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[bookmark: _Toc212199160]Purpose
The purpose of this economic analysis is to evaluate the cost-effectiveness of annual 12-lead ECG screening for AF among adults aged ≥65 years compared with current opportunistic screening practice from the Australian healthcare system perspective. This health economic analysis plan (HEAP) outlines the methods that will be used to analyse the health economic components 
[bookmark: _Toc212199161]
Introduction
Atrial Fibrillation (AF) screening remains underutilized in Australia, with only 10% adults being screened annually (1). The Australian Bureau of Statistics reports that more than 90% of people above the age of 65 years have visited a general practitioner (2), thus representing a missed opportunity for early detection and intervention. The current guidelines recommend opportunistic screening for adults aged 65 years and above (3). However, they do not specify how often to screen. 
Existing Australian studies have mainly evaluated cost-effectiveness of handheld or single lead ECG devices (4, 5), not standard ECGs. Our systematic review (6) identified numerous screening methods and strategies which in comparison to ‘not screening’ were found to be cost-effective in their relevant healthcare settings. However, their applicability to Australia is unknown as the data supporting this cost-effectiveness evidence are dispersed widely across studies, differing systems, and organisations.
Our discrete choice experiment (DCE) found that healthcare professionals prefer more frequent and structured AF screening, suggesting that annual screening may be acceptable, feasible, and sustainable within primary care. Therefore, this economic evaluation aims to assess whether a more structured approach in AF screening can deliver improved health outcomes at a cost that represents good value for money for the Australian health system.
[bookmark: _Toc212199162]




Study Design
This study will use a model-based CEA to evaluate the cost-effectiveness of the AF screening program. The modelling good research practices recommended by the ISPOR-SMDM task force (7-10) will be adhered to in this study. The methodology is proposed according to these recommendations.
A Markov model will be developed based on the findings of our systematic review (6) and a discrete choice experiment (DCE). This model will be used to analyse secondary data from the literature to evaluate the cost and outcomes of screening for AF and how it can be applied to a hypothetical cohort of eligible Australian patients. The model will be used to compare costs and health outcomes for previously undiagnosed patients with AF, undergoing AF screening and will be useful to inform decision making about the allocation of resources to screening programs. 

Intervention
Increased annual screening using 12-Lead ECG for adults aged 65 years. 
Comparator
Opportunistic screening for adults aged 65 years and above using 12-Lead ECG (3).

[bookmark: _Toc212199163]Perspective
The model will take a health system perspective and will include health outcomes and costs to the health system. Cost include AF screening, follow-up care, anticoagulation, acute event costs as well as post-event management costs.
[bookmark: _Toc212199164]
Cycle Length 
In this economic evaluation, monthly cycles will be used to capture the progression of AF. The use of monthly cycles enables us to provide a more precise representation of the short-term transitions between the health states that may clinically occur at irregular intervals. In conditions such as ischemic stroke, ICH, and GI bleed, which are inherently acute conditions and the patient will not remain in that state over an extended period of time. The monthly transitions also align with the length of stay for these conditions. Patients with GI bleeds on NOAC had a significantly shorter hospital stay (11). This suggests that a monthly cycle, with half-cycle corrections applied ensures that over- or underestimation of outcomes do not occur. 
The choice of monthly cycles also aligns with the recommendations provided by ISPOR-SMDM Modelling Good Research Practices Task Force report recommends that the “cycle length should be short enough to represent the frequency of clinical events and interventions” (12). 
[bookmark: _Toc212199166]
Time Horizon
The ISPOR-SMDM Modelling Good Research Practices Task Force report recommends that “the time horizon for the model should be sufficiently large to capture all health effects and costs relevant to the decision problem”. 
A 10-year time horizon was selected for this Markov model evaluating atrial fibrillation (AF) risk and management in a cohort with baseline age of 65 years, based on the following considerations: 
· At age 65, the average life expectancy in Australia is approximately 20.1 – 22.7 years (13).  At a 10-year time horizon, we can capture the highest AF-related morbidity impact. We selected the mid-point to reflect that, at older ages, the relative impact of atrial fibrillation on mortality diminishes as deaths from other causes (i.e., competing risks) become more predominant (14). 
· At age 75+, the CHA₂DS₂-VASc assigns a score of 2 points, reflecting an increased risk of developing stroke, and are recommended thromboprophylaxis (15). 
· The NICE economic evaluation guidelines 4.2.22 recommend that the time horizon should extend long enough to encompass the important variations in clinical and economic consequences of the interventions being compared (16).
[bookmark: _Toc212199167] Discounting 
[bookmark: _Toc212199168]A 5% discount rate per annum will be applied for both costs and health outcomes. This rate reflects the opportunity cost of health-care resources and society’s time preference for current over future benefits. A discount rate of 5% has been a standard for health-economic evaluations, with both costs and benefits discounted at this uniform rate beyond one year (17). 
Cost-effectiveness threshold
In this study, a cost-effectiveness threshold of AU$28,000 per quality adjusted life year will be applied. This value is derived from a study that utilised Australian-specific values to estimate the health systems opportunity costs (18). The mid-point of AU$28,000 per QALY was used as the reference threshold for interpreting whether the AF screening strategy could be considered cost-effective. The cost-effectiveness was also assessed against a WTP threshold of AUD 0 to AUD 50,000. This was based on a recent review of Australian studies where it was reported that 2.5% (12/484) had reported using a WTP less than AUD 28,000, 3.9% (19/482) used AUD 28,000, 5.4% (26/482) used AUD 28,0001- $49,999, and 50.4% reporting a threshold of AUD 50,000 per QALY (19). 
We have therefore assessed the probability of the proposed annual screening being cost-effective based on various WTP thresholds and will be illustrated using a cost-effectiveness acceptability curve (CEAC).
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Model structure
A Markov model will be developed in Tree Age Pro 2022 (20) accounting for cardiovascular complications, medication complications and mortality following an AF screening strategy identified in the DCE. The intervention will be compared to the current practice in Australia for AF screening, which is defined as opportunistic screening via pulse palpation or ECG rhythm strip among adults aged 65 years and older to identify asymptomatic AF cases (3). 
[image: ]
Figure 1. State transition diagram

At cycle 0, the entire cohort starts in the "Eligible for screening" health state, representing adults aged over 65 in Australia who have not been diagnosed with AF. However, only proportion of individuals may be screened for AF annually i.e. every 12 cycles. Those who undergo screening and are diagnosed may transition into either the "AF treated" or "AF untreated" states depending on whether they receive anticoagulation treatment. Individuals in the “Eligible for screening” state are also at risk of experiencing ischemic stroke, intracranial haemorrhage (ICH), gastrointestinal (GI) bleeding, or death without prior AF diagnosis. Those diagnosed and treated (AF treated) may experience complications including ischemic stroke, ICH, or GI bleeding associated with NOAC use, or may die. Similarly, individuals in the AF untreated state are at risk of adverse events without the protective effect of anticoagulation.
Patients who experience ischemic stroke or ICH transition into the “Ischemic stroke” or “ICH” states respectively, and if they survive, move into “Post IS” or “Post ICH” states in the next cycle. These post-event states reflect a chronic condition and include ongoing risks of death or further complications based on hazard functions.
Individuals who experience a GI bleed may either survive and return to a prior AF-related state or die from the bleed. The transition from GI bleed is governed by survival probabilities, differentiated by whether they had AF or not and whether they were on NOACs. All health states allow for the possibility of transition to “Death” from various causes, and once in the “Death” state, individuals remain there permanently. Patients are followed up for a period of 10 years and were allowed to transition between health states every month. For the purpose of this evaluation, it was assumed that once patients entered the health states of Post-stroke or post-major bleed, they might only transition into Death and no other health states. 

[bookmark: _Toc212199170]Key model assumptions
For the purpose of this evaluation, several key assumptions will be made. 
1. The prevalence of known AF in the population 65-84 years was 4.4 % (21). 
2. The accuracy of 12-Lead ECG in identification of AF was 100%. 
3. The current practice arm was assumed to have a 1.64% detection of AF when screened opportunistically, consistent with finding from the SAFE study (22). The annual screening arm was set at 2% per year based on evidence from international screening trials demonstrating consistent improvement in AF detection. 
4. Only 11% of people aged 65 and above are being screened for AF in Australian primary care (23). For the increased screening arm, we assumed an annual screening rate at 40% in the analysis. These assumptions were informed by participation levels in other Australian screening programs, such as the national bowel cancer screening program, where 42% of 6.3 million invited individuals participated in 2022–2023, with a target uptake of 56.6% (24). We used the bowel cancer screening program as a benchmark as it is a well-established, government-funded population screening initiative in Australia. Therefore, it provides a contextually relevant comparison of achievable participation rates. 
5. Only non-vitamin K  antagonist oral anti-coagulants (NOAC) treatment was considered for patients diagnosed with AF as the utilisation of warfarin has declined in Australia (25). These include: Apixaban, Rivaroxaban, Dabigatran which are currently recommended for use in Australia (26). 
6. We assumed that 90% of patients of patients diagnosed with AF would receive NOAC. This aligns with national guidelines 
7. The Australian Clinical guidelines contraindicate the use of NOACs for severe renal impairment (e.g., CrCl < 25 mL/min for apixaban; <30 mL/min for dabigatran, CrCI <15mL/min rivaroxaban), hepatic disease, mechanical heart valves, moderate or severe mitral stenosis, and active or high-risk bleeding, known hypersensitivity to the drug. However, there is no robust Australian estimates specifying the exact proportion of AF patients who are absolutely contraindicated for NOAC therapy based on real-world prevalence. Therefore, it was assumed that 10% of people diagnosed with AF do not receive NOACs.  
8. For patients who experience IS or ICH, the probability of them being fatal was assumed to be the same regardless of whether patients were anticoagulated or untreated prior to the event. Survivors subsequently moved into the corresponding Post-IS or Post-ICH health states. 
9. It was assumed that once patients entered Post-IS or Post-ICH states, they could remain in this state and only transition into death state.
10. The most common type of major bleeding (MB) due to long-term oral anticoagulants is gastrointestinal bleeding (27), therefore the probabilities for gastrointestinal bleeding was considered for the GI bleeding health state. 
11. GI bleeds are acute reversible events with relatively short duration. They cause minimal long-term utility loss (28), and most patients recover fully without lasting functional impairment. Based on literature, approximately 3.3% of patients with a GI bleed experience fatal outcome, meaning 96.7% survive (29). Three separate health states were created to represent GI bleeds occurring in patients with treated AF, untreated AF, and those in sinus rhythm. This distinction was made to account for the higher risk of GI bleeding associated with anticoagulation therapy and to ensure that differences in treatment status were appropriately reflected in the model.
12. Upon diagnosis of AF, patients were assumed to utilise healthcare services including three GP consultations, two pathology investigations, one specialist consultation, and a single echocardiogram annually (5)
13. In the annual screening arm, the cost of AF screening was assumed to include both a GP consultation and a 12-lead ECG. For the current screening practice, the cost was set to zero. This approach is consistent with AF screening trials and economic evaluations, where baseline AF detection through pulse palpation or incidental ECG during routine clinical encounters is regarded as part of standard care and not costed as a dedicated screening programme. A similar assumption was applied in a Danish modelling study, where opportunistic detection under usual care was considered costless (30). Various potential costs for AF screening in the annual screening arm have been modelled in the scenario described below. 
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Data inputs 
[bookmark: _Toc212199172]
Costs
The costs will be reported in 2024 Australian dollars. The CCEMG—EPPI-Centre Cost Converter (31) will be used to inflate the costs when required. If the currency-conversion year was not reported in the study, it was assumed to be one year before the study was published to reflect the time lag associated with study completion and publication.
The costs in this economic analysis have the following components:
[bookmark: _Ref220711548]Table 1. Costs-Codes
	Cost type
	Code
	Unit
	Cost conversions
	Reference


	Cost of 12-Lead ECG
	c_ECG
	Per unit
	Cost of screening
	MBS 11704

	Cost of GP visit for screening
	c_GP_visit_initial
	Per unit
	
	MBS 23

	Cost of apixaban
	c_NOAC_apixaban
	AUD/month
	Average cost for cost of treatment
	10414D

	Cost of Dabigatran
	c_NOAC_dabigatran
	AUD/month
	
	13489Y

	Cost of Rivaroxaban
	c_NOAC_rivaroxaban
	AUD/month
	
	13462M

	Monthly cost of NOAC
	c_NOAC_avg_monthly
	AUD/month
	
	PBS items obtained from NPS MedicineWise, 2021

	3 Gp visits
	c_GP_visits_AF
	AUD/year
	Cost of follow-up
	MBS 36, MBS 23

	2pathology
	c_pathology_AF
	AUD/year
	
	MBS 66512

	1 specialist appointment
	c_specialist_AF
	AUD/year
	
	MBS 110

	Cost of monthly follow up C
	c_followup_monthly
	AUD/month
	
	Derived from above

	1 Echo
	c_echo_AF
	AUD/year
	one time cost
	MBS 55129 

	Cost of acute IS
	c_IS
	AUD/Event
	
	(32)

	Cost of acute ICH
	c_ICH
	AUD/Event
	
	(5, 31)

	Cost of GI bleeding
	c_GI
	AUD/Event
	
	(5, 31)

	Cost of post IS*
	c_post_IS
	AUD/year
	Converted to monthly
	(31, 32)

	Cost of post ICH*
	c_post_ICH
	AUD/year
	
	(31, 32)



[bookmark: _Toc212199173]Utilities 
Previously published information will be to source the utility as shown in Table 2 below. The health utility data ranged from 0 (dead) to 1 (healthy). 
Table 2. Utilities and sources
	Utility type
	Code
	Unit
	Reference

	Well-sinus rhythm 
	u_well_sinus
	QALY
	(33)

	Well with AF
	u_well_AF
	QALY
	(34)

	IS acute
	u_IS
	QALY
	(35)

	Post-IS
	u_post_IS
	QALY
	(35)

	ICH acute
	u_ICH
	QALY
	(36, 37)

	Post -ICH
	u_post_ICH
	QALY
	(36, 37)

	GI bleeding
	u_GI_bleed
	QALY
	(34, 38)



[bookmark: _Toc212199174]Transition Probabilities
Table 3. Transition probabilities codes and sources
	Parameter
	Code
	References

	AF treated  

	Death among stable AF treated patients
	p_AFNOAC_death
	(39)

	Develop IS 
	p_AFNOAC_IS
	

	Develop ICH 
	p_AFNOAC_ICH
	

	Develop GI bleed
	p_AFNOAC_GIbleed
	

	AF untreated  

	Death among stable AF untreated treated patients
	p_AFnoNOAC_death
	(40)

	Develop IS 
	p_AFnoNOAC_IS
	

	Develop ICH
	p_AFnoNOAC_ICH
	

	Develop GI bleed
	p_AFnoNOAC_GIbleed
	

	Sinus rhythm_no known AF 

	Death all cause
	p_well_death
	(41)

	Develop IS1
	p_well_IS
	(42-46)

	Develop ICH2
	p_well_ICH
	(47-49) 

	Develop GI bleed
	p_well_GIbleed
	(40) assumption similar to p_Gibleed_AF_noNOAC

	Develop fatal IS
	p_IS_death
	(50) assumption 

	Develop fatal ICH
	p_ICH_death
	(48)

	Develop a fatal GI bleed.
	p_GI_death
	(29)

	
	
	

	Survival post IS
	
	(51)

	Survival post ICH
	
	(51)
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Other components of the model
Table 4. Other components and codes
	Component
	Code
	Unit
	Reference

	Discount Cost
	disc_cost
	Annual discount rate
	 

	Discount QALY
	disc_qaly
	Annual discount rate
	 

	Time Horizon
	Time
	10 Years
	 

	Number of cycles
	cycles
	Monthly
	 

	Current screening 
	Screening_current
	 11%
	(23)

	Annual screening
	Annual_screen
	Varied 
	Assumption

	Size of cohort
	cohort_size
	 1000
	 

	Tunnel
	tunnel
	12 
	 

	AF detection3
	p_newAF_annual
	2%
	a *

	AF detection current practice
	p_newAF_current
	1.64%
	a * (22)

	Treated with NOAC for AF4
	p_treat
	90%
	a * 

	Not treated for AF
	p_notreat
	10%
	a * 

	Proportion of people in AF treated 
	p_AFNOAC
	 
Annual screen x p_newAF_annual x p_treat

	Proportion of people in AF untreated
	p_AFnoNOAC
	 
Screening_current x p_newAF_current  x p_notreat


a * See Justification below. 




Justifications
1. Justification for why IS and ICH was not split by “AF-treated / AF-untreated / sinus,” but GI bleed was 
In this model, individuals can remain well in one of the three health states-sinus rhythm, AF treated, or AF untreated. Each of these states have their own probability of experiencing IS, ICH, or GI bleed. Although anticoagulation status influences these event risks, all individuals who experience IS or ICH transition into a single acute IS or ICH health state rather than separate event states based on prior anticoagulation status. 
The main effect of anticoagulation is on stroke and bleeding incidence rather than outcomes after the event. Oral anticoagulants reduce the risk of thromboembolic stroke (52), but have minimal influence on post-stroke survival, disability severity, or long-term costs once stroke has occurred. Similarly, although bleeding risk differs by anticoagulant exposure, post-ICH management pathways converge once the event occurs, regardless of prior treatment. Therefore, differentiating IS or ICH states by previous anticoagulation status would not provide meaningful additional clinical or economic insights. 
Including separate IS and ICH states would also increase model complexity and parameter requirements. These would not have unique post-event transition probabilities, costs or utilities. Furthermore, the principle of parsimony suggests that suggests that simpler models should be preferred unless additional complexity significantly improves fit, interpretability, or clinical insight (53, 54). 
Furthermore, the model already assigns treatment-specific event risks before IS or ICH occurs, creating separate post-event states by anticoagulation status risks double-counting treatment effects. This modelling choice aligns with ISPOR-SMDM Good modelling Practices Principle III-9 (55), which state that, "Components of state-transition models that reflect similar clinical courses should not be recreated but rather should be incorporated once and linked to that structure throughout the model." Therefore, post-event transitions are instead modelled using event severity and clinical epidemiology, which aligns with published cost-effectiveness models of AF management and stroke prevention.
On the contrary, GI bleeding has been modelled using three distinct health states - GI bleed in sinus rhythm (no known AF), GI bleed in untreated AF, and GI bleed in treated AF. This distinction was made to account for the higher risk of GI bleeding associated with anticoagulation therapy and to ensure that differences in treatment status were appropriately reflected in the model. GI bleeds are acute reversible events with relatively short duration. They cause minimal long-term utility loss (28), and most patients recover fully without lasting functional impairment. Based on literature, approximately 3.3% of patients with a GI bleed experience fatal outcome, meaning 96.7% survive (29). 
Therefore, if the patient survives a GI bleed, they return to their pre-event state. For example, if an AF-treated patient develops a GI bleed and survives, they would transition back to being treated with AF. Although GI bleeding is a known complication of oral anticoagulation therapy, permanent discontinuation of NOACs after a bleed is generally not recommended. This is because patients with AF remain at ongoing high risk of ischaemic stroke if anticoagulation is not resumed. Studies have shown that resuming anticoagulation reduces the risk of stroke (56, 57) and also support the resumption anticoagulants after a GI bleed when clinically appropriate (58). 

AF detection
Given the lack of evidence on annual incidence of AF in Australia, the current practice arm was assumed to have a 1.64% detection , consistent with findings from the SAFE trial (UK) (22). The annual screening arm was set at 2% per year based on evidence from international screening trials demonstrating consistent improvement in AF detection compared to usual care as shown in Table 5 below.

[bookmark: _Ref220711489]Table 5. AF detection rates
	Study / Author
	Setting
	Screening Method
	Sample Size
	New AF Detected

	Australia

	AF Self-SMART (1)
	General practice waiting rooms (NSW)
	Single-lead handheld ECG (Kardia) – self-screening stations

	1,127
	4.3% 

	AF-SMART II (5)
	Rural general practices (NSW)
	Screening prompt + Single-lead handheld ECG (Kardia Mobile)

	3,103
	1.2% 

	SEARCH-AF (4)
	Community pharmacies (Sydney)
	Single-lead iphone ECG (AliveCor) – pharmacist-led
	1,000
	1.5% (95% CI,0.8 to 2.5%)


	Screening during Flu Clinics (59)
	General practice – nurse-led
	handheld smartphone electrocardiogram (iECG)
	973
	0.8%

	International

	SAFE study (UK)
(22) 
	Control
	12-lead ECG various interpretations
	4513
	1.04%

	
	Opportunistic
	
	4575
	1.64%

	
	Systematic
	
	4562
	1.62%

	
	High risk
	
	1933
	2.18%

	
	High risk screening
	
	4562
	1.16%

	mSToPS (USA)(60)
	Intermediate and delayed screening (after 4 months)
	Self-applied, continuous ECG patch (two 2-week episodes)
	2659
	3.9% vs0.9%

	REHEARSE-AF (UK)
	Twice-weekly single-lead ECG (iECG) for 1 year vs routine care
	AliveCor Kardia monitor attached to a WiFi-enabled iPod to obtain ECGs (iECGs)
	1001 (500 in intervention and 501 in control)
	3.8%

	
	
	
	
	

	
	
	
	
	1%

	STROKE STOP (Sweden)
	Systematic screening: intermittent ECG twice daily for 2 weeks in invited individuals aged 75–76
	Single lead ECG
	14000
	3%

	STROKESTOP II (Sweden)
	>125ng/L NT-ProBNP
	Prolonged screening
	6872
	2.4%




NOAC treatment rates 
We assumed that 90% of patients diagnosed with AF to receive a non–vitamin K antagonist oral anticoagulant (NOAC). Only NOAC treatment was considered for patients diagnosed with AF as the utilisation of warfarin has declined in Australia (25). These include: Apixaban, Rivaroxaban, Dabigatran which are currently recommended for use in Australia (26). This reflects the National Heart Foundation of Australian and Cardiac Society of Australia and New Zealand AF guidelines that recommend NOACs as first-line therapy for stroke prevention in non-valvular AF due to their superior safety profile, lower intracranial haemorrhage risk, and lack of monitoring burden compared with warfarin (3). 
Since their listing in the Pharmaceutical Benefits Scheme, the uptake of NOACs has rapidly increased (25, 61, 62). It has been reported that by 2018, 76.3% of those being prescribed an oral anticoagulant were prescribed Apixaban, Rivaroxaban, or Dabigatran (25)
Similar treatment patterns have been observed in Australian AF screening studies as shown in table 2 below. Therefore, the assumption of 90% NOAC use in the base case is a realistic and evidence-based estimate aligned with current national practice. 
The Australian Clinical guidelines contraindicate the use of NOACs for severe renal impairment (e.g., CrCl < 25 mL/min for apixaban; <30 mL/min for dabigatran, CrCI <15mL/min rivaroxaban), hepatic disease, mechanical heart valves, moderate or severe mitral stenosis, and active or high-risk bleeding, known hypersensitivity to the drug. However, there is no robust Australian estimates specifying the exact proportion of AF patients who are absolutely contraindicated for NOAC therapy based on real-world prevalence. Therefore, it was assumed that 10% of people diagnosed with AF do not receive NOACs.  
*Anti-platelet prescribing was not considered as reports show that there is a steady decline in antiplatelet prescribing in AF patients alone (25).
[bookmark: _Ref215152200][bookmark: _Toc217544035]The Australia based trials and research will be used to guide the oral anticoagulant treatment rates for people diagnosed with AF as demonstrated in Table 6.


[bookmark: _Ref220711551]Table 6. Oral anticoagulant dispensing in Australia
	Study / Author
	Oral Anti-Coagulant prescribed
	Warfarin
	NOAC
	Anti platelet
	OAC not prescribed

	AF Self-SMART (1)
	Avg: 85.5%
	-
	-
	10.25%
	4.25%

	AF-SMART II (5)
	Avg: 81.6%
	-
	-
	6.7%
	11.7%

	SEARCH-AF (4)
	Assuming 100% 
	10%
	90%
	-
	-

	Screening during Flu Clinics (59)
	80.5%
	-
	-
	-
	Some patients were prescribed both, unclear (n=11)



Cost of post ICH
According to Stroke Foundation 2024 report (63), average cost over the first 3 months after an ICH stroke AUD 43,081 in 2023 (AUD 43,398). This included costs such as ambulance costs, emergency department, acute admission, inpatient rehabilitation, aged care, follow-up outpatient services and etc. reflecting the high intensity and resource use during the acute and early subacute recovery phases 
The cost burden reduces as patients transition from hospital to community or home-based care. The Stroke Foundation Report’s age stratified data indicate that between 3-12 months post-stroke, the average per person cost is approximately AUD 11,918 (AUD 12,005 in 2024 values). From 3 months to 5 years, it averages AUD 41,466 (AUD 41,771 in 2024 prices). These figures represent ongoing medical, rehabilitation, and social support expenditures distributed over the long-term recovery phase.  
In the cost-effectiveness study by Orchard et al.(5), the event cost for ICH was reported to be AUD 22,255. This event cost is assumed to cover only the acute episode not inpatient rehab/community care. This value was inflated to 2024 cost of AUD 26,172. This value was subtracted from AUD 43,398 to get a cost AUD 16,909. This value when combined with the 3–12-month cost of AUD 12,005, gives an approximate cost of AUD 28,914 for the first year. Therefore, in a monthly cycle model, the post-ICH would be AUD 2,409 per month. 
Then taking the 3 months to 5 years cost of AUD 41,771 the 3 months to 12 months cost of AUD 12,005 was subtracted. The result would be the approximate cost for 2-5 years which was calculated to be AUD 29,766. Therefore, 29,766÷3 = 9,922 AUD per year (approximately) and AUD 826 per month. 
According to Gleode et al the 2024 inflated cost of AUD 11, 786 per annum from 3-5 years. his value aligns closely with the Australian long-term cost derived above, supporting the plausibility of using an annual cost in the AUD 10,000–12,000 range for the chronic post-ICH phase. Therefore, the average was found to be $1695.5 and the standard deviation was 1008.9
[bookmark: _Toc212199177]
Analysis
A cost-effectiveness analysis will be run once the model is finalised and will be based on a hypothetical cohort of at least 1000 patients. Results will be reported as an incremental cost-effectiveness ratio (ICER) for the screening intervention and comparator. The results will be plotted in a cost-effectiveness plane and a cost-effectiveness threshold of AU$ 28 000 per QALY will be used (18). This ICER will be plotted in a cost-effectiveness plane graph consisting of four quadrants with cost on the Y axis and QALYs on the X axis, relative to the willingness to pay threshold. The location of the ICER within the graph will provide an indication of cost-effectiveness of the intervention being assessed 
The intervention is considered cost-effective if the incremental costs and effects are plotted on the right of the dotted line (maximum WTP) and not cost-effective if plotted on the left.  However, the incremental costs and effects on the SW quadrant is highly unlikely to be taken up as a policy implication (64). 

Uncertainty in economic modelling
Understanding the uncertainty associated with a given policy problem i.e., the probability whether the given decision is the right one, is important in all economic evaluations as there can be substantial uncertainty around the parameter estimates and the structure of Markov model used. To understand the robustness of the model outcomes to the uncertainty of all model parameters, a probabilistic sensitivity analysis (PSA) will be conducted.  This approach has the ability to assess the impact on model results varying all parameters simultaneously. Monte Carlo simulation is a form of PSA which can be incorporated into Markov models (65). 
To reflect the full uncertainty in the input parameters, an appropriate probability distribution is assigned to each parameter. The choice of distribution depends on the nature of the data. For example, transition probabilities must fall between 0 to 1, thus they are best suited for beta distributions, which are also limited to values between 0 and 1. Gamma distributions will be used for cost data inputs.  

The second step of PSA involves using Monte Carlo simulation where the model is run thousands of times using randomly drawn values from each distribution for each parameter. This will result in a large number of ICER values which can be compared to a maximum WTP threshold. The percentage of simulated ICER values which fall below the specified WTP threshold is used to assess the uncertainty.

A scenario analysis, will be used for this study which involves the creation of different hypothetical situations or scenarios to analyse how in certain variables or inputs would affect the outcome of a particular decision or model (66). Scenario analysis can help decision-makers identify risks and opportunities associated with different possible outcomes, which can help them make more informed decisions.
[bookmark: _Toc212199178]Ethical concerns
Ethical clearance is not required as this study is conducted using secondary data. 
[bookmark: _Toc212199179]Study limitation
One of the main limitations of this study is the unavailability of local input data. As input data are retrieved from existing literature, it is expected that data, especially costing data will be limited.  All possible measures will be taken to use the most appropriate data sources for this study. Furthermore, the methodology adopted to retrieve the data will be communicated to the reader in the manuscript and thesis. 
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