSAID use were omitted from the score. 

~ Major bleeding included all intracranial and gastrointestinal bleeds and anaemia secondary to bleeding. 

OAC, oral anticoagulant; INR, international normalised ratio; NSAID, non-steroidal anti-inflammatory drug. 

 

2.4.6 Current evidence-based guideline treatment recommendations 

 

In Australia, national AF management guidelines are lacking, although are currently in 

preparation and scheduled for release in August 2018. The following treatment 

recommendations are from the latest 2016 ESC guidelines for the management of AF3. The 

ESC guidelines recommend OAC therapy in high risk men and women with a CHA2DS2-

VASc score ≥	2 and ≥	3 respectively3. This is in keeping with evidence suggesting female 

gender increases the risk of stroke only in the presence of additional risk factors16,30. Oral 

anticoagulation therapy should also be considered in intermediate risk patients (CHA2DS2-

VASc score of 1 in men and 2 in women), in view of a growing body of evidence showing 

benefit with OAC therapy in patients with one additional risk factor for stroke3,108,109. In 

low risk patients (CHA2DS2-VASc score of 0 in men and 1 in women), no antithrombotic 

therapy is recommended3. The latest ESC guidelines also advocate an individualised, 
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patient-centred approach in selecting OAC therapy, with frequent re-assessment of patients’ 

stroke and bleeding risk. Caution should still be exercised in elderly patients and in patients 

with multiple co-morbidities, particularly renal impairment. 

 

2.5 Real-world antithrombotic therapy use and evidence-treatment gaps 

 

Use of OAC therapy for stroke prevention in AF subjects is frequently discordant with 

evidence-based guidelines5. Patterns of OAC use in AF subjects have been extensively 

described in both primary and tertiary healthcare settings, including in a number of large 

multi-country registries such as the GARFIELD-AF (Global Anticoagulant Registry in the 

FIELD – Atrial Fibrillation) and GLORIA-AF (Global Registry on Long-Term Oral Anti-

thrombotic Treatment in Patients with Atrial Fibrillation) registries and regional registries 

such as the ORBIT-AF and PREFER-AF registries in the US and Europe 

respectively6,110,111. Although regional variations exist the over-arching theme is one of 

widespread and systemic under-use of OAC in patients at high risk of stroke5. Over 

prescription of OAC therapy in AF subjects at low risk of stroke has also been described112-

114. In some studies less than half of high risk patients received OAC therapy5. Registries 

enrolling patients exclusively from cardiology practices reported significantly higher OAC 

use, with up to 80% of AF subjects receiving OAC therapy9,115. High attrition rates have 

also been reported with an estimated one-third of patients discontinuing OAC therapy after 

12 months5,116,117. In Australia, data on OAC use in AF management is limited. In a South 

Australian population of hospitalised AF patients, between 1999 and 2012 less than one-

third of high risk patients received OAC therapy on discharge from hospital114.  

 

Certain patient groups are less likely to receive OAC therapy despite a higher stroke risk 

including the elderly, women and patients with renal impairment5. Elderly patients are the 

most disadvantaged group in terms of OAC under-use and are also more likely to receive 

antiplatelet/s as sole antithrombotic therapy5. Women with AF receive sub-optimal care 

compared to men across numerous indices, and are less likely to receive OAC, anti-

arrhythmic therapy, specialist care and cardioversion9,16. Despite available evidence 

supporting OAC use in patients with non-end stage CKD, patients with CKD are less likely 
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to receive OAC therapy and achieve lower TTR101. Although it is unknown whether OAC 

should be used for thromboprophylaxis in ESRF, up to 60% of patients on dialysis receive 

OAC therapy101. 

 

Identifying why AF patients are under-anticoagulated is an essential step to improving the 

number of patients receiving appropriate OAC therapy. Reasons underlying this evidence-

treatment gap have been investigated in a small number of qualitative studies and in AF 

registries by evaluating predictors of OAC therapy in clinical practice. Factors associated 

with absence of OAC therapy in eligible subjects include female gender, older patient age, 

paroxysmal AF, prior major bleeding, malignancy, chronic lung disease history, dementia, 

falls history, renal impairment, liver impairment, concomitant aspirin use and alcohol 

use9,116,118-123. Patients admitted to hospital with AF as a secondary diagnosis and 

paroxysmal AF are also less likely to receive OAC therapy119,124. Major reasons for 

withholding OAC therapy in AF subjects that emerged from this research include patient 

preference, the pragmatic disadvantages of warfarin therapy, patient non-adherence with 

therapy, an over-estimation of bleeding risk by physicians and a lack awareness of 

evidence-based guidelines51,123. The decision to initiate OAC therapy can be complex and 

time limitations also emerged as a potential contributing factor125.  

 

2.5.1 Contemporary time trends in antithrombotic therapy use 

 

Reassuringly, use of OAC therapy for stroke prevention in AF management has improved 

over time. Recently published registry data show increasing OAC use in numerous 

healthcare settings6,110,119,126. Uptake of OAC in women and elderly patients has also 

improved over time to varying degrees in different AF cohorts10,119,127. Uptake of NOACs 

has been proposed as the major driver for increasing OAC use in AF management 6,119,126. 

Non-vitamin K antagonist oral anticoagulants are more frequently prescribed than warfarin 

for incident AF and make up almost three-quarters of all new prescriptions for OAC6,110,119. 

Correspondingly warfarin use has declined in parallel with NOAC uptake6,119. Use of 

antiplatelet/s as sole antithrombotic therapy in AF patients at high risk of stroke has also 

declined over time6,119. Despite increased uptake of OAC in recent times a significant 



 23 

proportion of AF patients remain under-anticoagulated with marked regional variation6,110. 

In particular use of OAC remains low in elderly and frail patients9,110. Non-vitamin K 

antagonist oral anticoagulant users also tend to be younger with fewer co-morbidities, 

suggesting NOACs alone are not enough to drive OAC use to optimal levels126,128. Recent 

time trends in antithrombotic therapy in a contemporary Australian cohort are yet to be 

described, although increasing uptake of NOACs has been described in an administrative 

Veterans’ Affairs claims dataset41.  

 

2.6 Improving implementation of current evidence into clinical practice 

 

Although the evidence-treatment gap in AF management is well established, there has been 

limited research into how implementation of current evidence into clinical practice could be 

improved. One potential solution is the use of clinical decision support tools129,130. Clinical 

decision support tools that are point-of-care, computer-based and combine risk calculators 

with treatment recommendations are more likely to change clinical practice129,130. A clinical 

decision support tool incorporating stroke and bleeding risk scores with treatment 

recommendations in AF management has not been evaluated. 

 

2.6.1 Role of atrial fibrillation registries 

 

Large observational AF cohorts and multi-country registries play a valuable role in 

informing AF management131. Since the 1990s observational studies aided in establishing 

the burden and natural history of AF131. Real-world AF cohorts enable treatment outcomes 

and complications to be evaluated in a more representative population of patients 

encountered in clinical practice131. Observational cohorts also facilitate auditing of current 

clinical care to target areas for improvement and generate hypotheses to guide future 

research131. Although a small number of Australian patients have been included in the 

international GARFIELD-AF registry, large Australian AF cohorts are lacking and are 

needed to guide AF management locally132. 
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2.7 Conclusion 

 

Thromboprophylaxis strategies in AF management have evolved over the last few decades, 

but one treatment principal has remained constant – OAC therapy reduces the risk of stroke 

and improves all-cause mortality in high risk patients. Stroke risk stratification schemes 

such as CHA2DS2-VASc assist physicians to identify patients at higher risk of stroke who 

would benefit from OAC therapy. Despite unavoidable bleeding risk with OAC therapy, the 

net clinical benefit is in favour of OAC therapy in most patients and a high bleeding risk 

score should not be used as a barrier to OAC treatment. However, OAC use in AF 

management is frequently discordant with evidence-based guidelines with under-use in 

high risk patients and over-use in low risk patients. This can result in ischaemic strokes that 

were potentially preventable and expose low risk patients to unnecessary bleeding risk. 

Paradoxically, patients at higher risk of stroke including the elderly, women and patients 

with renal impairment, are also the most disadvantaged in terms of OAC under-use. The 

advent of NOACs in recent times has resulted in improved uptake of OAC therapy in high 

risk patients overseas, yet evidence-treatment gaps remain. Time trends in OAC use in a 

contemporary Australian AF cohort is lacking. Local data is necessary to identify evidence-

treatment gaps and target areas for improvement, in order to reduce the long-term sequelae 

of OAC under-use. Strategies to bridge evidence-treatment gaps in AF management are 

also required. A clinical decision support tool in AF management has the potential to 

improve implementation of current evidence into clinical practice.  
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3 METHODS 

 

3.1 Study design 

 

Retrospective cohort study. 

 

3.2 Study population 

 

3.2.1 Inclusion and exclusion criteria 

 

All adults with a history of non-valvular AF recorded on their hospital discharge summary 

following admission to a tertiary teaching hospital (Sir Charles Gairdner Hospital; SCGH) 

and secondary hospital (Osborne Park Hospital; OPH) in Perth, Western Australia, between 

the 1st of January 2009 and the 31st of March 2016 were eligible for inclusion in the study. 

Patients with valvular AF (history of rheumatic heart disease, mitral valve stenosis and/or 

prosthetic heart valve) and without an electronic discharge summary were excluded. Less 

than 10% of inpatient admissions at Sir Charles Gairdner Hospital do not have a discharge 

summary completed. All patients admitted to SCGH under cardiovascular medicine for a 

same day procedure such as elective cardioversion are required to have an electronic 

discharge summary completed. 

 

3.2.2 Identification of eligible patients 

 

Patients were identified using the electronic software Clinical Governance Management 

System (CGMS) used by junior medical officers to complete hospital discharge summaries 

for inpatient admissions. Patient diagnoses can be entered into CGMS under the following 

headings – primary (reason for admission), secondary (condition that was treated or 

delayed discharge/progress), other (other active problem/s during admission) or past 

medical history. Junior medical officers can enter a diagnosis into CGMS from a pre-
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defined list or free-text. Past medical history diagnoses are also self-populated from 

previous admissions. Clinical Governance Management System has an in-built search 

function that allows all completed discharge summaries stored in the database to be 

searched for key words and phrases. The following search terms were used in CGMS to 

identify eligible patients – AF (fibrillation or flutter), paroxysmal AF, AF – ablation and 

AF – closure of left atrial appendage. Patients were eligible for the study if any of the 

search terms were identified in CGMS under the headings of primary, secondary, other or 

past medical history diagnoses. 

 

3.2.3 Definition of index cases 

 

Patients’ index admissions were used for data analysis, defined as patients’ first hospital 

admission with a diagnosis of AF in CGMS during the study period.  

 

3.3 Data sources 

 

3.3.1 Clinical governance management system 

 

For all eligible patients the following data was extracted from CGMS – hospital admission 

details (including site, specialty and admission dates), demographic information (including 

gender, date of birth, Indigenous status and post code) and all diagnoses (including primary, 

secondary, other and past medical history diagnoses). All hospital admission details and 

demographic information in CGMS are self-populated from an electronic hospital database. 

Patient diagnoses are entered into CGMS by medical staff as previously described. An 

example of an inpatient discharge summary created in CGMS is included in appendix B. 

All medications listed in CGMS for each patient admission were also extracted including 

medication details (compound name, dose, dosing frequency), usage status (newly 

commenced or ceased during admission) and any optional free-text entered by junior 

medical officers describing the rationale behind medication changes (such as the reason for 

ceasing OAC therapy during admission). Discharge medications are entered into CGMS by 
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medical staff from a pre-defined list. An example of a medication list from an inpatient 

discharge summary created in CGMS is included in appendix C. 

 

3.3.2 Clinical coding department at Sir Charles Gairdner Hospital 

 

The following procedure codes (from the International Classification of Diseases version 

10 Australian modified; ICD-10 AM) for the study cohort were extracted from the clinical 

coding department at the tertiary hospital site – ablation procedures (block 601), left atrial 

appendage closure (96219-00 and 96220-00) and cardioversion (13400-00)133.  

 

3.3.3 PathWest Laboratory Medicine Western Australia 

 

All laboratory results recorded during index admissions as part of routine patient care were 

extracted from PathWest including Full Blood Picture, Urea and Electrolytes and Liver 

Function Test results. Results were only extracted if they were recorded during the patients’ 

hospital admission (outpatient results were excluded). All laboratory results were measured 

in the nationally accredited PathWest Laboratory, QEII Medical Centre, Nedlands.  

 

3.4 Coding data 

 

All data extracted from CGMS, clinical coding and PathWest were manually assigned 

codes in Microsoft Excel. Rural postcodes (6200-6799) were used to define rural residence. 

Self-identified Aboriginal and/or Torres Strait Islander background recorded in CGMS was 

used to define Indigenous status. 

 

3.4.1 Patient diagnoses 

 

Diagnoses extracted from CGMS were reviewed and the following relevant co-morbidities 

were coded – heart failure, hypertension, stroke (ischaemic and type not specified), TIA, 
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peripheral arterial embolism, pulmonary embolism, deep vein thrombosis, coronary artery 

disease, peripheral vascular disease, diabetes mellitus, ESRF, liver impairment, intracranial 

haemorrhage, gastrointestinal haemorrhage, other major bleeding, blood dyscrasia, alcohol 

abuse, dementia, falls history, valvular heart disease and peptic ulcer disease. Other major 

bleeding events were defined in keeping with the 2005 International Society on Thrombosis 

and Haemostasis criteria134. All major bleeding events excluding gastrointestinal and 

intracranial haemorrhage were screened and only coded if they resulted in anaemia, blood 

transfusion and/or admission to hospital as documented in CGMS. A complete list of 

diagnoses in CGMS used to define each patient co-morbidity is included in Appendix A. 

 

3.4.2 Medications 

 

Relevant medications were manually assigned codes and included the following – 

anticoagulation therapy (warfarin, apixaban, rivaroxaban, dabigatran, therapeutic clexane), 

antiplatelet therapy (aspirin, clopidogrel, prasugrel, ticagrelor and dipyridamole), anti-

arrhythmic therapy (amiodarone, digoxin and flecainide), beta blockers, calcium channel 

blockers, diuretics, ace inhibitors, angiotensin receptor blockers, non-steroidal anti-

inflammatory drugs (NSAIDs), proton pump inhibitors, histamine receptor blockers and 

anti-diabetic medications (including oral hypoglycaemics and insulin). The total number of 

medications used on discharge from hospital for each patient was calculated in Microsoft 

excel and patients using 5 or more medications were assigned a polypharmacy code. 

Patients receiving combination therapy with anticoagulation and single or dual antiplatelet/s 

and the doses of NOACs were also coded. Any changes to patients’ antithrombotic therapy 

during index admissions documented in CGMS were assigned the following codes – newly 

commenced, ceased or changed (such as from antiplatelet to OAC therapy). In admissions 

where OAC therapy was ceased, any optional free-text entered by junior medical officers 

explaining the rationale for medication changes was extracted and grouped into themes (see 

below). 
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3.4.3 Procedures 

 

Inpatient procedures were manually assigned the following codes – cardioversion, ablation 

and atrial appendage closure. 

 

3.4.4 Laboratory results 

 

Laboratory results were used in conjunction with data from CGMS to define the following 

patient co-morbidities – anaemia, liver impairment and CKD. The worst result (highest 

creatinine, bilirubin, alanine aminotransferase (ALT) and alkaline phosphatase (ALP) and 

lowest haemoglobin) recorded during each admission were used for data analysis, as these 

results were considered most likely to have influenced selection of antithrombotic therapy 

by the treating team on discharge from hospital. Local laboratory (PathWest) cut-offs were 

used to define anaemia (haemoglobin < 115g/L in women and < 135g/L in men). Liver 

impairment was defined in accordance with the HAS-BLED definition (bilirubin 2 times 

the upper limit of normal and/or ALT or ALP 3 times the upper limit of normal using local 

laboratory cut-offs). Patients’ eGFR results were calculated using the Chronic Kidney 

Disease Epidemiology Collaboration (CKD-EPI) equation and patients’ serum creatinine 

results135. Stages of CKD were modified from the Kidney Disease: Improving Global 

Outcomes definition (see table 3.1)136. As patients’ proteinuria/haematuria status was not 

known it was not possible to define CKD stages 1 and 2, and patients with an eGFR>60 

ml/min/1.73m2 were considered to have normal renal function. CKD stages were defined 

using a single eGFR measurement only.  
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Table 3.1 Definition of modified chronic kidney disease stage 

Estimated glomerular filtration rate* Modified chronic kidney disease stage 

eGFR > 60 Normal renal function 

eGFR 45-59 3a 

eGFR 30-44 3b 

eGFR 15-29 4 

eGFR < 15 5 
* eGFR values are in ml/min/1.73m2. 

 

3.4.5 Missing data 

 

There was no missing data for patients’ hospital admission details, gender and date of birth. 

Patients’ postcodes were only missing if the patient was of no fixed address (< 1% of total). 

The completeness of diagnoses and medications in CGMS are discussed below. Laboratory 

results were only unavailable if not tested during patients’ index admissions. 

 

3.5 Definition of stroke and bleeding risk  

 

Patient co-morbidities included in stroke and bleeding risk scores were defined using a 

combination of diagnoses and medications in CGMS and laboratory results from PathWest 

(as described in Appendix A). 

 

3.5.1 Stroke risk scores 

 

Patients CHADS2 and CHA2DS2-VASc stroke risk scores were calculated as shown in 

Tables 3.2 and 3.3. For the CHA2DS2-VASc score, gender independent cut-offs for risk 

categories were used in keeping with recent evidence showing female gender increases the 

risk of stroke only in the presence of additional risk factors3.  
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Table 3.2 Definition of the CHADS2 score 

Co-morbidity Points 

Congestive heart failure 1 

Hypertension 1 

Diabetes mellitus 1 

Stroke and/or TIA* 2 

Age ≥ 75 1 

Total 6 

Patients’ CHADS2 scores were calculated as described in the original article by Gage et al76. 

A score of 0 was considered low risk, 1-2 as moderate risk and ³ 3 as high risk for ischaemic stroke76. 

*All cerebrovascular accidents where the type was not specified as ischaemic or haemorrhagic where 

assumed to be ischaemic strokes. 

TIA, transient ischaemic attack. 

 

Table 3.3 Definition of the CHA2DS2-VASc score 

Co-morbidity Points 

Congestive heart failure 1 

Hypertension 1 

Diabetes mellitus 1 

Vascular disease – coronary artery disease and/or peripheral vascular 

disease* 

1 

Stroke~, TIA and/or peripheral arterial thromboembolism^ 2 

Female sex 1 

Age 65-74 1 

Age ≥ 75 2 

Total 10 
Patients’ CHA2DS2-VASc scores were calculated as described in the original article by Lip et al4. 

In men a score of 0 was considered low risk, a score of 1 was considered intermediate risk and a score of ³ 2 

was considered high risk for ischaemic stroke. In women a score of 1 was considered low risk, a score of 2 

was considered intermediate risk and a score of ³ 3 was considered high risk for ischaemic stroke3.  

*Coronary artery disease was defined as a history of prior myocardial infarction, angina, percutaneous 

coronary intervention and/or coronary artery bypass surgery. Peripheral vascular disease was defined as prior 

surgery or percutaneous intervention of the lower limb arteries and/or abdominal or thoracic aorta, and/or a 
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history of intermittent claudication, lower limb ischaemia or peripheral arterial thrombosis. These definitions 

were in keeping with the definitions described in the appendices of the original article by Lip et al4. 

~All cerebrovascular accidents where type was not specified as ischaemic or haemorrhagic were assumed to 

be ischaemic strokes. 

^Pulmonary embolism and deep vein thrombosis were excluded. 

TIA, transient ischaemic attack. 

 

3.5.2 Bleeding risk scores 

 

Patients’ HAS-BLED scores were calculated as shown in Table 3.4. Similar to other real-

world AF cohorts, a ‘modified’ HAS-BLED score was determined from available bleeding 

risk factors81. Labile INR was omitted from the score as it was not possible to determine 

time in therapeutic range in patients receiving warfarin therapy. Consequently, the 

maximum HAS-BLED score in this study was 8 rather than 9. Hypertension was defined as 

any history of hypertension in CGMS, as it was not possible to determine whether 

hypertension was controlled or uncontrolled (systolic blood pressure >160mmHg). Alcohol 

intake was not available in CGMS and alcohol related diagnoses were used to define 

alcohol abuse. Information on over the counter anti-inflammatory medications was also 

lacking. However, use of other medications that increase bleeding risk including APT and 

regular anti-inflammatory medications was available in CGMS. Two additional bleeding 

risk scores, the ATRIA and ORBIT scores, were also calculated as described in appendix 

A. An ATRIA score of ≥ 5 and ORBIT score of ≥ 4 were considered high risk for major 

bleeding88,89. 
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Table 3.4 Definition of the modified HAS-BLED score 

Co-morbidity Points 

Hypertension – any history  1 

Renal impairment – end stage* 1 

Liver impairment – end stage~ 1 

Stroke history^ 1 

Prior major bleeding (intracranial, gastrointestinal or other major 

bleeding†) and/or bleeding predisposition (anaemia‡ or blood dyscrasia) 

1 

Age > 65 1 

Medications predisposing to bleeding (antiplatelet and/or anti-

inflammatory use) 

1 

Alcohol abuse – any alcohol related diagnoses 1 

Total 8 

Patients’ HAS-BLED scores were calculated as described in the original article by Pisters et al87. 

A score of ³ 3 was considered high risk for bleeding87. 

Uncontrolled hypertension history was changed to any hypertension history as it was not possible to 

determine patients’ blood pressure measurements from CGMS. Labile International Normalised Ratios was 

omitted from the score as it was not possible to determine patients’ time in therapeutic range for warfarin 

users. 

* End stage renal impairment was defined as a history of ESRF in CGMS and/or an eGFR < 

15ml/min/1.73m2. Patients without an eGFR result or history of ESRF in CGMS were assumed to have 

normal renal function. 

~ Liver impairment was defined as a history of end stage liver disease in CGMS and/or bilirubin level 2 times 

the upper limit of normal and/or ALT or ALP level 3 times the upper limit of normal using local laboratory 

(PathWest) cut-offs. Patients without a liver function test result or history of end stage liver disease in CGMS 

were assumed to have normal liver function. 

^ All cerebrovascular accidents where type was not specified as ischaemic or haemorrhagic where assumed to 

be ischaemic strokes. 

† Other major bleeding was defined as a non-traumatic bleeding event leading to anaemia, blood transfusion 

and/or hospital admission. 

‡ Anaemia was defined as a haemoglobin of < 115g/L in women and < 135g/L in men in keeping with local 

laboratory (PathWest) reference intervals. Patients without a full blood picture result were assumed to have 

normal haemoglobin levels. 
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3.6 Definition of antithrombotic therapy use 

 

Discharge antithrombotic therapy in CGMS was used to define anticoagulation and/or 

antiplatelet use in the study cohort (see Table 3.4). 

 

Table 3.5 Definition of antithrombotic therapy use 

Oral anticoagulation therapy 

   Warfarin 

   Non-VKA oral anticoagulants 

      Apixaban 

      Rivaroxaban 

      Dabigatran 

   Therapeutic clexane* 

Antiplatelet therapy 

   Aspirin 

   ADP receptor inhibitors 

      Clopidogrel 

      Ticagrelor 

      Prasugrel 

   Dipyridamole 
* Patients receiving therapeutic clexane were included in the definition of OAC therapy, as the majority of 

patients on treatment dose clexane will transition to an oral anticoagulant in the community, and it was felt 

this patient group was likely to account for a small proportion of patients on anticoagulation therapy overall. 

VKA, vitamin K antagonist; ADP, adenosine diphosphate receptor inhibitor. 

 

3.7 Audit of clinical governance management system 

 

3.7.1 Aims 
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The purpose of the audit was to evaluate the accuracy of CGMS compared to the complete 

medical record in identifying patients with AF, calculating stroke and bleeding risk scores 

and determining discharge antithrombotic therapy. 

 

3.7.2 Methods 

 

Patients with a history of AF and completed discharge summary admitted to the tertiary 

hospital site between February 2014 and February 2015 were eligible for inclusion in the 

audit. A research assistant identified eligible patients during nursing handovers on 

cardiology, general medicine, geriatric rehabilitation and cardiothoracic wards. A total of 

114 patients were included in the audit. Data from patients’ medical records was obtained 

from a combination of emergency department notes, inpatient medical and nursing notes, 

previous discharge summaries, General Practitioner letters and electrocardiograms (ECGs). 

Patient risk scores calculated from review of the complete medical record (considered the 

gold standard) were compared to results using discharge summaries only. Kappa 

agreements between risk scores, and the sensitivity and specificity of patient comorbidities 

included in CGMS were calculated. 

 

3.7.3 Results 

 

All patients with AF listed in their hospital discharge summary had the diagnosis written in 

their medical record. At least one ECG documenting the arrhythmia was present in 93% of 

patients. Only one case of ECG confirmed atrial flutter was incorrectly documented as 

atrial fibrillation in CGMS. Use of CGMS to define valvular AF was also accurate, with 

only one case of valvular AF missed using CGMS alone. The pattern of AF was not well 

documented in either the medical record or CGMS and time frames used by medical staff to 

define paroxysmal compared to persistent AF were inconsistent.  

 

Co-morbidities included in CHA2DS2-VASc 
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Medical comorbidities included in the CHA2DS2-VASc score were well documented in 

CGMS, with sensitivities ranging from 80 to 97% and all specificities approaching 100% 

(see Table 3.6). The lowest sensitivity was for a history of concurrent/previous stroke, TIA 

or systemic thromboembolic event. The majority of thromboembolic events missed were 

TIAs, and only one ischaemic stroke was missed using CGMS. Heart failure was well 

documented if it led to or contributed to the patients’ admission, but less well documented 

if it was unrelated to their current admission. Expanding the definition of diabetes mellitus 

to include use of any diabetic medications resulted in almost perfect agreement between 

CGMS and the medical record. 

 

Table 3.6 Sensitivity, specificity and Kappa agreements for CHA2DS2-VASc co-

morbidities in CGMS compared to complete medical record review 

Comorbidity Sensitivity Specificity Kappa agreement 

Heart failure 80.5% 100% 0.841 

Hypertension 83.3% 100% 0.787 

Diabetes mellitus 97.0% 100% 0.978 

Stroke, TIA / Systemic 

Thromboembolism 

79.2% 100% 0.857 

Vascular disease 84.2% 100% 0.842 

Valvular heart disease* 95.0% 100% 0.969 

*Valvular heart disease – history of prosthetic heart valve, mitral valve stenosis and/or rheumatic heart 

disease. 

TIA, transient ischaemic attack. 

 

Comorbidities included in HAS-BLED 

 

Bleeding risk factors included in the HAS-BLED score occurred less frequently than 

CHA2DS2-VASc risk factors and were less accurately documented in CGMS. Impairment 

in renal and/or liver function was not well documented in CGMS unless it was severe or 

end stage. There was only one patient in the audit with a history of ESRF and this was 

documented in CGMS. Use of CGMS alone missed one haemorrhagic stroke and three 
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gastrointestinal haemorrhages, all of which occurred more than five years prior to patients’ 

index admissions. Anaemia was not well documented, however all blood dyscrasias were 

correctly documented in CGMS. The complete medical record was more sensitive than 

CGMS alone in picking up patients with risky alcohol consumption (defined as eight or 

more standard drinks per day in accordance with the HAS-BLED criteria). However, 

alcohol related diagnoses such as alcohol dependency were included in patients’ discharge 

summaries.  

 

Medications 

 

Medications in CGMS including antithrombotic therapy were documented with a high 

degree of accuracy. There were only two examples of discordance between the medical 

record and discharge summary for all medications reviewed. Use of over the counter 

medications was not well documented in either the medical record or CGMS.  

 

Agreement between CHA2DS2-VASc risk scores 

 

The Kappa agreement between raw CHA2DS2-VASc scores calculated from CGMS 

compared to the complete medical record was 0.70 (95% CI 0.61-0.80), indicating good 

agreement between the two data sources. The Kappa agreement between risk score 

categories (low, intermediate and high risk) was 0.93 (95% CI 0.86-1.00), indicating very 

good agreement between the two data sources. Agreement between CHA2DS2-VASc risk 

score categories is shown in Table 3.6]7. Only 2 patients were incorrectly classified as 

‘low-risk’ by CGMS when they were actually ‘intermediate or high-risk’ based on medical 

record review and another 2 patients were classified as ‘intermediate-risk’ when they were 

‘high-risk’.  
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Table 3.7 Agreement between CHA2DS2-VASc risk score categories calculated 

from CGMS compared to complete medical record review 

 
Complete medical record 

    Low Intermediate High Total 

CGMS 

only 

Low 

Intermediate  

High 

Total 

8 1 1 10 

0 18 2 20 

0 0 84 84 

8 19 87 114 

 

Agreement between HAS-BLED risk scores 

 

The Kappa agreement between raw HAS-BLED scores calculated using CGMS compared 

to the complete medical record was 0.59 (95% CI 0.48-0.70), indicating moderate 

agreement between the two sources. The Kappa agreement between risk score categories 

was 0.63 (95% CI 0.49-0.77), indicating good agreement between the two sources. Table 

3.8 shows the agreement between HAS-BLED risk score categories using the two data 

sources. Use of CGMS alone misclassified 19 patients as ‘low-risk’ of bleeding when they 

were actually ‘high-risk’ on medical record review. 

 

Table 3.8 Agreement between HAS-BLED risk score categories calculated from 

CGMS compared to complete medical record review 

	
Complete medical record 

  
Low risk High risk Total 

CGMS 

only 

Low risk 

High risk 

Total 

67 19 86 

0 28 28 

67 47 114 

 

3.7.4 Conclusion 
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Clinical governance management system accurately identifies patients with non-valvular 

AF, CHA2DS2-VASc risk factors and discharge antithrombotic therapy. Agreement 

between CGMS and the complete medical record for CHA2DS2-VASc risk categories was 

almost perfect. However, CGMS was less sensitive in identifying HAS-BLED risk factors 

and under-estimates patients’ HAS-BLED scores. Inclusion of patients’ laboratory results 

could improve the sensitivity of CGMS in identifying HAS-BLED risk factors, such as 

anaemia and renal or liver impairment. Consequently, patients’ laboratory results were 

extracted and used to calculate patients’ bleeding risk scores in the final analysis. The main 

limitations of this audit include a small sample size and single centre study design, limiting 

application to other patient centres using different discharge summary software.  

 

3.8 Clinical decision support tool 

 

3.8.1 Development 

 

The clinical decision support tool was designed and developed by cardiologists A/Prof 

Brendan McQuillan and W/Prof Joe Hung, in collaboration with application architect Mr 

Jeff Ewen and quality improvement manager Mr Stephen Bloomer. The aim of the tool was 

to guide the user in selecting appropriate antithrombotic therapy for patients with AF on 

discharge from hospital. Clinical governance management system was identified as a 

suitable location for the tool as it is computer-based, point-of-care and commonly used. The 

ability to audit clinical practice is embedded within CGMS software and has previously 

been used to audit acute coronary syndrome management at SCGH137. The tool was 

reviewed by medical staff on the cardiovascular medicine unit at the tertiary hospital site 

and modified based on their feedback prior to implementation. The decision tool was 

introduced at both hospital sites in April 2012.  

 

3.8.2 Description of tool 
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Junior medical officers completing hospital discharge summaries in CGMS click through a 

series of tabs. The clinical decision tool is located in the Best Practice tab and asks the user 

a series of yes/no questions to define each component of the CHADS2, CHA2DS2-VASc 

and HAS-BLED scores. These questions are shown in Table 3.9. Brief definitions are 

available in an information bar adjacent to each question. Demographic information already 

stored in CGMS is self-populated. The calculated risk scores are then provided. Guideline 

recommendations for antithrombotic therapy based on the patients’ score results are then 

provided, as shown in Table 3.10. 

 

Table 3.9 Yes/No Questions included in the clinical decision support tool 

Abnormal liver function 

Abnormal renal function 

Antiplatelet agent/NSAID 

Bleeding 

Congestive heart failure/LV dysfunction 

Diabetes mellitus 

Excessive alcohol consumption 

Hypertension 

Labile INRs 

Prior MI, PAD, aortic plaque 

Stroke/TIA/Thromboembolism 
NSAID, non-steroidal anti-inflammatory drug; LV, left ventricular; INRs, international normalised ratios; MI, 

myocardial infarction; PAD, peripheral arterial disease; TIA, transient ischaemic attack. 
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Table 3.10 Treatment recommendations provided in the clinical decision support 

tool 

Patients with AF/Flutter presumed > 48 hours - Anticoagulate/Antithrombotic 

CHADS2 = 0 or 1 - Refer to CHA2DS2VASc Score. 

CHA2DS2VASc Score = 0 - No action required. 

CHA2DS2VASC score = 1 - Antiplatelet Rx (aspirin 100-150mg/d or clopidogrel 75mg/d or 

coplavix 100/75mg/d) or oral anticoagulation may be considered. 

CHADS2 > 1 Oral anticoagulation recommended. 

CHA2DS2VASC > or = 2 - Oral anticoagulation recommended. 

Anticoagulate for 3 to 4 weeks post electrical or pharmacological cardioversion. 

Post RFA of atrial flutter for 3-4 weeks. 

HAS-BLED > 2: indicates 'High Risk' caution and regular review of patient required if oral 

anticoagulation is commenced. 
RFA, radio frequency ablation. 

 

3.9 Statistical analysis 

 

A p value of < 0.05 was considered statistically significant. Statistical analyses were 

performed using SAS Software (SAS version 9.4, SAS institute, Cary, NC, USA). Data 

management and figures were completed in Microsoft Excel and SPSS. Patients’ index 

admissions were used for data analysis.  

 

3.9.1 Baseline characteristics 

 

Differences in selected characteristics at baseline between two groups were analysed using 

Chi-Squared tests for categorical variables and Independent Sample T tests for quantitative 

variables. Differences in selected characteristics between more than two groups were 

analysed using Chi-Squared tests for categorical variables and Analysis of Variance for 

quantitative variables. Time trends in participants’ mean CHA2DS2-VASc and HAS-BLED 

scores were determined using linear regression analysis with year of admission included in 

the model as a quantitative variable. The number of patients who were re-admitted to 



 42 

hospital during the study period was identified and the mean number of re-admissions for 

each patient and changes in OAC use between patients’ index and second admission to 

hospital during the period were also determined. 

 

3.9.2 Predictors of antithrombotic therapy 

 

The relationship between participants’ risk scores and anticoagulant use at hospital 

discharge was determined using univariate logistic regression, with score results included in 

the model as continuous quantitative variables. Patients with a CHA2DS2-VASc score of 7-

9 and HAS-BLED score of 5-7 were combined into single groups due to small patient 

numbers. Multivariable logistic regression analysis was used to determine predictors of 

anticoagulation use in patients at high risk of stroke based on their CHA2DS2-VASc scores. 

Potential variables were selected based on their likelihood of influencing selection of 

antithrombotic therapy in clinical practice and from other research papers showing 

associations with OAC use116,118,119. Variables were first assessed for crude associations 

using univariate models and then in multivariate models adjusted for age and sex. Variables 

were included in a final multivariable model if they showed significant associations in the 

univariate model and after adjusting for age and gender. Variables were tested for statistical 

significance using the Wald Chi-Squared statistic. In patients at low risk of stroke a small 

number of patient characteristics at baseline were compared in patients receiving OAC 

therapy to those not on OAC, using Chi-Squared tests for categorical variables and 

Independent Sample T-tests for quantitative variables. 

 

3.9.3 Time trends in antithrombotic therapy 

 

Univariate logistic regression analysis with year of admission included in the model was 

used to examine temporal trends in anticoagulation and antiplatelet use in the study cohort. 

The Cochran-Armitage Trend test was used to test for statistical significance in temporal 

trends. Temporal trends were first analysed in the overall cohort, and then by CHA2DS2-

VASc risk group, HAS-BLED risk group, type of AF diagnosis (primary, secondary or 
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other), type of oral anticoagulant (NOAC or VKA therapy), age group, gender and renal 

function (normal renal function or non-end stage CKD). Multivariable logistic regression 

models were also used to compare anticoagulant and antiplatelet use between groups. 

Differences in use between groups were tested for statistical significance using the Wald-

Chi Squared statistic. In patients with ESRF, patients were combined into two groups 

according to year of admission due to small patient numbers (2009-2013 and 2014-2016). 

Differences in antithrombotic therapy use between the two time periods were analysed 

using Chi-Squared tests. 

 

3.9.4 Impact of the clinical decision support tool 

 

Chi-Squared tests were used to compare OAC use in admissions where the tool was used 

with the remaining cohort. Temporal trends in OAC use between the two groups were also 

analysed using univariate logistic regression as described previously.  

 

3.10 Analysis of qualitative data 

 

The optional free-text rationale entered by junior medical officers for cessation of OAC 

therapy was analysed using thematic analysis. Codes were assigned to free text and grouped 

into themes, with the aim of identifying a set of themes that capture the main reasons for 

cessation of anticoagulation138. 

 

3.11 Ethics 

 

This study was approved by the ethics committees at the Department of Health Western 

Australia (201610.04), SCGH (2011-154) and the University of Western Australia 

(RA/4/1/8788). All research was conducted in accordance with the National Health and 

Medical Research Council National Statement on Ethical Conduct in Human Research 

(2007) and Commonwealth Privacy Act (1988).  
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3.11.1 Data management 

 

All data extracted from CGMS, PathWest laboratory and clinical coding is stored on a 

secure server provided by the University of Western Australia. Access to the server is 

password protected and available only to two researchers (A/Prof Brendan McQuillan and 

Dr Rebecca Hutchens), with no external access to the server. Both researchers accessing the 

data completed a Western Australian Department of Health Confidentiality Agreement. 

Research records will be retained electronically on the aforementioned server for seven 

years after project completion and/or the last date of publication related to the project 

(whichever is later), in keeping with the Western Australian University Sector Disposal 

guidelines. After this period computer files will be deleted using University of Western 

Australia approved deletion software.  
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4 RESULTS 

 

In total, 11,294 index cases with a history of non-valvular AF were included in the study. 

Selection of the study cohort is illustrated in Figure 1.1.  

 

Figure 1.1  Selection of the study cohort 

 

 
* Review of CGMS for patients with no medications listed revealed they had passed away 

during their hospital admissions. 

 

4.1 Baseline characteristics 

 

Selected patient characteristics for men and women at baseline are presented in Table 4.1. 

Over the study period, 96.1% of patients were admitted to the tertiary hospital site. The 

most common admitting specialty was general medicine (36.2%), followed by cardiology 

(18.8%) and geriatrics (10.2%). A further 20.6% of patients were admitted under a surgical 

specialty. The mean age of the cohort (Standard deviation; SD) was 77 (12) years and 

Patients with AF included in their 
discharge summary (n=12,604) 

Patients with non-valvular AF (n=11,791) 

Final study total (n=11,294) 

Patients with missing medication data 
excluded (n=497)* 

Patients with a history of rheumatic heart 
disease, mitral valve stenosis and/or 

prosthetic heart valve excluded (n=813) 
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45.8% were female. The mean length of stay (SD) was 8 (10) days. Women were 

significantly older than men, with a mean age (SD) of 80 (10) years, compared to 74 (13) 

years in men (p<0.001). Atrial fibrillation was listed as a primary or secondary diagnosis in 

17.6% and 25.4% of admissions respectively, and as an other or past medical history 

diagnosis in the remaining 57.0% of admissions. 

 

The mean (SD) number of patient comorbidities was 4 (1.8). The most common CHA2DS2-

VASc comorbidity was hypertension (55.9%), followed by vascular disease (40.2%) and 

heart failure (26.0%). Women experienced a significantly higher burden of hypertension 

and ischaemic stroke than men (p<0.001 for both). Comparatively a history of diabetes and 

vascular disease was more common in men compared to women (p<0.001 for both). These 

gender differences as well as the older age of female patients were reflected in patients’ 

stroke risk scores. The mean (SD) CHA2DS2-VASc score in the study cohort was 3.8 (1.8) 

and was significantly higher in women compared to men (4.5 versus 3.2, p<0.001). A 

greater proportion of women were at high risk of stroke than men (90.6% versus 82.8%, 

p<0.001).  

 

Bleeding risk factors included in the HAS-BLED score were common. A large proportion 

of patients were anaemic (continued below), and 10.4% of patients had a past history of 

major bleeding. A number of HAS-BLED comorbidities were more common in men than 

women, including anaemia, alcohol abuse and liver impairment (p<0.001 for all 

comparisons). The mean (SD) HAS-BLED score for the cohort was 2.8 (1.2). Despite the 

older age of female patients, the greater burden of HAS-BLED comorbidities in men 

resulted in similar mean HAS-BLED scores in men and women (p=0.85). The proportion of 

men and women at high risk of bleeding based on their HAS-BLED scores were also 

similar (63.0% for both, p=0.61). A significantly higher proportion of women had a history 

of falls and dementia compared to men (p<0.001 for both). 

 

The overlap in patients’ stroke and bleeding risk score categories is illustrated in Table 4.2. 

The majority of patients (60.8%) were at high risk of both stroke and bleeding based on 

their score results. A comparison of patients’ HAS-BLED scores with two other bleeding 
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risk scores, the ATRIA and ORBIT scores, is presented in table 4.3. The number of patients 

classified as high risk of bleeding was greatest for HAS-BLED, followed by ATRIA. 

 

Table 4.1 Patient characteristics at baseline stratified by gender 

Patient characteristics, n (%) 

unless otherwise specified 

Total Women Men P value 

Number of patients 11294 5175 (45.8) 6119 (54.2)   

Admitting hospital         

   Sir Charles Gairdner Hospital 10856 (96.1) 4937 (95.4) 5919 (96.7)   

   Osborne Park Hospital 438 (3.9) 238 (4.6) 200 (3.3)   

Indigenous Australian 120 (1.1) 46 (0.9) 74 (1.2) 0.10 

Rural postcode 1352 (12.0) 454 (8.8) 898 (14.7) <0.001 

Admitting specialty       <0.001 

   Cardiology 2128 (18.8) 706 (13.6) 1422 (23.2)   

   Non-cardiology medical 

specialty 
6739 (59.7) 3428 (66.2) 3311 (54.1)   

   Other* 2427 (21.5) 1041 (20.1) 1386 (22.6)   

Length of stay, mean (SD), days 7.63 (10.0) 7.42 (9.4) 7.81 (10.4) 0.035 

Age, mean (SD), years 76.90 (12.1) 80.26 (10.6) 74.04 (12.6) <0.001 

Age group, years       <0.001 

   <65 1697 (15.0) 443 (8.6) 1254 (20.5)   

   65-74 2339 (20.7) 834 (16.1) 1505 (24.6)   

   75-84 3943 (34.9) 1846 (35.7) 2097 (34.3)   

   85+ 3315 (29.4) 2052 (39.6) 1263 (20.6)  

CHADS2, mean (SD) 

CHA2DS2-VASc, mean (SD) 

2.1 (1.4) 

3.82 (1.8) 

2.2 (1.3) 

4.54 (1.6) 

1.9 (1.4) 

3.21 (1.7) 

<0.001 

<0.001 

CHA2DS2-VASc, median (IQR) 4 (2) 4 (2) 3 (2)   

CHA2DS2-VASc group       <0.001 

   Low risk 590 (5.2) 177(3.4) 413 (6.8)   

   Intermediate risk 953 (8.4) 312 (6.0) 641 (10.5)   

   High risk 9751 (86.3) 4686 (90.6) 5065 (82.8)   

HAS-BLED, mean (SD) 2.84 (1.2) 2.84 (1.1) 2.84 (1.2) 0.85 

HAS-BLED, median (IQR) 3 (2) 3 (2) 3 (2)   
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HAS-BLED group       0.61 

   Low risk 4179 (37.0) 1928 (37.3) 2251 (36.8)   

   High risk 7115 (63.0) 3247 (62.7) 3868 (63.2)   

Comorbidities         

   Atrial flutter 877 (7.8) 251 (4.8) 626 (10.2) <0.001 

   Heart failure 2931 (26.0) 1373 (26.5) 1558 (25.5) <0.001 

   Hypertension 6312 (55.9) 3151 (60.9) 3161 (51.7) <0.001 

   Diabetes mellitus 2677(23.7) 1089 (21.0) 1588 (26.0) <0.001 

   Stroke/TIA/arterial embolism 2336 (20.7) 1137 (22.0) 1199 (19.6) 0.002 

      Ischaemic stroke 135 (1.2) 74 (1.2) 61 (1.2) 0.88 

      Stroke type not specified 1564 (13.8) 752 (14.5) 812 (13.3) 0.053 

      TIA 702 (6.2) 352 (5.8) 350 (6.8) 0.027 

      Peripheral arterial embolism 124 (1.1) 65 (1.3) 59 (1.0) 0.14 

   Vascular disease 4540 (40.2) 1815 (35.1) 2725 (44.5) <0.001 

      Coronary artery disease 3952 (35.0) 1569 (30.3) 2383 (38.9) <0.001 

      Peripheral vascular disease 1093 (9.7) 392 (7.6) 701 (11.5) <0.001 

      Carotid artery disease 191 (1.7) 57 (1.1) 134 (2.2) <0.001 

   DVT/PE 669 (5.9) 346 (6.7) 323 (5.3) 0.002 

   Major bleeding history 1179 (10.4) 493 (9.5) 686 (11.2) 0.004 

      Haemorrhagic stroke 191 (1.7) 90 (1.7) 101 (1.6) 0.72 

      Subdural haemorrhage 178 (1.6) 56 (1.1) 122 (2.0) <0.001 

      GIT haemorrhage 551 (4.9) 247 (4.8) 304 (5.0) 0.63 

      Other^ 259 (2.3) 100 (1.9) 159 (2.6) 0.010 

   Bleeding risk factors 7214 (63.9) 2798 (54.1) 4416 (72.2) <0.001 

      Blood dyscrasia 225 (2.0) 86 (1.7) 139 (2.3) 0.021 

      Anaemia^ 6863 (60.8) 2577 (49.8) 4386 (70.0) <0.001 

   Alcohol abuse 220 (2.0) 42 (0.8) 178 (2.9) <0.001 

   Liver impairment^ 779 (6.9) 289 (5.6) 490 (8.0) <0.001 

   End stage renal impairment^ 522 (4.6) 221 (4.3) 301 (4.9) 0.10 

   Dementia 890 (7.9) 515 (10.0) 375 (6.1) <0.001 

   Falls history 1520 (13.5) 942 (18.2) 578 (9.4) <0.001 

   Peptic ulcer/gastritis 354 (5.8) 267 (5.2) 354 (5.8) 0.15 

Number of comorbidities, mean 

(SD) 
3.98 (1.8) 4.03 (1.8) 3.94 (1.8) 0.008 
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Definitions of patients’ comorbidities and risk scores are shown in Appendix A.  

* Other refers to non-medical specialities including all surgical specialities, dermatology, emergency 

medicine, nuclear medicine, psychiatry and radiation oncology. 

~ Other bleeding events includes non-traumatic major bleeding leading to anaemia, blood transfusion and/or 

hospital admission. 

^ Indicates diagnoses defined using patients’ laboratory results. Anaemia was defined using laboratory results 

only and local laboratory cut-offs (see below). Liver impairment was defined as a history of end stage liver 

disease in CGMS and/or bilirubin level 2 times the upper limit of normal and/or ALT or ALP level 3 times 

the upper limit of normal using local laboratory cut-offs. End stage renal impairment was defined as a history 

of end stage renal failure in CGMS and/or an estimated glomerular filtration rate < 15ml/min/1.73m2. 

SD, standard deviation; IQR, interquartile range; TIA, transient ischaemic attack; DVT, deep vein thrombosis; 

PE, pulmonary embolus; GIT, gastrointestinal. ALT, alanine aminotransferase; ALP, alkaline phosphatase. 

 

Table 4.2 Overlap in patients’ stroke and bleeding risk score categories  

 
  HAS-BLED 

    Low risk High risk 

CHA2DS2-VASc 

n (%)* 

Low risk 

Intermediate risk 

High risk 

564 (5.0) 

736 (6.5) 

2879 (25.5) 

26 (0.2) 

217 (1.9) 

6872 (60.8) 

*Percentages represent the number in each risk group divided by the total study (n=11,294). 

 

Table 4.3 Comparison of patients’ HAS-BLED, ATRIA and ORBIT bleeding risk 

scores 

 
HAS-BLED ATRIA ORBIT 

Score, mean (SD) 2.8 (1.2) 4.2 (2.4) 2.9 (1.6) 

Risk group, n (%) 
   

   Low 4179 (37.0) 4918 (43.5) 4455 (39.4) 

   Intermediate N/A 1024 (9.1) 2384 (21.1) 

   High 7115 (63.0) 5352 (47.4) 4455 (39.4) 
Definitions of risk scores are shown in Appendix A.  

SD, standard deviation; N/A, not applicable. 
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4.1.1 Patient characteristics according to admitting specialty 

 

Selected patient characteristics at baseline according to admitting specialty are shown in 

Table 4.4. Patients admitted to a cardiology ward were more likely to be male, were 

younger and had lower mean CHA2DS2-VASc and HAS-BLED scores than patients 

admitted under non-cardiology medical specialties (p<0.001 for all comparisons). 

 

Table 4.4 Patient comorbidities according to admitting specialty 

    Female, 

n (%) 

Age, mean 

(SD), years 

CHA2DS2-VASc, 

mean (SD) 

HAS-BLED, 

mean (SD) 

Specialty Cardiology 

Non-cardiology 

medical specialties 

Other* 

33.2 67.9 (12.7) 2.98 (1.9) 2.29 (1.3) 

42.9 80.0 (10.7) 4.20 (1.7) 3.00 (1.1) 

50.9 76.1 (11.2) 3.50 (1.7) 2.86 (1.1) 
A complete list of non-cardiology medical specialties and other admitting specialties is included in Appendix 

A.  

SD, standard deviation. 

 

4.1.2 Laboratory results 

 

Laboratory values in the patient cohort for men and women are shown in Table 4.5. 

Approximately 42.2% of men and 51.4% of women had an eGFR result consistent with 

non-end stage CKD. An eGFR result consistent with ESRF was present in 4.4% of 

admissions. Significantly abnormal liver function tests were less common and present in 

less than 5% of patient admissions. 
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Table 4.5 Laboratory values at baseline stratified by gender 

Laboratory values, n (%) unless 

otherwise specified 

Total 

(n=11294) 

Women 

(n=5175) 

Men 

(n=6119) 

P value 

Haemoglobin (n=10642) (n=4885) (n=5757)   

   Haemoglobin, mean (SD), g/L 113.96 (23.3) 111.3 (20.9) 116.3 (24.9) <0.001 

   Anaemia~ 6863 (64.5) 2577 (52.8) 4286 (74.4) <0.001 

   Severe anaemia 2980 (28.0) 1118 (22.9) 1862 (32.3) <0.001 

Creatinine (n=10713) (n=4907) (n=5806)   

   Creatinine, mean (SD), umol/L 123.7 (107.5) 109.4 (87.9) 135.8 (120.4) <0.001 

   eGFR and CKD stage*       <0.001 

      eGFR ≥ 60 5269 (49.2) 2180 (44.4) 3089 (53.2)   

      eGFR 45-59 (stage 3a) 2090 (19.5) 1046 (21.3) 1044 (18.0)   

      eGFR 30-44 (stage 3b) 1749 (16.3) 903 (18.4) 846 (14.6)   

      eGFR 15-29 (stage 4) 1129 (10.5) 572 (11.7) 557 (9.6)   

      eGFR < 15 (stage 5) 476 (4.4) 206 (4.2) 270 (4.7)   

Liver function tests^         

   Bilirubin (n=7790) (n=3504) (n=4286)   

      Bilirubin, mean (SD), umol/L 16.34 (24.7) 14.23 (24.7) 18.06 (24.6) <0.001 

      Bilirubin > 2 x ULN 387 (5.0) 107 (3.0) 280 (6.5) <0.001 

   Alanine Aminotransferase (n=7638) (n=3415) (n=4223)   

      ALT, mean (SD), U/L 45.59 (193.0) 43.32 (191.0) 47.42 (194.7) 0.37 

      ALT  > 3 x ULN 237 (3.1) 107 (3.1) 130 (3.1) 0.89 

   Alkaline Phosphatase (n=7796) (n=3510) (n=4286)   

      ALP, mean (SD), U/L 114.4 (105.2) 114.0 (98.5) 114.8 (110.3) 0.74 

      ALP > 3 x ULN 219 (2.8) 103 (2.9) 116 (2.7) 0.54 

Laboratory results were unavailable (not tested) in 652 patients (5.8% of total) for haemoglobin, 581 patients 

(5.1%) for creatinine, 3504 patients (31.0%) for bilirubin, 3656 (32.4%) for ALT and 3498 (31.0%) for ALP. 

* CKD stages are modified from the Kidney Disease: Improving Global Outcomes definition of CKD136. As 

patients’ proteinuria/haematuria status was not known it was not possible to define CKD stages 1 and 2. CKD 

stages were defined using a single eGFR measurement only. eGFR values are in ml/min/1.73m2. 

~ Anaemia was defined as a haemoglobin of < 115g/L in women and < 135g/L in men in keeping with local 

laboratory (PathWest) reference intervals. Severe anaemia was defined as < 90 g/L in women and < 100g/L in 

men. 
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^ Cut-offs for liver function tests were defined using local laboratory (PathWest) reference intervals (< 20 

umol/L for bilirubin, < 40 U/L and < 35 U/L for ALT in men and women respectively and < 110 U/L for 

ALP). 

SD, standard deviation; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; ALT, 

alanine aminotransferase; ALP, alkaline phosphatase; ULN, upper limit of normal. 

 

4.1.3 Cardiac procedures 

 

The number of patients who underwent an inpatient cardiac procedure is shown in Table 

4.6. Approximately 7.8% of patients underwent a cardiac procedure during their admission. 

There was no significant difference in the number of cardiac procedures between men and 

women (p=0.36). 

 

Table 4.6 Cardiac procedure history during patients’ index admissions stratified 

by gender 

Cardiac procedure, n (%) Total 

(n=11294) 

Women 

(n=5175) 

Men 

(n=6119) 

P value 

   Cardioversion 609 (5.4) 264 (5.1) 345 (5.6) 0.21 

   Ablation 276 (2.4) 129 (2.5) 147 (2.4) 0.76 

   Atrial appendage closure 12 (0.1) 7 (0.1) 5 (0.1)   

   Total 877 (7.8) 389 (7.5) 488 (8.0) 0.36 

 

4.1.4 Time trends in patients’ stroke and bleeding risk scores 

 

Trends in participants’ mean CHA2DS2-VASc and HAS-BLED scores over time are 

illustrated in figures 4.1 and 4.2. Participants’ mean CHA2DS2-VASc and HAS-BLED 

scores decreased over time (trend p=0.008 for CHA2DS2-VASc and 0.006 for HAS-

BLED). There were no significant trends in the number of women admitted (trend p=0.08) 

or the mean age of admitted patients (trend p=0.51) observed over time. 

 

  



 53 

Figure 4.1 Mean CHA2DS2-VASc score by year of admission in the study cohort 

 
 
 
Figure 4.2 Mean HAS-BLED score by year of admission in the study cohort 
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The number of patients admitted with AF as a primary, secondary or combined past 

medical history and other diagnosis in CGMS by year of admission is presented in figure 

4.3. The number of patients admitted with AF as a secondary diagnosis increased over the 

study period (trend p<0.001). The number of patients admitted with AF as a primary or 

combined past medical history and other diagnosis decreased over the study period (trend 

p<0.001 for both). 

 
Figure 4.3 Type of atrial fibrillation diagnosis by year of admission in the study 

cohort* 

 
Other includes AF listed as a past medical history or other diagnosis in CGMS. 
*Groups are mutually exclusive. 
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therapy 75.7% were on warfarin and 20.2% were on a NOAC. The most commonly 

prescribed NOAC was apixaban (3.6%), followed by rivaroxaban (2.5%) and dabigatran 

(1.4%). Table 4.8 shows the range of doses prescribed for each NOAC on discharge from 

hospital.  

 

Approximately 44.0% of patients were receiving aspirin therapy on discharge from 

hospital. A greater proportion of women received APT as their sole antithrombotic therapy 

than men (41.9% versus 36.9%, p<0.001). However, men were more likely to receive 

combination therapy with anticoagulation and single or dual antiplatelets (p<0.001 for 

both). Use of beta blocker therapy was common and present in 54.7% of admissions. 

Almost half of all patients were receiving gastric protection with either a proton pump 

inhibitor or histamine receptor antagonist.  
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Table 4.7 Medication use on discharge from hospital stratified by gender 

Medication use, n (%) unless 

otherwise specified 

Total 

(n=11294) 

Women 

(n=5175) 

Men 

(n=6119) 

P value 

Total number of medications, mean 

(SD) 

9.13 (4.5) 9.76 (4.5) 8.60 (4.2) <0.001 

Polypharmacy* 9730 (86.2) 4614 (89.2) 5116 (83.6) <0.001 

Anticoagulation~ 4204 (37.2) 1725 (33.3) 2479 (40.5) <0.001 

   Warfarin 3184 (28.2) 1301 (25.1) 1883 (30.8) <0.001 

   NOAC 848 (7.5) 356 (6.9) 492 (8.0) 0.020 

      Apixaban 403 (3.6) 182 (3.5) 221 (3.6)   

      Rivaroxaban 281 (2.5) 111 (2.1) 170 (2.8)   

      Dabigatran 163 (1.4) 63 (1.2) 100 (1.6)   

   Therapeutic clexane 171 (1.5) 67 (1.3) 104 (1.7)   

Antiplatelet~ 4491 (39.8) 2194 (42.4) 2297 (37.5) <0.001 

   Aspirin 4969 (44.0) 2236 (43.2) 2733 (44.7) 0.12 

   ADP receptor inhibitors^ 1,564 (13.8) 662 (12.8) 902 (14.7) 0.003 

   Dipyridamole 83 (0.7) 41 (0.8) 42 (0.7) 0.51 

   Dual antiplatelets 813 (7.2) 315 (6.1) 498 (8.1) <0.001 

   APT as sole antithrombotic therapy 4424 (39.2) 2168 (41.89) 2256 (36.9) <0.001 

Combination therapy         

   Anticoagulant + single antiplatelet 1093 (9.7) 388 (7.5) 705 (11.5) <0.001 

   Anticoagulant + dual antiplatelets 143 (1.3) 34 (0.7) 109 (1.8) <0.001 

No antithrombotic therapy 2666 (23.6) 1282 (24.8) 1384 (22.6) 0.007 

Other†         

   Amiodarone 1072 (9.5) 473 (9.1) 599 (9.8) 0.24 

   Digoxin 2699 (23.9) 1367 (26.4) 1332 (21.8) <0.001 

   Flecainide 147 (1.3) 77 (1.5) 70 (1.1) 0.11 

   Beta blocker 6182 (54.7) 2822 (54.5) 3360 (54.9) 0.69 

   CCB 2118 (18.8) 1072 (20.7) 1046 (17.1)   

   Diuretic 5084 (45.0) 2504 (48.4) 2580 (42.2)   

   ACEI/ARB 5788 (51.2) 2661 (51.4) 3127 (51.1)   

   NSAID 404 (3.6) 179 (3.5) 225 (3.7)   

   Gastric protection 5354 (47.4) 2602 (50.3) 2752 (45.0) <0.001 
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* Polypharmacy was defined as use of ≥ 5 medications on discharge from hospital. 

~ Categories are not mutually exclusive. 

^ ADP receptor inhibitors include clopidogrel, prasugrel and ticagrelor. 

† Gastric protection includes proton pump inhibitors and histamine receptor antagonists. 

SD, standard deviation; NOAC, non-vitamin K oral anticoagulant; ADP, adenosine diphosphate; APT, 

antiplatelet therapy; ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin II receptor blocker; 

CCB, calcium channel blocker; NSAID, non-steroidal anti-inflammatory drug. 

 

Table 4.8 Doses prescribed for non-vitamin K antagonist oral anticoagulants on 

discharge from hospital 

NOAC Dose Count, n (%) 

Rivaroxaban (n=281) 20mg once daily 172 (61.2) 

15mg once daily 91 (32.4) 

10mg once daily* 10 (3.6) 

15mg twice daily~ 8 (2.8) 

Apixaban (n=403) 5mg twice daily 270 (67.0) 

2.5mg twice daily 133 (33.0) 

Dabigatran (n=163) 110mg twice daily 82 (50.3) 

150mg twice daily 69 (42.3) 

110mg once daily^ 2 (1.2) 

150mg once daily^ 3 (1.8) 

220mg once daily^ 7 (4.3) 
* Dose of rivaroxaban recommended for venous thromboembolism prophylaxis post hip/knee replacement139. 

~ Dose of rivaroxaban recommended for the treatment of acute venous thromboembolism139. 

^ Dose of dabigatran recommended for venous thromboembolism prophylaxis post hip/knee replacement139.  

NOAC, non-vitamin K oral anticoagulant 

 

4.2.1 Antithrombotic therapy use by patients’ CHA2DS2-VASc risk group 

 

Figure 4.4 shows OAC and APT use in the study cohort according to patients’ CHA2DS2-

VASc risk group and year of admission. In the latter study period (2012-2016), only 39.4% 

of high risk patients were receiving OAC therapy, and 38.1% were receiving antiplatelet/s 
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as sole antithrombotic therapy. Over the same time period 37.9% of low risk patients were 

receiving OAC therapy. 

 

Figure 4.4 Antithrombotic use according to patients’ CHA2DS2-VASc risk group 

and year of admission (2009-2011 and 2012-2016)* 

 
* Groups are mutually exclusive. 
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risk. Single antiplatelet therapy was changed to OAC therapy in 138 admissions (1.2% of 

total). 

 

Figure 4.5 Reasons stated for cessation of oral anticoagulation therapy 

 
Numbers in pie chart represent count. 

INR, international normalised ratio; GP, general practitioner. 
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4.3.1 Risk scores as predictors 

 

Oral anticoagulant use in the patient cohort decreased as patients’ CHA2DS2-VASc scores 

increased. Patients with a CHA2DS2-VASc score of 8 and 9 were combined due to 

inadequate group sizes. For every 1 point increase in patients’ CHA2DS2-VASc scores, 

OAC use decreased by 2.2% (OR 0.98, 95% CI 0.96-1.0, p=0.040). Oral anticoagulant use 

also decreased as patients’ HAS-BLED scores increased, but to a greater extent. Patients 

with a HAS-BLED score of 5 to 7 were combined due to inadequate group sizes. For every 

1 point increase in patients’ HAS-BLED scores, OAC use decreased by 32.7% (OR 0.67, 

95% CI 0.65-0.70, p<0.001). 

 

4.3.2 Factors associated with oral anticoagulant use in high risk patients 

 

Factors associated with likelihood of OAC use in men and women at high risk of stroke 

(CHA2DS2-VASc ≥ 2 in men and 3 in women) are displayed in table 4.9. Odds ratios 

adjusted for age and gender and the final multivariable model are also described. After 

adjusting for age, men were 1.3 times more likely to receive OAC than women (p<0.001). 

Elderly patients aged ≥	85 years old were less likely to receive OAC therapy than patients 

aged < 65 years old (p<0.001). There was no significant difference in OAC use between 

Indigenous and non-Indigenous patients (p=0.13) or between rural and urban patients after 

adjusting for age and sex (p=0.52). In the final multivariable model variables associated 

with increased likelihood of OAC use and their adjusted ORs (in order of magnitude) 

included polypharmacy use (OR 2.6), prior ischaemic stroke (OR 2.0), being admitted to a 

cardiology ward (OR 1.9 for both non-cardiology medical specialties and other specialties), 

primary AF (OR 1.5 compared to secondary AF), heart failure (OR 1.3), male gender (OR 

1.3) and vascular disease (OR 1.2). Variables associated with absence of OAC use in the 

final model and their adjusted ORs (in order of magnitude) included concomitant 

antiplatelet or anti-inflammatory therapy (OR 6.0), dementia (OR 3.1), prior major bleeding 

(OR 3.0), alcohol abuse (OR 2.4), ESRF (OR 1.9), falls history (OR 1.6), bleeding risk (OR 

1.5) and liver impairment (1.3).
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Table 4.9 Factors associated with oral anticoagulant use in high risk patients (CHA2DS2-VASc ≥ 2 in men and 3 in 

women) 

Subgroup Category OAC use, n 

(%) 

Unadjusted Adjusted for age and 

gender 

Adjusted for final 

multivariable model 

OR, (95% CI) P value OR, (95% CI) P value OR, (95% CI) P value 

Gender Men (ref.) 2023 (39.9) 1 <0.001 1 0.009 1 <0.001 

Women 1558 (33.2) 0.75 (0.69-0.81) 0.89 (0.82-0.97) 0.74 (0.67-0.82) 

Age group, y <65 (ref.) 

65-74 

75-84 

85+ 

314 (49.6) 

868 (46.7) 

1591 (40.4) 

808 (24.4) 

1 

0.89 (0.74-1.1) 

0.69 (0.58-0.81) 

0.33 (0.28-0.39) 

<0.001 1 

0.90 (0.75-1.08) 

0.71 (0.60-0.84) 

0.34 (0.29-0.41) 

<0.001 1 

0.96 (0.78-1.18) 

0.78 (0.64-0.95) 

0.44 (0.36-0.54) 

<0.001 

Ethnicity Indigenous (ref.) 42 (35.0) 1 0.57 1 0.13 N/A N/A 

Non-Indigenous 4162 (37.2) 1.12 (0.75-1.68) 0.72 (0.48-1.10) 

Rural postcode No (ref.) 3127 (36.1) 1 <0.001 1 0.52 N/A N/A 

Yes 454 (42.1) 1.29 (1.13-1.46) 1.04 (0.92-1.19) 

Admitting specialty Cardiology (ref.) 804 (53.8) 1 <0.001 1 <0.001 1 <0.001 

Non-cardiology 

medical specialty 

2097 (33.8) 0.44 (0.39-0.49) 0.58 (0.52-0.66) 0.52 (0.45-0.60) 

Other* 680 (33.2) 0.43 (0.37-0.49) 0.50 (0.44-0.58) 0.52 (0.45-0.60) 

Heart failure No (ref.) 2459 (35.5) 1 <0.001 1 <0.001 1 <0.001 

Yes 1122 (39.8) 1.20 (1.10-1.32) 1.29 (1.18-1.41) 1.32 (1.19-1.47) 
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Hypertension No (ref.) 1296 (35.6) 1 0.088 1 0.28 N/A N/A 

Yes 2285 (37.4) 1.08 (0.99-1.17) 1.05 (0.96-1.15) 

Diabetes No (ref.) 2551 (35.8) 1 0.002 1 0.52 N/A N/A 

Yes 1030 (39.3) 1.16 (1.06-1.27) 0.97 (0.88-1.07) 

Stroke/TIA/arterial 

embolism 

No (ref.) 2532 (34.2) 1 <0.001 1 <0.001 1 <0.001 

Yes 1049 (44.9) 1.20 (1.10-1.32) 1.60 (1.45-1.76) 2.0 (1.79-2.23) 

Vascular disease No (ref.) 2014 (37.9) 1 0.011 1 <0.001 1 <0.001 

Yes 1567 (35.4) 0.90 (0.83-0.98) 0.86 (0.79-0.93) 1.21 (1.09-1.34) 

End stage renal 

impairment~ 

No (ref.) 3472 (37.4) 1 <0.001 1 <0.001 1 <0.001 

Yes 109 (23.3) 0.51 (0.41-0.63) 0.47 (0.38-0.59) 0.52 (0.40-0.66) 

Liver impairment~ No (ref.) 3363 (36.9) 1 0.18 1 0.012 1 0.010 

Yes 218 (34.3) 0.89 (0.75-1.06) 0.80 (0.67-0.95) 0.78 (0.64-0.94) 

Prior major 

bleeding~ 

No (ref.) 3351 (38.6) 1 <0.001 1 <0.001 1 <0.001 

Yes 230 (21.3) 0.60 (0.55-0.65) 0.42 (0.36-0.49) 0.34 (0.28-0.40) 

Bleeding 

predisposition~ 

No (ref.) 1520 (43.8) 1 <0.001 1 <0.001 1 <0.001 

Yes 2061 (32.8) 0.63 (0.58-0.68) 0.60 (0.54-0.65) 0.68 (0.61-0.75) 

Antiplatelet/anti-

inflammatory use 

No (ref.) 2387 (52.9) 1 <0.001 1 <0.001 1 <0.001 

Yes 1194 (22.8) 0.26 (0.24-0.29) 0.25 (0.23-0.27) 0.17 (0.15-0.18) 

Alcohol abuse No (ref.) 3539 (36.9) 1 0.015 1 <0.001 1 <0.001 

Yes 42 (27.3) 0.64 (0.45-0.92) 0.46 (0.32-0.66) 0.42 (0.28-0.64) 
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Dementia No (ref.) 3461 (39.0) 1 <0.001 1 <0.001 1 <0.001 

Yes 120 (13.6) 0.25 (0.20-0.30) 0.28 (0.23-0.34) 0.32 (0.26-0.40) 

Falls history No (ref.) 3260 (39.3) 1 <0.001 1 <0.001 1 <0.001 

Yes 321 (21.9) 0.43 (0.38-0.49) 0.56 (0.48-0.64) 0.62 (0.54-0.73) 

Polypharmacy^ No (ref.) 

Yes 

308 (31.6) 

3273 (37.3) 

1 

1.28 (1.48-1.11) 

0.001 1 

1.38 (1.19-1.59) 

<0.001 1 

2.56 (2.17-3.03) 

<0.001 

Type of AF 

diagnosis 

Primary (ref.) 761 (46.9) 1 <0.001 1 <0.001 1 <0.001 

Secondary 827 (33.3) 0.57 (0.50-0.65)  0.58 (0.50-0.66)  0.66 (0.56-0.78)  

Other† 2083 (35.7) 0.63 (0.56-0.71)  0.72 (0.64-0.81)  0.78 (0.68-0.91)  

Definitions of patients’ comorbidities and risk scores are shown in Appendix A. 

Variables were included in the final model if they showed a significant association in the univariate model and after adjusting for age and gender. 

Ref. indicates reference category. 

* Other refers to non-medical specialities including surgical specialities, dermatology, emergency medicine, nuclear medicine, psychiatry and radiation oncology. 

~ Indicates diagnoses defined according to HAS-BLED criteria. End stage renal impairment was defined as a history of ESRF in CGMS and/or an eGFR < 

15ml/min/1.73m2. Liver impairment was defined as a history of end stage liver disease in CGMS and/or bilirubin level 2 times the upper limit of normal and/or 

ALT or ALP level 3 times the upper limit of normal using local laboratory cut-offs. Prior major bleeding included intracranial, gastrointestinal and/or other non-

traumatic bleeding event leading to anaemia, blood transfusion and/or hospital admission. Bleeding predisposition included a history of anaemia and/or blood 

dyscrasia. 

^ Polypharmacy was defined as use of ≥5 medications on discharge from hospital. 

† Other includes patients admitted with AF listed as a past medical history or other diagnosis in CGMS. 

OR, odds ratio; CI, confidence interval; TIA, transient ischaemic attack; N/A, not applicable; AF, atrial fibrillation; ESRF, end stage renal failure; eGFR, 

estimated glomerular filtration rate; ALT, alanine aminotransferase; ALP, alkaline phosphatase.
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4.3.3 Factors associated with oral anticoagulant use in low risk patients 

 

In low risk patients (CHA2DS2-VASc of 0 in men and 1 in women) receiving OAC therapy, 

alternative indications for OAC therapy could be identified in 8.3% (48 patients), including 

a history of venous thromboembolism and/or inpatient cardioversion. Low risk patients 

receiving OAC therapy were more likely to be male (p<0.001), admitted to a cardiology 

ward (p<0.001) and undergo inpatient cardioversion (p=0.009) (see Table 4.10). 

 

Table 4.10 Factors associated with oral anticoagulant use in low risk patients 

(CHA2DS2-VASc of 0 in men and 1 in women) 

Patient characteristics, n (%) unless 

otherwise specified 

OAC users Non-OAC 

users 

P value 

Age, mean (SD), years 52.3 (10.60) 53.2 (10.71) 0.32 

Male gender 187 (78.2) 226 (64.4) <0.001 

Cardiology admitting specialty 177 (74.0) 124 (35.3) <0.001 

Inpatient cardioversion 21 (8.8) 13 (3.7) 0.009 

DVT/PE history 9 (1.53) 5 (0.85)  

SD, standard deviation; DVT, deep vein thrombosis; PE, pulmonary embolus. 

 

4.4 Time trends in antithrombotic therapy use 

 

Time trends in OAC and APT use in the entire study cohort are depicted in figure 4.6.  

Time points when major international AF management guidelines were published, the local 

clinical decision tool was introduced and when NOACS were PBS listed are indicated on 

the figure. Overall there was a trend of increasing OAC use and decreasing APT use during 

the study period (trend p<0.001 for both). The number of patients who were newly 

commenced on OAC therapy during their hospital admissions also increased over time (OR 

1.15, 95% CI 1.12-1.18, p<0.001).  
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Figure 4.6 Time trends in oral anticoagulant and antiplatelet use in the entire 

cohort*  

 
* Groups are not mutually exclusive. 

Error bars represent the 95% confidence interval for each proportion. 

ESC, European Society of Cardiology; PBS, pharmaceutical benefits scheme. 

 

4.4.1 Time trends by CHA2DS2-VASc risk group 

 

High risk group (CHA2DS2-VASc score of ≥ 2 in men and ≥ 3 in women) 

 

Time trends in OAC and sole APT use in patients at high risk of stroke are shown in figure 

4.7. In high risk patients over the study period use of OAC therapy increased by 9.4% per 

year (OR 1.09, 95% CI 1.07-1.12, trend p<0.001) and sole APT decreased by 9.2% per year 

(OR 0.91, 95% CI 0.89-0.92, trend p<0.001). The proportion of high risk patients receiving 

no antithrombotic treatment stayed the same over the period (trend p=0.25). High risk 

patients were more likely to receive sole antiplatelet therapy up until 2014, where use of 

OAC therapy exceeded use of sole APT. In 2015/2016 the proportion of high risk patients 

receiving OAC therapy increased to almost half (45.3%), and sole APT use decreased to 

just under a third (31.0%).  
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Figure 4.7 Time trends in oral anticoagulant and sole antiplatelet use in patients at 

high risk of stroke (CHA2DS2-VASc score ≥ 2 in men and ≥ 3 in women)* 

 
* Groups are mutually exclusive. 
Error bars represent the 95% confidence interval for each proportion. 

 

Intermediate risk group (CHA2DS2-VASc score of 1 in men and 2 in women) 

 

Time trends in OAC and sole APT use in patients at intermediate risk of stroke are 

displayed in figure 4.8. In the intermediate risk group years 2015 and 2016 were combined 

due to inadequate group sizes. There were no significant time trends observed in the 

number of intermediate risk patients receiving OAC therapy over the period (trend p=0.77). 

The number of patients receiving no antithrombotic increased over time, but this was not 

statistically significant (OR 1.07, 95% CI 1.0-1.14, trend p=0.06). Use of sole APT in the 

intermediate risk group decreased by 7.1% per year (OR 0.93, 95% CI 0.87-0.99, trend 

p=0.029). In 2015/2016, 44.6% and 22.6% of intermediate risk patients were receiving 

OAC and sole APT therapy respectively.  
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Figure 4.8 Time trends in oral anticoagulant and sole antiplatelet use in patients at 

intermediate risk of stroke (CHA2DS2-VASc score of 1 in men and 2 in women)* 

 
* Groups are mutually exclusive. 

 

Low risk group (CHA2DS2-VASc score of 0 in men and 1 in women) 

 

Time trends in OAC and sole APT use in patients at low risk of stroke are displayed in 

figure 4.9. In the low risk group, years 2015 and 2016 were combined due to inadequate 

group sizes. There was no significant trend in OAC use in low risk patients over the period 

(p=0.10). Sole antiplatelet use decreased by 26.6% per year from 2012 onwards (OR 0.73, 

95% CI 0.59-0.91, p=0.006). The number of low risk patients receiving no antithrombotic 

therapy increased over the period (OR 1.14, 95% CI 1.05-1.24, p=0.002). In 2015/2016, 

34.6% and 19.6% of low risk patients were receiving OAC and sole APT respectively. 
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Figure 4.9 Time trends in oral anticoagulant and sole antiplatelet use in patients at 

low risk of stroke (CHA2DS2-VASc score of 0 in men and 1 in women)* 

 
* Groups are mutually exclusive. 

 

4.4.2 Time trends by HAS-BLED risk group 

 

Patients at low risk of bleeding (HAS-BLED score of < 3) were more likely to receive 

OAC therapy than high risk patients (HAS-BLED score of ≥ 3) over the entire study 

period. In 2009 low risk bleeding patients were 2.6 times more likely to receive OAC 

therapy than high risk patients (OR 2.63, 95% CI 2.11-3.29, p<0.0001). This ratio 

decreased to 1.9 in 2015 (OR 1.91, 95% CI 1.57-2.33, p<0.0001), due to a greater increase 

in OAC use in patients at high risk of bleeding over time. Use of sole antithrombotic 

therapy according to patients’ HAS-BLED risk group is summarised in Table 4.11.  

 

Time trends in OAC and sole APT use in patients at low and high risk of bleeding 

according to their HAS-BLED scores are shown in figure 4.10 and 4.11 respectively. In 

low risk bleeding patients there was a trend towards increasing OAC use and a significant 
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OR 0.93, 95% CI 0.87-0.99, trend p=0.018 for sole APT). Patients at high risk of bleeding 

were more likely to receive sole APT than OAC over the entire period (p<0.001). This 

difference narrowed over time due to increasing OAC use and decreasing sole APT use in 

high risk bleeding patients (OR 1.10, 95% CI 1.07-1.14, trend p<0.001 for OAC and OR 

0.88, 95% CI 0.85-0.91, trend p<0.001 for sole APT). The number of low and high risk 

bleeding patients receiving no antithrombotic therapy stayed the same over the study period 

(trend p=0.74 for low risk and p=0.12 for high risk). 

 

Table 4.11 Type of sole antithrombotic therapy according to patients’ HAS-BLED 

risk group* 

    Sole antiplatelet/s, n (%) Anticoagulant, n (%) 

HAS-BLED 

group 

High risk (n=7115) 

Low risk (n=4179) 

3658 (51.4) 

766 (18.3) 

2175 (30.6) 

2029 (48.6) 

Patients with a HAS-BLED score of ≥ 3 were considered high risk for major bleeding. 
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Figure 4.10 Time trends in oral anticoagulant and sole antiplatelet use in patients at 

low risk of bleeding (HAS-BLED score of < 3)* 

 
* Groups are mutually exclusive. 

Error bars represent the 95% confidence interval for each proportion. 
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Figure 4.11 Time trends in oral anticoagulant and sole antiplatelet use in patients at 

high risk of bleeding (HAS-BLED score ≥ 3)* 

 
* Groups are mutually exclusive. 

Error bars represent the 95% confidence interval for each proportion. 

 

4.4.3 Time trends in oral anticoagulant use by type of atrial fibrillation diagnosis 
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therapy than patients admitted with AF as a secondary or combined past medical history 

and other diagnosis over the entire study period (<0.0001). In 2015/2016, approximately 

69.7%, 36.5% and 44.5% of patients admitted with AF as a primary, secondary or 

combined past medical history and other diagnosis respectively were receiving OAC 

therapy on discharge from hospital. 
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Figure 4.12 Time trends in oral anticoagulant use by type of atrial fibrillation 

diagnosis and year of admission* 

 
* Other diagnosis includes AF listed as a past medical history or other diagnosis in CGMS. 
 

4.4.4 Time trends in type of oral anticoagulant 

 

Selected patient characteristics of NOAC and VKA users are shown in table 4.12. 
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CHA2DS2-VASc and HAS-BLED scores (<0.001 for all comparisons). There was no 

significant difference in the number of women receiving NOAC compared to VKA therapy 

(p=0.97). NOAC users were less likely to receive concomitant antiplatelet therapy than 

VKA users (p<0.001). 
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figure 4.13. Between 2012 and 2016 NOAC use increased by almost 200% per year (OR 
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50.8% of all patients receiving discharge oral anticoagulation were receiving NOAC 

therapy. Similar time trends were observed when patients at high risk of stroke only were 

examined.  
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Table 4.12 Selected patient characteristics of non-vitamin K antagonist and 

vitamin K antagonist oral anticoagulant users 

Patient characteristics, n (%) unless 

otherwise specified 

NOAC users 

(n=848) 

VKA users 

(n=2226) 

P value 

Female 356 (42.0) 933 (41.9) 0.97 

Age, mean (SD), years 72.25 (12.4) 76.16 (11.2) <0.001 

Age groups, years     <0.001 

   < 65 194 (22.9) 324 (14.6)   

   65-74 233 (27.5) 502 (22.6)   

   75-84 302 (35.6) 887 (39.8)   

   85+ 119 (14.0) 513 (23.0)  

Admitting specialty*   <0.001 

   Cardiology 385 (45.4) 436 (19.6)  

   Non-cardiology medical specialty 330 (38.9) 1363 (61.2)  

   Other 133 (15.7) 427 (19.2)  

CHA2DS2-VASc, mean (SD) 3.32 (1.9) 4.02 (1.8) <0.001 

CHA2DS2-VASc groups,     <0.001 

   Low risk 78 (9.2) 81 (3.6)   

   Intermediate risk 121 (14.3) 139 (6.2)   

   High risk 649 (76.5) 2006 (90.1)   

HAS-BLED, mean (SD) 2.15 (1.2) 2.67 (1.1) <0.001 

HAS-BLED groups     <0.001 

   Low risk 519 (61.2) 961 (43.2)   

   High risk 329 (38.8) 1265 (56.8)   

Comorbidities       

   Heart failure 195 (23.0) 681 (30.6) <0.001 

   Hypertension 446 (52.6) 1312 (58.9) 0.001 

   Diabetes mellitus 184 (21.7) 595 (26.7) 0.004 

   Vascular disease 243 (28.7) 905 (40.7) <0.001 

   Stroke/TIA/Arterial embolism 158 (18.6) 610 (27.4) <0.001 

   DVT/PE 55 (6.5) 193 (8.7) 0.047 

   Major bleeding history~ 27 (3.2) 167 (7.5) <0.001 

      Haemorrhagic stroke 3 (0.4) 14 (0.6)   
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      GIT haemorrhage 12 (1.4) 77 (3.5) 0.003 

   Bleeding predisposition~ 367 (43.3) 1310 (58.8) <0.001 

   End stage renal impairment~ 7 (0.8)   83 (3.7) <0.001 

   Liver impairment~ 41 (4.8) 139 (6.2) 0.14 

   Dementia 21 (2.5) 77 (3.5) 0.17 

   Falls history 56 (6.6) 201 (9.0) 0.030 

   Peptic ulcer/gastritis 25 (3.0) 112 (5.0) 0.012 

Number of comorbidities, mean (SD) 3.37 (1.7) 4.00 (1.7) <0.001 

Medication use       

   Total number of medications,  mean 

(SD) 
8.50 (4.5) 9.67 (4.4) <0.001 

   Antiplatelet/s use (any) 186 (21.9) 675 (30.3) <0.001 

   Gastric protection^ 353 (41.6) 968 (43.5) 0.35 

Definitions of patients’ comorbidities and risk scores are shown in Appendix A. 

* Other refers to non-medical specialities including surgical specialities, dermatology, emergency medicine, 

nuclear medicine, psychiatry and radiation oncology. 

~ Indicates diagnoses defined according to HAS-BLED criteria. End stage renal impairment was defined as a 

history of ESRF in CGMS and/or an eGFR < 15ml/min/1.73m2. Liver impairment was defined as a history of 

end stage liver disease in CGMS and/or bilirubin level 2 times the upper limit of normal and/or ALT or ALP 

level 3 times the upper limit of normal using local laboratory cut-offs. Prior major bleeding included 

intracranial, gastrointestinal and/or other non-traumatic bleeding event leading to anaemia, blood transfusion 

and/or hospital admission. Bleeding predisposition included a history of anaemia and/or blood dyscrasia. 

^ Gastric protection includes proton pump inhibitors and histamine receptor antagonists. 

SD, standard deviation; TIA, transient ischaemic attack; DVT, deep vein thrombosis; PE, pulmonary 

embolus; GIT, gastrointestinal; ESRF, end stage renal failure; eGFR, estimated glomerular filtration; ALT, 

alanine aminotransferase; ALP, alkaline phosphatase. 
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Figure 4.13 Proportion of patients receiving vitamin K antagonist and non-vitamin 

K antagonist oral anticoagulant therapy by year of admission in the entire cohort 

 
 

4.5 Time trends in antithrombotic therapy use by age group, gender and 

renal function 

 

4.5.1 Age group 

 

Baseline characteristics stratified by age group 

 

Selected patient characteristics according to patient age group are displayed in table 4.13. 

Elderly patients aged ≥ 85 years old had higher mean CHA2DS2-VASc and HAS-BLED 

scores, more comorbidities and used more medications than younger patients < 65 years 

old. Antithrombotic therapy use according to patient age group is displayed in table 4.14. 

For a 10-year increase in age OAC use decreased by 22.8% (OR 0.77, 95% CI 0.75-0.80, 

p<0.001) and APT use increased by 23.9% (OR 1.24, 95% CI 1.20-1.28, p<0.001).  
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Table 4.13 Selected patient characteristics according to patient age group 

 
  CHA2DS2-VASc 

score, mean 

(SD) 

HAS-BLED 

score, mean 

(SD) 

Number of co-

morbidities, 

mean (SD) 

Number of 

medications, 

mean (SD) 

Age 

group, 

years 

< 65 (n=1697) 1.56 (1.3) 1.65 (1.2) 2.99 (1.7) 7.22 (4.3) 

65-74 (n=2339) 3.13 (1.4) 2.90 (1.1) 3.74 (1.7) 8.88 (4.5) 

75-84 (n=3943) 4.50 (1.5) 3.08 (1.0) 4.15 (1.7) 9.53 (4.3) 

85+ (n=3315) 4.66 (1.4) 3.12 (0.96) 4.46 (1.7) 9.82 (4.2) 

SD, standard deviation. 

 

Table 4.14 Antithrombotic therapy use by patient age group 

Age group, years, n (%) Anticoagulant use Sole antiplatelet use 

< 65 (n=1697) 761 (44.8) 535 (31.5) 

65-74 (n=2339) 1044 (44.6) 798 (34.1) 

75-84 (n=3943) 1591 (40.4) 1474 (37.4) 

85+ (n=3315) 808 (24.4) 1617 (48.8) 

 

Time trends in oral anticoagulant use by age group  

 

Time trends in OAC use by patient age group are summarised in figure 4.14. Anticoagulant 

use in patients aged ³ 85 years increased by 16.1% each year over the study period (OR 

1.16, 95% CI 1.12-1.21, trend p<0.0001). In patients aged 74-85 years old, OAC use 

increased by 12.1% each year (OR 1.12, 95% CI 1.09-1.16, trend p<0.0001). There was no 

significant trend observed in OAC use in younger patients over the same time period (trend 

p=0.46 for patients aged < 65 years and p=0.44 for patients aged 65-74 years). In 2009 

patients aged < 65 years old were 5.0 times more likely to receive OAC therapy than 

patients ≥ 85 years old (OR 5.04, 95% CI 3.50-7.26). This ratio decreased to 1.5 in 

2015/2016 (OR 1.47, 95% CI 1.11-1.94). In 2015/2016, 34.5% of patients aged ≥ 85 years 

old were receiving OAC therapy. In patients aged 75-84 years old, OAC use exceeded 

younger patients from 2014 onwards, and in 2015/2016 this age group was 1.3 times more 
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likely to receive OAC than younger patents < 65 years old (OR 1.32, 95% CI 1.01-1.72). In 

2015/2016, 50.4% of patients aged 75-84 years old were receiving OAC therapy. 

 

Figure 4.14 Time trends in oral anticoagulant use stratified by age group 

 
 

Time trends in sole antiplatelet/s use by patient age group 

 

Time trends in use of sole APT by patient age group are summarised in figure 4.15. Use of 

sole APT decreased by approximately 11% each year in both older age groups (OR 0.89, 

95% CI 0.86-0.92, trend p<0.001 for patients ³ 85 years old and OR 0.89, 95% CI 0.87-

0.92, trend p<0.001 for patients 75-84 years old). In patients aged 65-74 years, sole APT 

use also decreased each year but to a lesser extent (OR 0.94, 95% CI 0.90-0.98, trend 

p<0.002). In younger patients < 65 years old, calendar years 2015 and 2016 were combined 

due to inadequate numbers. In this age group there was no significant trend observed in sole 

APT use over the study period (trend p=0.15). Older patients ³ 85 years were more likely 

to receive APT as sole antithrombotic therapy than younger patients < 65 years old over the 

entire study period. In 2015/2016, 36.9% of patients aged ³ 85 years were receiving APT as 

sole antithrombotic therapy. 
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Figure 4.15 Time trends in antiplatelet use as sole antithrombotic therapy stratified 

by age group 

 
 

4.5.2 Gender 

 

Selected patient characteristics at baseline stratified by gender are described in Table 4.1. 

Time trends in OAC use and sole APT use in high risk subjects (CHA2DS2VASc score ≥ 2 

in men and ≥ 3 in women) stratified by gender are shown in figures 4.16 and 4.17 

respectively. In high risk subjects, OAC use increased by 13.4% each year in women (95% 

CI 1.10-1.17, trend p<0.001) and by 6.0% each year in men (95% CI 1.03-1.09, trend 

p<0.001). In 2009 high risk men were 1.8 times more likely than women to receive OAC 

(OR 1.78, 95% CI 1.40-2.26). By 2015/2016 there was no significant gender difference in 

OAC use, with 46.7% and 43.8% of men and women respectively receiving OAC therapy 

on discharge from hospital (p=0.22). Use of sole APT decreased by 7.7% each year in men 

(OR 0.92, 95% CI 0.90-0.95, trend p<0.001) and 10.6% each year in women (OR 0.89, 

95% CI 0.87-0.92, trend p<0.001). In 2009 high risk women were 1.4 times more likely 

than men to receive sole antiplatelet therapy (OR 1.44, 95% CI 1.15-1.80, p=0.001). By 
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2015/2016 there was no significant gender difference in sole antiplatelet use, with 30.4% 

and 31.7% of men and women respectively receiving sole antiplatelet/s (p=0.37).  

 

Figure 4.16 Time trends in oral anticoagulant use in patients at high risk of stroke 

(CHA2DS2-VASc score ≥ 2 in men and ≥ 3 in women) stratified by gender 

 
Error bars represent the 95% confidence interval for each proportion. 
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Figure 4.17 Time trends in antiplatelet use as sole antithrombotic therapy in 

patients at high risk of stroke (CHA2DS2-VASc score ≥ 2 in men and ≥ 3 in women) 

stratified by gender 

 
Error bars represent the 95% confidence interval for each proportion. 

 

4.5.3 Renal function 

 

Baseline characteristics stratified by renal function 

 

Selected patient characteristics at baseline according to patients’ renal function are 

described in table 4.15. Patients without an eGFR result were excluded (581 patients, 5.1% 

of total). Prior renal transplant was present in 49 patients (0.4%). Renal replacement 

therapy was documented in CGMS in 97 patient admissions (0.9%). Patients with non-end 

stage CKD were older, more likely to be female and had the highest mean CHA2DS2-VASc 

scores (p<0.001 for all comparisons). Patients with ESRF had the highest mean HAS-

BLED scores (p<0.001) with nearly all patients in the high-risk bleeding group. The 

number of patients with a history of major bleeding was similar in all groups (p=0.19). 
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Table 4.15 Selected patient characteristics stratified by renal function 

Patient characteristics, n 

(%) unless otherwise specified 

Normal eGFR 

(n=5269) 

Non-end 

CKD 

(n=4968) 

End stage renal 

failure (n=476) 

P value 

Age, mean (SD), years 73.02 (12.9) 81.33 (9.3) 76.66 (11.6) <0.001 

Age group, years       <0.001 

   < 65 1230 (23.3) 270 (5.4) 80 (16.8)   

   65-74 1379 (26.2) 726 (14.6) 92 (19.3)   

   75-84 1661 (31.5) 1940 (39.0) 159 (33.4)   

   85+ 999 (19.0) 2032 (40.9) 145 (30.5)  

  Female 41.4 50.7 43.3 <0.001 

CHA2DS2-VASc, mean (SD) 3.25 (1.8) 4.43 (1.6) 4.20 (1.8) <0.001 

CHA2DS2-VASc group       <0.001 

   Low risk 486 (9.2) 34 (0.7) 11 (2.3)   

   Intermediate risk 683 (13.0) 166 (3.3) 31 (6.5)   

   High risk 4100 (77.8) 4768 (96.0) 434 (91.2)   

HAS-BLED, mean (SD) 2.6 (1.2) 3.1 (1.0) 4.20(1.0) <0.001 

HAS-BLED group       <0.001 

   Low risk 2463 (46.8) 1326 (26.7) 16 (3.4)   

   High risk 2806 (53.2) 3642 (73.3) 460 (96.6)   

Comorbidities         

   Heart failure 908 (17.2) 1758 (35.4) 166 (34.9) <0.001 

   Hypertension 2632 (50.0) 3083 (62.1) 295 (62.0) <0.001 

   Diabetes Mellitus 984 (18.7) 1366 (27.5) 203 (42.6) <0.001 

   Stroke/TIA/Arterial 

embolism 

1022 (19.4) 1109 (22.3) 89 (18.7) 0.001 

   Vascular disease 1702 (32.3) 2400 (48.3) 251 (52.7) <0.001 

   DVT/PE 292 (5.5) 317 (6.4) 31 (6.5) 0.18 

   Major bleeding history 545 (10.3) 529 (10.6) 62 (13.0) 0.19 

      Haemorrhagic stroke 111 (2.1) 66 (1.3) 6 (1.3) 0.008 

      Subdural 95 (1.8) 70  (1.4) 6 (1.3)   

      GIT haemorrhage 232 (4.4) 266 (5.4) 38 (8.0) 0.001 

      Other* 151 (2.9) 160 (3.2) 19 (4.0)   
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   Anaemia* 2910 (55.2) 3506 (70.6) 433 (91.0) <0.001 

   Alcohol abuse 137 (2.6) 69 (1.4) 8 (1.7) <0.001 

   Liver impairment* 309 (5.9) 398 (8.0) 69 (14.5) <0.001 

   Dementia 324 (6.2) 493 (9.9) 40 (8.4) <0.001 

   Falls history 609 (11.6) 798 (16.1) 55 (11.6) <0.001 

   Peptic ulcer / gastritis 248 (4.7) 322 (6.5) 37 (7.8) <0.001 

Number of comorbidities, 

mean (SD) 

3.51 (1.6) 4.39 (1.7) 5.65 (1.8) <0.001 

Definitions of patients’ comorbidities and risk scores are shown in Appendix A. 

Normal eGFR includes all patients with an eGFR result > 60ml/min/1.73m2. Non-end stage CKD includes all 

patients with an eGFR result between 15-59ml/min/1.73m2. End stage renal failure includes all patients with 

an eGFR result < 15ml/min/1.73m2 or a clinical diagnosis of end stage renal failure, prior renal transplant 

and/or renal replacement therapy in CGMS. Patients without an eGFR result were excluded. 

* Indicates diagnoses defined according to HAS-BLED criteria. Other major bleeding refers to a non-

traumatic bleeding event leading to anaemia, blood transfusion and/or hospital admission. Anaemia was 

defined as a haemoglobin of < 115g/L in women and < 135g/L in men in keeping with local laboratory 

(PathWest) reference intervals. Liver impairment was defined as a history of end stage liver disease in CGMS 

and/or bilirubin level 2 times the upper limit of normal and/or ALT or ALP level 3 times the upper limit of 

normal using local laboratory cut-offs.  

eGFR, estimated glomerular filtration; CKD, chronic kidney disease; SD, standard deviation; TIA, transient 

ischaemic attack; DVT, deep vein thrombosis; PE, pulmonary embolus; GIT, gastrointestinal; ALT, alanine 

aminotransferase; ALP, alkaline phosphatase. 

 

Medication use stratified by renal function 

 

Selected patient medication use on discharge from hospital according to patients’ renal 

function is shown in table 4.16. Patients with renal impairment were more likely to receive 

APT than OAC as their sole antithrombotic therapy (p<0.001) and were less likely to 

receive NOAC therapy (p<0.001).  
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Table 4.16 Selected medication use on discharge from hospital stratified by renal 

function 

Medication use, n (%) unless 

otherwise specified 

Normal eGFR 

(n=5269) 

Non-end 

stage CKD 

(n=4968) 

End stage renal 

failure (n=476) 

P value 

Total number of medications, 

mean (SD) 

8.28 (4.2) 10.12 (4.3) 10.24 (4.4) <0.001 

Antithrombotic therapy         

   Warfarin 1510 (28.7) 1402 (28.2) 97 (20.4) 0.001 

   NOAC 519 (9.8) 256 (5.2) 4 (0.8) <0.001 

   Sole APT 1904 (36.1) 2113 (42.5) 223 (46.8) <0.001 

   Dual antiplatelets 315 (6.0) 421 (8.5) 52 (10.9) <0.001 

   OAC + single or dual   

antiplatelets 

593 (11.2) 551 (11.1) 34 (7.1) 0.024 

Other         

   Gastric protection* 2258 (42.8) 2609 (52.5) 278 (58.4) <0.001 

* Gastric protection includes proton pump inhibitors and histamine receptor antagonists. 

eGFR, estimated glomerular filtration rate; CKD, chronic kidney disease; SD, standard deviation; NOAC, 

non-vitamin K oral anticoagulant; APT, antiplatelet therapy; OAC, oral anticoagulation. 

 

Time trends in antithrombotic therapy use in patients with normal renal function and non-

end stage chronic kidney disease 

 

Time trends in OAC and sole APT use in patients with normal eGFR and non-end stage 

CKD are shown in figures 4.18 and 4.19 respectively. At the start of the period, patients 

with normal eGFR were 1.4 times more likely to receive OAC therapy than patients with 

non-end stage CKD (95% CI 1.14-1.80, p=0.002). This gap narrowed over time due to a 

greater increase in OAC use in patients with non-end stage CKD. Anticoagulant use 

increased by 5.2% per year in patients with normal eGFR (OR 1.05, 95% CI 1.02-1.08, 

trend p<0.001), compared to 9.5% per year in patients with non-end stage CKD (OR 1.10, 

95% CI 1.06-1.13, trend p<0.001). From 2014 onwards, there was no significant difference 

in OAC use between these two groups (p=0.08). 
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Use of sole antiplatelet therapy decreased over time in both patient groups (OR 0.93, 

95%CI 0.91-0.96, trend p<0.001 in patients with normal eGFR and OR 0.90, 95% CI 0.88-

0.93, trend p<0.001 in patients with non-end stage CKD). In 2009 patients with non-end 

stage CKD were 1.4 times more likely to receive sole APT than patients with normal eGFR 

(OR 1.44, 95% CI 1.16-1.80, p=0.001). From 2015 onwards, there was no significant 

difference in sole APT use between these two groups (p=0.38 for 2015). The proportion of 

patients with non-end stage CKD receiving no antithrombotic therapy remained constant 

over time (trend p=0.08). Time trends in OAC and sole APT use were similar when patients 

at high risk of stroke only were considered. 

 

Figure 4.18 Time trends in oral anticoagulant use in patients with normal renal 

function and non-end stage chronic kidney disease 

 
Patients with normal renal function includes all patients with an eGFR result > 60ml/min/1.73m2. Non-end 

stage CKD includes all patients with an eGFR result between 15-59ml/min/1.73m2. Patients without an eGFR 

result were excluded. 

eGFR, estimated glomerular filtration rate; CKD, chronic kidney disease 
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Figure 4.19 Time trends in sole antiplatelet use in patients with normal renal 

function and non-end stage chronic kidney disease 

 

Patients with normal renal function includes all patients with an eGFR result > 60ml/min/1.73m2. Non-end 

stage CKD includes all patients with an eGFR result between 15-59ml/min/1.73m2. Patients without an eGFR 

result were excluded. 

eGFR, estimated glomerular filtration rate; CKD, chronic kidney disease 

 

Antithrombotic therapy use in patients with end stage renal failure 

 

Figure 4.20 shows antithrombotic therapy use in patients with ESRF by year of admission. 

Calendar years 2009-2013 and 2014-2016 were combined into two groups due to small 

patient numbers. In the second half of the period (2014-2016), more patients with ESRF 

received OAC therapy (p=0.002) and fewer received sole APT (p=0.011). The number of 

patients receiving no antithrombotic therapy stayed the same during both periods (p=0.98). 
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Figure 4.20 Use of antithrombotic therapy in patients with end stage renal failure 

by year of admission* 

 
* Groups are mutually exclusive. 

 

4.6 Impact of the clinical decision support tool 

 

4.6.1 Completion of the clinical decision support tool 

 

After introduction of the tool in 2012, the clinical decision tool was used in 348 patient 

admissions (5.1% of total). Most of these admissions were to a cardiology ward (92.3%) 

and in admissions where AF was listed as the primary diagnosis (60.3%). Further patient 

characteristics from these admissions are displayed in table 4.16.  
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Table 4.17 Selected patient characteristics in admissions where the clinical decision 

tool was used by junior medical officers 

Patient characteristics, n (%) unless otherwise specified Clinical decision tool 

(n=348) 

Type of diagnosis  

   Primary 210 (60.3) 

   Secondary 74 (21.3) 

   Other* 64 (18.3) 

Admitting specialty   

   Cardiology 321 (92.2) 

   Non-cardiology medical specialty 25 (7.2) 

   Other~ 2 (0.6) 

Female 123 (35.3) 

Age, mean (SD), years 67.68 (12.8) 

Age group, years  

   <65 122 (35.1) 

   65-74 109 (31.3) 

   75+ 117 (33.6) 

CHA2DS2-VASc, mean (SD) 2.93 (1.9) 

CHA2DS2-VASc group,   

   Low risk 55 (15.8) 

   Intermediate risk 55 (15.8) 

   High risk 238 (68.4) 

HAS-BLED, mean (SD) 2.26 (1.3) 

HAS-BLED group   

   Low risk 205 (58.9) 

   High risk 143 (41.1) 

Medications   

  Anticoagulant 224 (64.4) 

  Antiplatelet/s use (any) 109 (31.3) 

Definitions of patients’ comorbidities and risk scores are shown in Appendix A.  

* Other diagnosis includes AF listed as a past medical history or other diagnosis in CGMS. 

~ Other refers to non-medical specialities including all surgical specialities, dermatology, emergency 

medicine, nuclear medicine, psychiatry and radiation oncology. 
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SD, Standard deviation. 

 

4.6.2 Impact of the clinical decision support tool on oral anticoagulant use 

 

Patient admissions where junior medical officers used the decision tool were more likely to 

receive OAC on discharge from hospital than the remaining cohort (64.4% compared to 

36.4%, p<0.001). When cardiology patients only were considered, this difference in OAC 

use narrowed but remained significant (61.7% compared to 54.7%, p=0.020). When elderly 

patients (≥ 75 years old) only were considered, the difference in OAC use between the two 

groups was even greater (63.2% compared to 32.6%, p<0.001). Over time, OAC use in 

high risk patients increased by 29.2% per year in patients where the tool was used (95% CI 

1.01-1.65, trend p=0.040), compared to 15.3% per year in the remaining cohort (95% CI 

1.10-1.20, trend  <0.001).  
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5 DISCUSSION 

 

5.1 Introduction 

 

In this contemporary cohort of 11,294 hospitalised patients with AF in Western Australia 

appropriate antithrombotic therapy use in patients at high risk of stroke has improved over 

time with narrowing evidence-treatment gaps. Uptake of NOACs was a major driver for 

increasing OAC use and accounted for half of all anticoagulants used by 2015/2016. 

However, significant evidence-treatment gaps remain. By the end of the period just under 

half of high risk patients received OAC therapy on discharge from hospital. Women and 

elderly patients remain the most non-optimally treated groups despite a higher risk of 

stroke. A number of low risk patients were also receiving inappropriate OAC therapy. An 

over-emphasis on bleeding risk by physicians and the use of HAS-BLED as a barrier to 

OAC therapy rather than as an indicator of remediable bleeding risk factors may have 

contributed to the persistent under-use of OAC therapy in this study. An electronic clinical 

decision support tool has the potential to help bridge this evidence-treatment gap in AF 

management, but was limited by poor uptake. This study supports the need for national AF 

management guidelines and continuing quality improvement programs to reduce the 

underuse of OAC therapy in AF management in Australia. 

 

5.2 Use of appropriate antithrombotic therapy has improved over time 

but remains under-utilised in high risk patients (CHA2DS2-VASc ≥ 2 

in men and 3 in women) 

 

5.2.1 Oral anticoagulant use increased over time in high risk patients 

 

Use of appropriate antithrombotic therapy in high risk patients improved over time with 

increasing OAC use and declining sole antiplatelet use (both trend p<0.001). Oral 

anticoagulant use in high risk patients increased from 31.9% in 2009 to 45.3% in 
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2015/2016 (trend p<0.001, 42.0% relative increase). Similar trends in OAC use have been 

recently described in a number of AF registries and a large Danish cohort of inpatient and 

ambulatory AF patients between 2005-2015119. In the Danish cohort, in patients with a 

first-time primary AF diagnosis (incident cases), OAC use increased from 38.1% in 2010 to 

66.5% in 2015 (trend p<0.001, 74.5% relative increase)119. However, exclusion of patients 

with secondary AF in the main analysis may have over-estimated OAC treatment 

proportions in this study. In a separate analysis, patients with AF as a secondary diagnosis 

showed similar trends in OAC use but were less likely to receive OAC overall than patients 

with primary AF119. In the multi-country GARFIELD-AF registry of inpatient and 

ambulatory patients with incident AF and one additional risk factor for stroke, OAC use 

increased from 50% in 2010 to 71% in 2016 (42% relative increase)6. Similar trends have 

also been observed in the PINACCLE (Practice Innovation and Clinical Excellence) 

registry, an outpatient cohort in the United States of prevalent AF patients with a 

CHA2DS2-VASc score of  ≥ 1, where OAC use increased from 52% to 61% (trend p<0.01, 

17% relative increase) between 2008-2014127. In the multi-country GLORIA-AF registry of 

incident AF patients, 82% of high risk patients received OAC therapy in 2014110. 

 

Uptake of NOACs was a major feature of increasing OAC use in this study. After PBS 

listing of NOACs in 2013 the number of high risk patients receiving NOAC therapy 

doubled each year with declining VKA use. By 2015/2016, half of high risk patients on 

OAC therapy were receiving NOAC therapy. Similar trends have been observed in AF 

cohorts overseas, with NOACs making up almost three-quarters of all new prescriptions for 

OAC therapy6,119,126. In the large Danish cohort described previously, NOACs accounted 

for 72.6% of all oral anticoagulants prescribed in 2015119. However, in our study the 

upward trend in OAC use began prior to PBS listing of NOACs in Australia in 2012, 

indicating other factors influenced OAC use. Other potential drivers for changing 

antithrombotic therapy use in our study include increased familiarity with the CHA2DS2-

VASc score and evidence-based guideline treatment recommendations and improved local 

infrastructure for dedicated anticoagulation support services119,126. 
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5.2.2 Sole antiplatelet use decreased over time in high risk patients 

 

Use of antiplatelet therapy as sole thromboprophylaxis in high risk patients declined over 

the period in parallel with rising OAC use. Sole antiplatelet use in high risk patients 

decreased from 43.9% in 2009 to 31.0% in 2015/2016 (trend p<0.0001, 70% relative 

decrease). The overall proportion (23.6%) of high risk patients receiving no antithrombotic 

therapy was unchanged over the study period (trend p=0.25). Similar trends were observed 

in the GARFIELD-AF registry, where sole antiplatelet use decreased from 36% to 17% 

(47% relative decrease) and the proportion of patients receiving no antithrombotic therapy 

stayed around 12% between 2010-20166. The downward trend in use of APT observed in 

our study may reflect changing international AF management guidelines with a shift away 

from antiplatelet therapy as thromboprophylaxis84. 

 

5.2.3 Persistent under-use of oral anticoagulation therapy in high risk patients by 

the end of the period 

 

Despite the gains made, by the end of the period appropriate antithrombotic therapy was 

under-utilised in high risk patients with less than half receiving OAC therapy and almost a 

third receiving sole APT. The optimal OAC treatment proportion in AF management is 

unknown and direct comparison with AF cohorts overseas is complex due to differences in 

site of enrolment (inpatient or ambulatory), stroke and bleeding risk profiles (CHA2DS2-

VASc and HAS-BLED scores) and type of AF (primary or secondary, new onset or 

chronic). However, use of OAC therapy in this study was substantially below all other 

contemporary AF cohorts by at least 15%. Interestingly the absolute increase in OAC use 

observed in our study was comparable to other studies, but the OAC treatment proportion at 

the start of the period was lower than other AF cohorts. There are few absolute contra-

indications to OAC therapy, and even after taking into account the influence of patient 

preference on OAC use, this study suggests many more eligible patients could benefit from 

OAC therapy. 
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Uptake of NOACs in this study was also below other AF cohorts overseas by almost 25% 

in 2015/2016. Interestingly 14.2% of patients in our study had an eGFR of < 30 

ml/min/1.73m2 contraindicating use of NOACs. Although NOACs have overcome many of 

the pragmatic disadvantages associated with warfarin use, the persistent under-use of OAC 

in our study suggests NOACs alone are not enough to drive OAC use to optimal levels and 

other factors are at play126,128. Non-VKA oral anticoagulant users were also younger and 

had fewer comorbidities than comparison VKA users, suggesting NOACs are not being 

utilised in the most disadvantaged patient groups in terms of OAC under-use, such as the 

elderly.  

 

5.2.4 Potential reasons underlying the persistent under-use of oral anticoagulation 

therapy in high risk patients 

 

Predictors of OAC use provide insight into the potential reasons underlying the under-use 

of OAC therapy in high risk patients in our study. Patients admitted to a cardiology ward 

and with AF as the primary diagnosis were more likely to receive OAC therapy, suggesting 

OAC therapy may be over-looked in admissions where AF is not the reason for admission. 

Patients admitted to a cardiology ward were also more likely to be male, younger in age 

and have fewer comorbidities and lower mean HAS-BLED scores, suggesting there may be 

fewer relative contraindications to OAC use in this patient group. Interestingly there was no 

difference in OAC use between patients from a rural or urban background and between 

Indigenous and non-Indigenous patients after adjusting for other factors. This differs from 

the previously mentioned study in South Australia by Wong et al, which found Indigenous 

ethnicity was associated with absence of OAC therapy in the final multivariable model 

(adjusted for patients’ CHA2DS2VASc scores)114. However, their study did not include any 

risk factors for major bleeding in the final multivariable model. Use of self-identified 

Aboriginal and/or Torres Strait Islander status in this study may also have under-estimated 

the true number of Indigenous patients in the study cohort. 

 

Absence of OAC therapy in high risk patients in our study was associated with a number of 

HAS-BLED risk factors, including concomitant antiplatelet therapy, prior major bleeding 
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history, alcohol abuse and renal or liver impairment. Bleeding risk was the most commonly 

cited reason for ceasing OAC therapy by junior medical officers in CGMS. Patients at 

higher risk of bleeding based on their HAS-BLED scores were also less likely to receive 

OAC therapy than low risk patients over the entire study period. These findings suggest an 

over-emphasis on bleeding risk by physicians may have contributed to the withholding of 

OAC therapy in eligible patients. Fear of bleeding has been shown to influence prescribing 

practices in AF management, and physicians may have greater concern initiating therapy 

with the potential to cause harm even if the benefits outweigh the risks140. The persistent 

under-use of OAC therapy in our study may also reflect the limitations of current bleeding 

risk scores. The co-distribution of stroke and bleeding risk factors in the study cohort 

resulted in the majority of patients being at high risk of both stroke and bleeding. However, 

net clinical benefit analyses are in favour of OAC therapy in most patients, and those 

patients at high risk of both stroke and bleeding also seem to derive the greatest net benefit 

with OAC therapy105. The clinical utility of HAS-BLED therefore lies in identifying 

patients with remediable bleeding risk factors and not as an absolute barrier to OAC 

therapy3.  

 

5.3 Evidence-treatment gaps in the elderly, women and patients with 

renal impairment narrowed over time 

 

5.3.1 The elderly 

 

Uptake of OAC therapy in elderly patients improved over time in both elderly age groups 

(aged 75-84 and ³ 85 years old). However, in the very elderly (≥ 85 years old), OAC use 

remained lower than younger patients (< 65 years old) over the entire period. Oral 

anticoagulation use in the study cohort actually decreased with increasing age, despite older 

age being one of the strongest risk factors for stroke64. In 2015/2016, only 50.4% and 

34.5% of patients aged 75-84 years and ≥ 85 years respectively were receiving OAC 

therapy on discharge from hospital, significantly below other AF cohorts overseas. For 

example, in a sub-analysis of the European PREFER-AF registry, up to 78% of 
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octogenerians were receiving OAC in 201210. Almost a third of very elderly patients aged 

≥ 85 years were also receiving sole antiplatelet therapy at the end of the study period. This 

points to a potential misconception aspirin is a safer option in patients at higher risk of 

bleeding, despite APT no longer being recommended in current AF management guidelines 

for stroke prevention. 

 

Patient frailty and the safety and tolerability of available treatments is an important 

management concern in elderly AF patients. In our study, elderly patients had higher mean 

CHA2DS2-VASc and HAS-BLED scores, more comorbidities and used more medications 

than younger patients. Although elderly patients have been traditionally excluded from 

clinical trials, current available evidence supports OAC use for stroke prevention in elderly 

patients3,64. Despite the safety data available, physicians may overestimate the risk of 

traumatic intracranial haemorrhage secondary to falls in elderly patients141. In our study, 

absence of OAC therapy was associated with a history of falls and dementia. However, 

patients who are a high falls risk have not been shown to be at greater risk of intracranial 

haemorrhage with OAC therapy, and modelling studies have proposed a patient would need 

to fall more than 295 times a year before the risk of intracranial haemorrhage is greater than 

the risk of ischaemic stroke141. In view of a progressive increase in the risk of stroke with 

age and a more constant rise in the risk of intracranial haemorrhage with age, the net 

benefit of OAC therapy is actually greatest in AF patients aged ≥	85 years old105,141. 

 

5.3.2 Women 

 

Over the entire study period high risk men were 1.3 times more likely to receive OAC 

therapy than high risk women. This gender-gap in OAC use narrowed over time and by the 

end of the period there was no significant difference in OAC use between high risk men 

and women (p=0.22). However, women in the study were significantly older than men and 

at greater absolute risk of stroke, suggesting women remain non-optimally treated with 

OAC therapy compared to men. Potential reasons underlying the gender-gap in OAC use in 

AF management proposed in the literature include the older age of female patients, greater 

perceived bleeding risk in women and a lack of awareness of the increased stroke risk 
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conferred with female gender in the presence of additional risk factors16,142. However, 

differences in OAC use between men and women in our study persisted after adjusting for 

age, suggesting other factors were at play. Furthermore, bleeding risk with OAC therapy is 

similar and possibly lower in women compared to men16,142. In our study, the number of 

patients with a history of major bleeding was actually higher in men than women (11.2% in 

men compared to 9.5% in women, p=0.004) and the proportion of patients at high risk of 

bleeding based on their HAS-BLED scores were similar (approximately 63% in both men 

and women, p=0.61). Further work is needed to identify why high risk women receive less 

OAC therapy than men, in order to drive OAC use to optimal levels in this patient group. 

 

5.3.3 Patients with renal impairment 

 

Renal impairment in our study was common. Almost half of the study cohort had an eGFR 

consistent with non-end stage CKD. Use of OAC therapy in patients with non-end stage 

CKD improved over time and equalled patients with normal renal function by the end of 

the period. However, given the reduced accuracy of stroke risk scores in patients with renal 

impairment all patients with CKD should be considered a high risk group, suggesting 

further patients could benefit from OAC therapy103,104. In patients with ESRF, use of OAC 

therapy was lower than other AF cohorts (31.0% between 2014-2016, compared to up to 

60% in other studies)101. However, the optimal antithrombotic strategy in this patient group 

is yet to be determined. 

 

5.4 Time trends in antithrombotic therapy use in intermediate risk 

patients (CHA2DS2-VASc of 1 in men and 2 in women) 

 

In patients at intermediate risk of stroke, there was no significant trend in the number of 

patients receiving OAC therapy (trend p=0.77) and a significant decreasing trend in the use 

of sole APT (trend p=0.029) over the period. Interestingly in 2015/2016, the proportion of 

intermediate risk patients receiving OAC therapy was similar to high risk patients (44.6% 

of intermediate risk patients compared to 45.3% of high risk patients). This may reflect the 
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younger age of intermediate risk patients. Current international AF management guidelines 

recommend consideration of OAC therapy in patients at intermediate risk of stroke, 

however further research is required to determine the optimal antithrombotic strategy in this 

patient group3. 

 

5.5 Oral anticoagulation therapy is over-used in low risk patients 

(CHA2DS2-VASc score of 0 in men and 1 in women) 

 

A significant proportion of low risk patients were receiving OAC therapy on discharge 

from hospital (239 patients, or 40.5% of total), and this proportion stayed the same over the 

study period (trend p=0.10). Over-use of OAC therapy in low risk patients has been 

described in other AF cohorts. In the previously mentioned South Australian study, up to 

24% of low risk patients were receiving OAC therapy on discharge from hospital114. In the 

PINACCLE and GARFIELD-AF registries, 26.6% and 38.7% of patients with a CHA2DS2-

VASc score of 0 were prescribed OAC therapy respectively113,143. However, these studies 

were unable to identify alternative indications for OAC therapy in low risk patients113,143. In 

a retrospective chart review of hospitalised AF patients in the United States between 

January 2009-2016, after excluding other indications for OAC therapy, only 12% of low 

risk patients were receiving inappropriate OAC therapy112. In the prospective EORP-AF 

registry of cardiology patients, 56.4% of low risk patients were receiving OAC therapy, 

however half of these were awaiting planned cardioversion144. 

 

In our study other indications for OAC therapy were identified in 8.3% of low risk patients 

receiving OAC therapy, including a history of venous thromboembolism and/or inpatient 

cardioversion. Low risk patients receiving OAC therapy were also more likely to be male 

and admitted to a cardiology ward. It was not possible to identify patients awaiting planned 

cardioversion in our study, and this may account for some of the increased OAC use in this 

patient group. Predictors of OAC use in low risk patients described in the AF literature 

include higher body mass indices, older age, smoking history and permanent AF, indicating 

physicians may perceive these patients at greater risk of adverse events112,113. However, 
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these factors have not been validated for stroke risk stratification in AF management112,113. 

Further research into why low risk patients are receiving OAC therapy is warranted, as this 

may expose patients to unnecessary bleeding risk without any significant anti-thrombotic 

benefit. 

 

5.6 Impact of the electronic clinical decision support tool on oral 

anticoagulant use 

 

Patient admissions where the clinical decision support tool was used were more likely to 

receive OAC therapy on discharge from hospital (64.4% compared to 36.4% in the 

remaining cohort, p<0.0001). The major time point in our study when patterns of 

antithrombotic therapy began to change was in 2012, the same year the clinical decision 

support tool was introduced. Junior medical officers may have been exposed to the tool 

when completing discharge summaries without entering any patient data, although it was 

not possible to capture this information in our study. Exposure to the tool may have 

resulted in increased awareness of the CHA2DS2-VASc risk score and evidenced-based 

treatment recommendations in AF management.  

 

However, the clinical decision support tool had a number of significant limitations. It was 

utilised in a small proportion of admissions only and was mostly used in cardiology 

patients with a primary diagnosis of AF, where use of OAC therapy is already higher than 

in other settings. Potential barriers to use of the tool include time limitations of medical 

staff, a lack of awareness of the tool particularly in non-cardiology medical specialties and 

location of the tool in time at the end of patient care rather than on admission. The majority 

of medical staff exposed to the tool were also junior medical officers, however management 

decisions in AF patients are more likely to be made by senior medical staff. Further work is 

needed to improve the utility of the clinical decision support tool in order to evaluate its 

impact on appropriate antithrombotic therapy use in AF management. 
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5.7 Study strengths 

 

The major strengths of this study include a large sample size with a diverse real-world 

patient cohort including elderly patients with multiple co-morbidities who are often under-

represented in clinical trials. Use of discharge diagnoses in CGMS and the availability of 

laboratory data enabled a more detailed description of patients’ stroke and bleeding risk 

profiles. The audit of patients’ complete medical records also demonstrated CGMS was an 

accurate method of identifying patients with AF, determining discharge antithrombotic 

therapy and calculating patients’ stroke and bleeding risk scores.  

 

5.7.1 Representativeness of the patient cohort 

 

The majority of patients in the study cohort were elderly (64.3% aged ≥75 years old) and at 

high risk of stroke (86.3% of total) based on their CHA2DS2-VASc scores. The number of 

CHA2DS2-VASc risk factors and proportion of patients at high risk of stroke in our study is 

comparable to previously reported Australian data and other AF cohorts 

overseas21,111,113,114,119. Bleeding risk factors were also common, and the majority of 

patients (64.0% of total) were at high risk of bleeding based on their HAS-BLED scores. 

The bleeding risk profiles of hospitalised patients in an Australian AF cohort have not been 

previously described. Other AF cohorts and registries overseas have reported significantly 

lower numbers of patients at high risk of bleeding based on their HAS-BLED scores, with 

significant variability between studies. For example, in the previously described Danish 

cohort approximately 30% of patients had a high HAS-BLED score, compared to 11.3% in 

the GARFIELD-AF registry6,119. The availability of patients’ laboratory results in our study 

may have improved the sensitivity of CGMS in identifying HAS-BLED risk factors and 

resulted in higher HAS-BLED scores compared to other studies.  

 

5.8 Study limitations 
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This study has a number of limitations. Use of CGMS to identify patients with AF may 

have missed patient admissions without a completed discharge summary. However, this 

number is likely to be small as it is a hospital requirement at both SCGH and OPH that all 

inpatient admissions have a discharge summary completed. Use of CGMS alone to 

calculate patients’ CHA2DS2-VASc and HAS-BLED scores may underestimate patients’ 

raw scores. Use of patients’ worst laboratory results, such as lowest haemoglobin level, to 

define HAS-BLED risk factors may have over-estimated patients’ HAS-BLED scores. Use 

of a single eGFR measurement to define CKD status may have also over-estimated the 

number of patients with CKD. It was not possible to use CGMS to accurately characterise 

the pattern of AF or to identify patients with a brief and single episode of AF in the context 

of an acute illness. However, this patient group is likely to be small and have lower mean 

CHA2DS2-VASc scores, as patients with paroxysmal AF will usually progress to 

permanent AF over time3. Furthermore, current international AF management guidelines 

recommend the pattern of AF should not influence selection of antithrombotic therapy and 

patients should be risk stratified using the CHA2DS2-VASc score regardless of the duration 

of their AF3,85. It was also not possible to determine patients’ values and preferences or 

capture temporary changes to patients’ discharge antithrombotic therapy (for example, 

before or after an interventional procedure) in our study, both of which may have 

influenced OAC use. Patients’ CHA2DS2-VASc scores and current evidenced-based AF 

management guidelines were used to evaluate the appropriateness of antithrombotic therapy 

use on discharge from hospital. However, risk scores and treatment recommendations have 

changed over time. Our study enrolled hospitalised AF patients limiting its’ applicability to 

other healthcare settings such as primary care. The single centre study design limits 

applicability to other patient centres in Australia. 

 

5.9 Clinical implications and future directions 

 

This study identified a number of evidence-treatment gaps in the management of AF in 

contemporary clinical practice in Western Australia. By the end of the period only 45.3% of 

high risk patients were receiving OAC therapy on discharge from hospital. Improved 

awareness of current evidence-based treatment recommendations in AF management is 
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urgently required, including the development and dissemination of an Australian AF 

management guideline. Local strategies to improve implementation of current evidence into 

clinical practice are also needed. An electronic clinical decision support tool has the 

potential to bridge evidence-treatment gaps in AF management, but further research and 

development is required. Increased awareness of the tool through promotion at hospital 

grand rounds and clinical meetings is required to improve use of the tool. Location of the 

clinical decision tool in an alternative electronic platform to CGMS that allows the tool to 

be accessed at the start of patient care (rather than on discharge), may also improve the 

utility of the tool. Real-world stroke outcomes in an Australian AF cohort are lacking and 

essential to determine the impact of OAC under-use on patient outcomes. In addition, the 

CHA2DS2-VASc score is yet to be validated in an Australian AF cohort. The potential 

over-use of OAC therapy in patients at low risk of stroke also warrants further 

investigation. 

 

Certain patient groups were less likely to receive OAC therapy in our study including 

women, the elderly, patients admitted under a non-cardiology medical specialty and where 

AF was not the primary reason for admission (patients admitted with a secondary, past 

medical history or other diagnosis of AF in CGMS). Targeted interventions in these patient 

groups are required to improve OAC uptake, including focussed educational meetings on 

groups of AF patients currently receiving non-optimal care. Greater opportunistic screening 

of patients in hospital with a past medical history of AF by medical staff to identify eligible 

patients not receiving appropriate OAC therapy, may also be beneficial in improving OAC 

use in this patient group. Although initiating OAC therapy can be time consuming, 

additional resources are available in hospital to provide support and education to patients 

and staff, including ward pharmacists and dedicated anticoagulation support services. 

 

Patients with risk factors for major bleeding were also less likely to receive OAC therapy in 

our study. Education around the use of HAS-BLED as a means of identifying remediable 

bleeding risk factors, rather than as a barrier to OAC therapy, is necessary. Further work is 

also needed to identify patient factors that distinguish bleeding from stroke risk to improve 

the clinical utility of current bleeding risk scores. Although bleeding outcomes in AF 
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populations overseas are reassuringly low, local data describing bleeding outcomes in a 

real-world AF cohort including elderly patients and patients with multiple co-morbidities is 

required to confirm these findings. The HAS-BLED bleeding risk score is also yet to be 

validated in an Australian AF cohort. 

 

5.10 Conclusion 

 

This retrospective cohort study of hospitalised AF patients in Western Australia is the first 

Australian study to describe recent time trends in antithrombotic therapy use in AF subjects 

with detailed descriptions of patients’ stroke and bleeding risk profiles. In this study we 

observed changing patterns in antithrombotic therapy use with increasing OAC use and 

decreasing sole antiplatelet use in patients at high risk of stroke. Despite the gains made, 

OAC use remains discordant with international evidence-based guidelines with under-use 

in high risk subjects and over-use in low risk subjects. In particular, elderly AF patients 

were substantially under-treated with OAC therapy despite a higher stroke risk. Uptake of 

NOACs was a major driver for increasing OAC use in the study cohort but has been 

insufficient to drive OAC use to optimal levels. The implications of inappropriate OAC use 

are significant. Over-use of OAC therapy in low risk subjects could expose patients to 

unnecessary bleeding risk. Under-use of OAC in high risk subjects could result in future 

thromboembolic strokes and premature death, both which are potentially preventable with 

OAC therapy. With the ageing population and rising burden of AF in the 21st century, 

under-use of OAC therapy in high risk subjects will have significant public health 

implications and result in substantial financial costs to the healthcare system11. Further 

work is urgently needed to drive OAC use to optimal levels in AF management in 

Australia. 
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7 APPENDICES 

 

Appendix A  Definitions of patient demographics, co-morbidities and 

risk scores 

 

Table 7.7.1 Definitions of patient demographics 

Demographic Definition 

Indigenous Australian Aboriginal and/or Torres Strait Islander ethnicity listed in CGMS. 

Rural postcode Postcodes 6200-6799. 

Non-cardiology medical 

specialty 

Any of the following medical specialties – endocrinology, 

gastroenterology, geriatric medicine, general medicine, 

haematology, hepatology, immunology, infectious diseases, 

neurology, oncology, renal medicine, respiratory medicine and 

rheumatology. 

Other admitting specialty Includes all surgical specialities, dermatology, emergency 

medicine, nuclear medicine, psychiatry and radiation oncology. 

 

Table 7.7.2 Definitions of patient co-morbidities 

Co-morbidity Definition 

Valvular heart disease Any of the following diagnoses in CGMS – prosthetic heart valve 

(any), rheumatic heart disease, rheumatic fever, mitral valve stenosis. 

Atrial flutter Diagnosis of atrial flutter in CGMS.  

Heart failure Any of the following diagnoses in CGMS – congestive cardiac failure 

(including similar terms such as heart failure, left ventricular 

dysfunction, cardiac insufficiency, diastolic / systolic dysfunction), 

cardiomyopathies (including ischaemic, alcoholic and hypertrophic 

obstructive cardiomyopathies), acute pulmonary oedema, cardiogenic 

shock. 

Hypertension Any of the following diagnoses in CGMS – hypertension, 

hypertensive heart disease, hypertensive renal disease. 
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Diabetes mellitus Use of any diabetic medications (including insulin and/or oral 

hypoglycaemics) and/or any of the following diagnoses in CGMS – 

diabetes Mellitus Type I and II, diabetic ketoacidosis, hyperosmolar 

non ketotic acidosis. 

Ischaemic stroke Any of the following diagnoses in CGMS – ischaemic stroke, cerebral 

infarction, thromboembolic stroke. 

Stroke type not 

specified 

Any of the following diagnoses in CGMS – cerebrovascular accident, 

stroke. 

Transient ischaemic 

attack 

Diagnosis of transient ischaemic attack in CGMS. 

Peripheral arterial 

embolism 

Any of the following diagnoses in CGMS – arterial embolism, arterial 

thromboembolism, embolectomy, aortic thrombus, cardiac thrombus 

(including atrial, apical and ventricular thrombus). 

Coronary artery 

disease 

Any of the following diagnoses in CGMS – myocardial infarction, 

angina, percutaneous coronary intervention (stent and/or angioplasty), 

coronary artery bypass surgery, ischaemic cardiomyopathy. 

Peripheral vascular 

disease 

Any of the following diagnoses in CGMS – intermittent claudication, 

lower limb ischaemia, arterial thrombosis, intervention to the lower 

limb arteries (stent, angioplasty and/or bypass), thoracic and 

abdominal aortic aneurysm or dissection and/or surgical repair, 

intestinal ischaemia (including ischaemic colitis and mesenteric 

ischaemia). 

Carotid artery disease Any of the following diagnoses in CGMS – carotid artery disease, 

stenosis and/or occlusion, carotid endarterectomy and/or bypass. 

Deep vein thrombosis/ 

pulmonary embolism 

Any of the following diagnoses in CGMS – pulmonary embolism, 

deep vein thrombosis, inferior vena cava filter. 

Haemorrhagic stroke Any of the following diagnoses in CGMS – haemorrhagic stroke, 

subarachnoid haemorrhage, intra-cerebral haemorrhage. 

Subdural haemorrhage Any of the following diagnoses in CGMS – subdural haematoma, 

subdural haemorrhage. 

Gastrointestinal 

haemorrhage 

Any of the following diagnoses in CGMS – upper and lower 

gastrointestinal bleed, haematemesis, melena. 
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Other major bleeding Other major bleeding events (non-traumatic) in CGMS leading to 

anaemia, blood transfusion and/or hospital admission such as 

epistaxis, haematuria and intra-muscular haematomas. 

Blood dyscrasia Any of the following diagnoses in CGMS – disseminated intravascular 

coagulation, haemophilia, von Willebrands disease, idiopathic 

thrombocytopaenic purpura, thrombocytopaenia, platelet dysfunction. 

Anaemia Haemoglobin result of < 115g/L in women and < 135g/L in men in 

keeping with local laboratory (PathWest) reference intervals. 

Alcohol abuse Any of the following diagnoses in CGMS – alcohol withdrawal, 

alcoholic dementia, acute alcoholic intoxication, alcohol dependence, 

alcoholic fatty liver, alcoholic hepatitis, alcoholic cirrhosis, alcoholic 

gastritis, wernickes encephalopathy. 

Liver impairment Bilirubin level 2 times the upper limit of normal and/or ALT or ALP 

level 3 times the upper limit of normal using local laboratory 

(PathWest) cut-offs and/or any of the following diagnoses in CGMS – 

cirrhosis (including hepatic encephalopathy, heptaopulmonary 

syndrome, portal hypertension), liver transplant. 

End stage renal 

impairment 

Estimated glomerular filtration rate < 15ml/min/1.73m2 and/or 

any of the following diagnoses in CGMS – dialysis, renal transplant, 

end stage renal disease. 

Dementia Any diagnosis of dementia in CGMS. 

Falls history Any of the following diagnoses in CGMS – falls history, recurrent 

falls, neck of femur fracture. 

Peptic ulcer/gastritis Any of the following diagnoses in CGMS – gastric ulcer, duodenal 

ulcer, gastritis. 

Number of co-

morbidities 

Total number of coded co-morbidities. 
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Table 7.7.3 Definition of the CHADS2 score 

Co-morbidity Points 

Congestive heart failure 1 

Hypertension 1 

Diabetes 1 

Stroke and/or TIA* 2 

Age ≥ 75 1 

Patients’ CHADS2 scores were calculated as described in the original article by Gage et al76. 

A score of 0 was considered low risk, 1-2 as moderate risk and ³ 3 as high risk for ischaemic stroke76. 

*All cerebrovascular accidents where the type was not specified as ischaemic or haemorrhagic where 

assumed to be ischaemic strokes. 

 

Table 7.7.4 Definition of the CHA2DS2-VASc score 

Co-morbidity Points 

Congestive heart failure 1 

Hypertension 1 

Diabetes mellitus 1 

Vascular disease – coronary artery disease and/or peripheral vascular 

disease* 

1 

Stroke~, TIA and/or peripheral arterial thromboembolism^ 2 

Female sex 1 

Age 65-74 1 

Age ≥ 75 2 

Total 10 

Patients’ CHA2DS2-VASc scores were calculated as described in the original article by Lip et al4. 

In men a score of 0 was considered low risk, a score of 1 was considered intermediate risk and a score of ³ 2 

was considered high risk for ischaemic stroke. In women a score of 1 was considered low risk, a score of 2 

was considered intermediate risk and a score of ³ 3 was considered high risk for ischaemic stroke3.  

*Coronary artery disease was defined as a history of prior myocardial infarction, angina, percutaneous 

coronary intervention and/or coronary artery bypass surgery. Peripheral vascular disease was defined as prior 

surgery or percutaneous intervention of the lower limb arteries and/or abdominal or thoracic aorta, and/or a 

history of intermittent claudication, lower limb ischaemia or peripheral arterial thrombosis. These definitions 

were in keeping with the definitions described in the appendices of the original article by Lip et al4. 
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~All cerebrovascular accidents where type was not specified as ischaemic or haemorrhagic were assumed to 

be ischaemic strokes. 

^Pulmonary embolism and deep vein thrombosis were excluded. 

TIA, transient ischaemic attack. 
 

Table 7.7.5 Definition of the modified HAS-BLED score 

Co-morbidity Points 

Hypertension – any history  1 

Renal impairment – end stage* 1 

Liver impairment – end stage~ 1 

Stroke history^ 1 

Prior major bleeding (intracranial, gastrointestinal or other major 

bleeding†) and/or bleeding predisposition (anaemia‡ or blood dyscrasia) 

1 

Age > 65 1 

Medications predisposing to bleeding (antiplatelet and/or anti-

inflammatory use) 

1 

Alcohol abuse – any alcohol related diagnoses 1 

Patients’ HAS-BLED scores were calculated as described in the original article by Pisters et al87. 

A score of ³ 3 was considered high risk for bleeding87. 

Uncontrolled hypertension history was changed to any hypertension history as it was not possible to 

determine patients’ blood pressure measurements from CGMS. Labile International Normalised Ratios was 

omitted from the score as it was not possible to determine patients’ time in therapeutic range for warfarin 

users. 

* End stage renal impairment was defined as a history of ESRF in CGMS and/or an eGFR < 

15ml/min/1.73m2. Patients without an eGFR result or history of ESRF in CGMS were assumed to have 

normal renal function. 

~ Liver impairment was defined as a history of end stage liver disease in CGMS and/or bilirubin level 2 times 

the upper limit of normal and/or ALT or ALP level 3 times the upper limit of normal using local laboratory 

(PathWest) cut-offs. Patients without a liver function test result or history of end stage liver disease in CGMS 

were assumed to have normal liver function. 

^ All cerebrovascular accidents where type was not specified as ischaemic or haemorrhagic where assumed to 

be ischaemic strokes. 

† Other major bleeding was defined as a non-traumatic bleeding event leading to anaemia, blood transfusion 

and/or hospital admission. 
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‡ Anaemia was defined as an haemoglobin of < 115g/L in women and < 135g/L in men in keeping with local 

laboratory (PathWest) reference intervals. Patients without a haemoglobin result were assumed to have 

normal haemoglobin levels. 

 

Table 7.7.6 Definition of the ATRIA score 

Co-morbidity Points 

Anaemia* 3 

Severe renal disease~ 3 

Age ≥ 75 years 2 

Any prior haemorrhage diagnosis^ 1 

Hypertension - any history 1 

Patients’ ATRIA scores were calculated as described in the original article by Fang et al89. 

A score of 0-3 was considered low risk, score of 4 intermediate risk and score of ³ 5 high risk for major 

bleeding89. 

* Anaemia was defined as a haemoglobin of < 115g/L in women and < 135g/L in men in keeping with local 

laboratory (PathWest) reference intervals. 

~ Severe renal disease was defined as an estimated glomerular filtration rate < 30ml/min/1.73m2 and/or a 

history of end stage renal failure in CGMS. 

^ Including prior intracranial and gastrointestinal haemorrhage and any other major bleeding events. 

 

Table 7.7.7 Definition of the ORBIT score 

Co-morbidity Points 

Older age (≥ 75 years) 1 

Reduced haemoglobin / anaemia* 2 

Bleeding history~ 2 

Insufficient kidney function^ 1 

Treatment with antiplatelet/s 1 

Patients’ ORBIT scores were calculated as described in the original article by O’Brien et al88. 

A score of 0-2 was considered low risk, score of 3 intermediate risk and ³ 4 as high risk for major bleeding88. 

* Anaemia was defined as a haemoglobin of < 115g/L in women and < 135g/L in men in keeping with local 

laboratory (PathWest) reference intervals. 

~ History of gastrointestinal or intracranial haemorrhage only. 

^ Defined as an estimated glomerular filtration rate < 60ml/min/1.73m2. 
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Discharge Summary

Printed by HE108670 - GOOCH, MITCHELL
on 19 July 2013

Department of Rehabilitation and Aged Care
Sir Charles Gairdner Hospital

enquiries ph (08) 9346 3333

Ref: UMR: K7411567
Case: 15278790

Patient Copy

Patient: CANTRILL, LESLIE
LOT 1 LONG STREET
MOORA, 6510
dob: 25 Dec 1925

Admitted: 03 Jul 2013
Discharged: 19 Jul 2013
LOS: 17 days
D/C Reason: Care Complete (Clinician's Decision)
D/C Destination: Private Residence - Care of Others

Specialty: Department of Rehabilitation and Aged Care
Consultant: INGRAM, KATHARINE VIRGI

Principal Diagnoses: ( responsible for admission )
- Myocardial Infarction - Non-STEMI

Secondary Diagnoses / Complications: ( which were treated or delayed discharge/progress )
- Acute Pulmonary Oedema
- Atrial Fibrillation

Other Conditions / Problems: ( active conditions/problems during this admission )
- Aortic Stenosis
- Ischaemic Heart Disease
- Pacemaker

Interventions/Procedures: ( during this admission )
- Arrhythmia Cardioversion
- Transoesophageal Echocardiogram

Significant Past Problems and Procedures:
- Aortic Stenosis - mild
- Atrial Fibrillation - Dx 2006
- Coronary Angiogram  - 2003: 90% LAD, RCA: 80% distal, 50% mid, 40% prox
- Hypercholesterolaemia
- Hypertension
- Ischaemic Heart Disease - Dx 2003
- Osteoarthritis of the Hip - left
- Psoriatic Arthritis
- Replace;joint;hip - THR Left hip
- Surgery;cataract

 

 

 

 

Appendix B  Sample discharge summary 
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Page 4 of 4Discharge Summary of HODGEKISS, EVELYN MAY
QE@000015176179-20130524164803he90767

Discharge Medications:
Medication Dosage Reason(s) Special Instructions
Amiodarone hydrochloride Tablets 200
mg ** New

1 in the morning
1 in the evening

Caltrate Plus Tablets 1500 mg 1 in the morning

Cholecalciferol Capsules 25 mcg 1 in the morning

Clopidogrel hydrogen sulfate Tablets
75 mg

1 in the morning

Colchicine Tablets 500 mcg 1 in the morning

Enoxaparin sodium Injection 60 mg **
New

50mg in the morning
50mg in the evening

Clexane cover until warfarin
therapeutic

Fish oil natural Capsules 1000 mg 1 in the morning

Lercanidipine hydrochloride Tablets 10
mg

1 in the morning

Magnesium sulfate Tablets 1 in the morning

Natrilix SR SR Tablet 1.5 mg 1 in the morning

Oxybutynin hydrochloride Tablets 5 mg 1/2 in the morning
1/2 in the evening

Paracetamol SR Tablet 665 mg 2 in the morning
2 early afternoon
2 in the evening

Warfarin sodium Tablets (Marevan)
1mg, 3mg, 5mg

Take the daily dose in
the evening as per
INR

Anticoag F/U

Adverse Drug Reactions:
Medication Certainty Severity Description
Aspirin ( as a Generic Medication ) Definitely Moderate GI upset. On clopidogrel

instead

*** End of Summary ***

The contents of this document are confidential and protected by professional privilege. The information is intended only for the
primary care providers of patients who have been managed by the North Metropolitan Area Health Service.  If you are not the
intended recipient, you are hereby notified that any use, reproduction, disclosure or distribution of the information contained in

this document is prohibited.

 

Appendix C  Sample medication list 

 




