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Executive Summary
a. Details of the proposed medical service and its intended use on the MBS
SUBMISSION BACKGROUND AND RATIONALE
Cardiac resynchronisation therapy device capable of defibrillation (CRT-D) implantation is used for treatment of chronic heart failure. The 2006 MSAC assessment report of Implantable Cardioverter Defibrillators (ICD) for Prevention of Sudden Cardiac Death (MSAC Assessment Report 32) recommended the listing of CRT-D implantation on the MBS for patients with moderate to severe chronic heart failure (New York Heart Association (NYHA) class III or IV). Since then, strong evidence from randomised controlled trials (RCTs) has demonstrated that CRT-D implantation significantly reduces the risk of mortality and heart failure (HF) events in patients with mild chronic heart failure (NYHA class II).
PROPOSED CHANGE TO THE MBS LISTING
It is proposed that the current Medicare Benefits Schedule (MBS) listings used for insertion, removal, or replacement of a CRT-D (MBS item 38371) and associated leads (MBS items 38368 and 38354) should be modified to include patients with NYHA class II chronic heart failure despite optimised medical therapy, and who meet all of the following criteria:
· Sinus rhythm
· A LVEF of less than or equal to 30%
· A QRS duration of 150 ms or more 
b. [bookmark: _Toc358382807]Clinical evaluation for the main indication
EFFICACY
Clinical evidence has shown that CRT-D device has greater efficacy than ICD technology in patients with NYHA class II chronic HF despite optimised medical therapy (OMT). In Australian clinical practice, CRT-D devices are most likely to replace ICD technology in this patient population. 
Two pivotal head-to-head, double blind, multicentre, parallel, randomised controlled trials, the RAFT trial and the MADIT-CRT trial, have been published reporting the efficacy of CRT-D compared with ICD in patients with NYHA class II HF despite optimised medical therapy (Tang et al 2010). 
The RAFT trial compared CRT-D and ICD over a long duration of follow up (ie. a maximum of approximately 6 years) and included a patient population highly applicable to the proposed MBS patient population. The primary outcome measured in the RAFT trial was a composite measure of death from any cause or hospitalisation for heart failure. Within the ITT population included in the RAFT trial, death from any cause or hospitalisation for heart failure occurred in 33.2% of participants in the CRT‑D group, compared to 40.3% of participants in the ICD group. CRT-D was estimated to reduce the risk of death or heart failure for hospitalisation by 25% (hazard ratio [HR], 0.75; 95% CI, 0.64 to 0.87; P<0.001). 
In keeping with the findings in the ITT population, within the a priori identified subgroup of patients with NYHA class II heart failure, death from any cause or hospitalisation for heart failure occurred in 27.3% of participants in the CRT‑D group, compared to 34.7% of those in the ICD group. As shown in Figure b-1, CRT-D was estimated to reduce the risk of death, or heart failure for hospitalisation, by 27% (HR, 0.73; 95% CI, 0.61 to 0.88); P = 0.001). At five years, the observed rate of death from any cause, or hospitalisation for heart failure, was 40.0% for CRT-D versus 48.1% for ICD (Tang et al 2010; RAFT CSR).
[bookmark: _Ref358822557][bookmark: _Toc359227892]Figure b-1	Time to death from any cause or hospitalisation for heart failure in the RAFT trial (NYHA class II subgroup)
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Abbreviations: CRT-D, cardiac resynchronisation therapy device capable of defibrillation; ICD, implantable cardioverter-defibrillator
Source: Tang et al (2010), Figure 2A
In the ITT population 186 of 894 (20.8%) participants in the CRT-D group died, compared with 236 of 904 (26.1%) participants in the ICD group. The five-year actuarial mortality rate was 28.6% for the CRT-D group versus 34.6% for the ICD group (HR, 0.75; 95% CI, 0.62 to 0.91; P=0.003). 
Within the subgroup of patients with NYHA class II heart failure, 110 of 708 (15.5%) participants in the CRT-D group died, compared with 154 of 730 (21.1%) participants in the ICD group. Kaplan-Meier estimates of time to death from any cause for the subgroup of patients with NYHA class II heart failure are shown in Figure b-2. At five years, the all-cause mortality rate was 23.7% for CRT-D versus 31.0% for ICD (HR, 0.71; 95% CI, 0.56 to 0.91; P=0.006).
Therefore, for the ITT and the a priori specified NYHA class II HF subpopulation, treatment with CRT-D resulted in significantly lower rates of mortality and hospitalisation for heart failure compared with ICD. 
[bookmark: _Toc359227893]Figure b-2 	Time to death from any cause in the RAFT trial (NYHA class II subgroup)
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Abbreviations: CRT-D, cardiac resynchronisation therapy device capable of defibrillation; ICD, implantable cardioverter-defibrillator
Source: Tang et al (2010), Figure 1C

SAFETY
The two clinical trials, RAFT and MADIT-CRT, provided evidence to suggest that in regards to safety, CRT-D is comparable with ICD. The RAFT trial reported one participant in the ICD arm of the RAFT trial that had died from worsening heart failure within 24 hours of device implantation. During the first 30 days after device implantation, there were 118 device- or implantation-related complications among the 888 participants who received a CRT-D implant, versus 61 among 898 participants in the ICD group. 
In MADIT-CRT, system-related complication-free rate for participants in the CRT-D group was 84.8% with a lower one-sided 95% confidence bound of 82.9%. This was statistically significantly greater the pre-specified safety boundary of 70%, therefore it was concluded that CRT-D systems are safe in patients with NYHA class I or II heart failure, a LVEF of less than 30%, and QRS duration of 130 ms or more (MADIT-CRT CSR). 
The REVERSE and MIRACLE ICD II double blind, multicentre, parallel randomised controlled trials were additionally identified to provide evidence supporting the safety of CRT-D devices. For REVERSE, complication rates did not differ between treatment groups (P=0.64) and were reported for the trial population as a whole. Of the 210 participants who underwent CRT-D implantation in the MIRACLE ICD II trial, 46 participants (22%) experienced 56 complications from the time of implant to discharge.
c. [bookmark: _Toc358382814][bookmark: _Toc358382808]Synthesis with other evidence
SUMMARY OF THE RESULTS OF THE PRE-MODELLING STUDIES AND THEIR APPLICATION TO THE ECONOMIC MODEL
Table c-1 presents a summary of the four pre-modelling issues investigated and the application of the results of these studies in the economic evaluation presented in Section D of this submission.  
[bookmark: _Toc358383810][bookmark: _Toc359227801]Table c-1	Summary of the findings of the pre-modelling studies and their application to the economic evaluation
	Description of pre-modelling issue
	Section C cross-reference
	Findings
	Values used in the economic analysis
	Section D cross-reference

	Applicability of the trial based evidence to the proposed MBS indication and the economic analysis
	Section C.1
	The population that most closely matches the MBS indication sought for CRT-D and the economic evaluation presented herein was presented in the a priori identified NYHA II subgroup of the RAFT trial (Tang et al 2010) 
	Where available, data from the NYHA II a priori identified subgroup of patients in the RAFT trial were used to populate the economic model 
	Section D.1-D.6
Step 1a, 1b, 1c, 2 and 3

	Extrapolation of trial based evidence for all-cause mortality
	Section C.2
	A Weibull function accurately represents the survival of patients treated with an ICD in the RAFT trial. After application of the adjusted hazard ratio favouring CRT-D over ICD (0.71; 95% CI, 0.56-0.91, p=0.006) to the baseline hazard (ICD hazard) the survival benefit expected with CRT-D is also accurately represented.
	A Weibull function (Gamma = 1.36 and Lambda 120.07) is used to represent the baseline hazard (ICD arm) of all-cause mortality in the economic model. The CRT-D all-cause mortality estimates are estimated by application of the adjusted HR (0.71) to the baseline hazard. 
	Section D.1-D.6
Step 1b, 1c, 2 and 3

	
	
	
	An alternative model (exponential) is also fitted to the survival data to ascertain the impact this has on the incremental cost-effectiveness of CRT-D compared to ICD
	Section D.6
(Sensitivity analyses)

	Preference-based health-related quality of life (utility estimates)
	Section C.3
	Utility weight estimates sourced directly from the MADIT-CRT RCT trial (Noyes et al 2013) appear consistent with those reported in other studies that have assessed utility weights in patients with mild chronic heart failure. As these utility weights are derived directly from an RCT comparing the treatments of interest they are simply applied directly to each arm of the economic model.
	Baseline utility applied for first 6 months of economic model in both ICD and CRTD arms = 0.847

Utility weight applied to ICD arm from > 6 months = 0.876
 
Utility weight applied to CRT-D arm from > 6 months = 0.883
	Section D.1-D.6
Step 1c, 2 and 3

	Cost of optimised medical therapy
	Section C.4
	The annual cost of optimised medical therapy has been estimated using the methodology described in MSAC Assessment Report 32.
	Annual cost of OMT applied to both arms of the economic model = $529.61
	Section D.1-D.6
Step 1a, 1b, 1c, 2 and 3


Abbreviations:CI,confidence interval;  CRT-D, cardiac resynchronisation therapy device capable of defibrillation; HR, hazard ratio; ICD, implantable cardioverter defibrillator; MBS, Medicare Benefits Scheme; MSAC, Medical Services Advisory Committee; NYHA, New York Heart Association; OMT, optimised medical therapy; RCT, randomised controlled trial

d. Economic evaluation for the main indication
COST PER PATIENT
The cost per patient of a successful CRT-D or ICD implantation is presented in a disaggregated form in Table d-1. The table also presents the bearer of each cost and the source of the cost estimate employed in the analysis. 
The total cost of a successful CRT-D implantation procedure is $75,060.32 of which $2027.73 is incurred by Medicare and private health insurers for medical service fees. 
The total cost of a successful ICD implantation procedure is $63,424.33 of which $1489.11 is incurred by Medicare and private health insurers for medical service fees. 
[bookmark: _Toc359227802]Table d-1	Total cost per patient of a successful CRT-D or ICD implantation
	Resource type
	Unit price
	Quantity (no)
	% of fee claimablea
	Cost per procedure
	Bearer of cost
	Source

	Successful CRT-D implant procedure
	
	
	
	
	
	
	
	
	
	
	
	
	

	Medical services
	
	
	
	
	
	

	Insertion of LV lead (transvenous)b
	$1,224.60
	0.937
	100%
	$1,147.14
	MBS/PHI
	MBS 38368

	Insertion of LV lead (epicardial)b
	$1,224.60
	0.063
	100%
	$77.46
	MBS/PHI
	MBS 38654 

	Insertion of defibrillator lead
	$1,052.65
	1
	50%
	$526.33
	MBS/PHI
	MBS 38384

	Insertion of pacemaker lead
	$638.65
	1
	25%
	$159.66
	MBS/PHI
	MBS 38350

	Insertion of CRT-D generator
	$287.75
	1
	25%
	$71.94
	MBS/PHI
	MBS 38371

	Average cost of general anaesthesia (as reported in DAP)c
	$226.00
	0.2
	100%
	$45.20
	MBS/PHI
	DAP

	Hospital services
	
	
	
	
	
	

	Hospitalisation for CRT-D implantation
	$5,388.03
	1
	NA
	$5,388.03
	Private hospitals
	Table D.4 5


	System components
	
	
	
	
	
	

	LV lead
	$6,240.00
	1
	NA
	$6,240.00
	PHI
	Table D.4 2



	Defibrillation lead
	$9,000.00
	1
	NA
	$9,000.00
	
	

	Pacemaker lead
	$1,262.80
	1
	NA
	$1,262.80
	
	

	CRT-D generator
	$51,141.76
	1
	NA
	$51,141.76
	
	

	Total cost per successful CRT-D implantation procedure
	
	
	
	$75,060.32
	
	

	Successful ICD implant procedure
	-
	-
	-
	-
	-
	-

	Medical services
	
	
	
	
	
	

	Insertion of defibrillator lead
	$1,052.65
	1
	100%
	$1,052.65
	MBS/PHI
	MBS 38384

	Insertion of pacemaker lead
	$638.65
	1
	50%
	$319.33
	MBS/PHI
	MBS 38350

	Insertion of ICD generator
	$287.75
	1
	50%
	$71.94
	MBS/PHI
	MBS 38387

	Average cost of general anaesthesia (as reported in DAP)c
	$226.00
	0.2
	100%
	$45.20
	MBS/PHI
	DAP

	Hospital services
	
	
	
	
	
	

	Hospitalisation for ICD implantation
	$4,863.52
	1
	NA
	$4,863.52
	Private hospitals
	Table D.4 5


	System components
	
	
	
	
	
	

	ICD generator
	 $45,158.60
	1
	NA
	 $46,808.89
	PHI
	Table D.4 2



	Defibrillation lead
	$9,000.00
	1
	NA
	$9,000.00
	
	

	Pacemaker lead
	$1,262.80
	1
	NA
	$1,262.80
	
	

	Total cost per ICD implantation procedure
	-
	-
	-
	$63,424.33
	-
	-


Abbreviations: DAP, Decision Analytic Protocol; ICD, implantable cardioverter-defibrillator; LV, left ventricular; MBS, Medicare Benefits Schedule; PHI, Private health insurer
Source: Medicare Benefits Schedule (1 May 2013), DAP for MSAC Application 1223, Private Sector National Cost Weights Cost Collection Report for AR-DRG v 5.1, Round 13 (2008-09),  see ‘CRT-D implant costs’ worksheet of <CRT-D supportive calculations.xlsx> for full details of calculations.
a	The percentage of fee claimable is determined in accordance with the MBS Multiple Operation Rule (Table D‑9).
b	Proportion of patients receiving transvenous or epicardial insertion of the left ventricular lead is estimated in Table D‑10.
c	Based on clinical opinion it is assumed that 20% of patients undergoing CRT-D implantation will receive general anaesthesia and therefore require medical services performed by an anaesthetist. The average cost of an anaesthetist delivering general anaesthetic during CRT-D implantation is sourced from the Consultation DAP for MSAC Application 1223.
OVERVIEW OF THE ECONOMIC EVALUATION
The clinical evaluation presented previously demonstrates that CRT-D implantation significantly reduces the risk of all-cause mortality, cardiovascular mortality, and hospitalisation for heart failure, compared to ICD implantation, in the proposed patient population. Based on the fact that CRT-D has been shown to be clearly superior to ICD in direct head-to-head randomised controlled trials in terms of efficacy, the economic evaluation has been conducted as a cost-utility analysis that assesses the incremental cost-effectiveness of CRT-D compared to ICD. 
A supplementary analysis in which all preference-based health-related quality of life weighting (utility) of survival was removed from the base case analysis (ie. a cost per life-year-saved analysis) was also performed. 

The economic evaluation was developed in three discrete steps, presenting an incremental cost-effectiveness ratio (ICER) of CRT-D relative to ICD in each step. These steps are described below.

Step 1a

This step is a trial-based economic evaluation that estimates the incremental cost per death avoided for CRT-D compared with ICD over a 60-month period. This step uses the unadjusted 60 month survival data reported in NYHA II patients in the RAFT trial for each arm of the economic model (Tang et al 2010). This step includes direct initial intervention costs (i.e. costs associated with CRT-D implantation, ICD implantation and optimal medical therapy), follow-up monitoring costs, costs associated with hospitalisation for heart failure, and costs associated with device-related hospitalisations. Discounting is not applied in this analysis. 
Step 1b
This step is identical to Step 1a except that the proportion of patients dying over the 60-month period is determined using a Weibull function to determine the baseline hazard of death in the ICD arm. The probability of death in this analysis is estimated in the CRT-D arm using the baseline hazard for the ICD modified by the adjusted all-cause mortality hazard ratio reported for the a priori identified NYHA II subgroup (HR, 0.71; 95% CI, 0.56 to 0.91; P=0.006). Discounting is not applied in this analysis. 
Step 1c
This step is identical to Step 1b except that the outcome measures generated by the model in this step are converted into quality-adjusted life-years (QALYs). In this way the model generates an incremental cost per additional QALY gained for CRT-D treatment when compared to ICD treatment over a 60 month time horizon. Discounting of both costs and effects are applied in this analysis.
Step 2
This step is identical to Step 1c except that the time horizon of the economic analysis is extended to 20 years to provide a more complete description of the mean benefits CRT-D treatment offers over ICD treatment. This analysis also captures the cost of generator replacement due to battery depletion. Discounting of both costs and effects are applied in this analysis.
Step 3 (base case)
This step is identical to Step 2 except that the time horizon of the economic analysis is set to a life time analysis (a maximum cohort age of 100 years) to provide a more complete description of the mean benefits CRT-D treatment offers over ICD treatment over the cohort’s lifetime. Step 3 is the base-case economic evaluation. It builds on Step 2 by extrapolating health outcomes and health care resource use over the lifetime of the model cohort. This step captures the long-term costs and consequences associated with CRT-D implantation, compared to ICD implantation. Discounting of both costs and effects are applied in this analysis.
A Markov cohort model was used to estimate costs and quality adjusted life years (QALYs) associated with CRT-D implantation, compared to ICD implantation, in patients with NYHA class II heart failure, who have sinus rhythm, a LVEF of less than or equal to 30%, and a QRS duration of 150 ms or more, despite optimised medical therapy. The base case analysis explored the cost-effectiveness of CRT-D over ICD over the patient’s lifetime. A 5% discount rate was used for both costs and benefits and a health care system perspective was used in the model.
Clinical inputs were derived from the RAFT trial, while economic inputs were derived from the May 2013 Medicare Benefits Schedule (MBS), the May 2013 Pharmaceutical Benefits Schedule (PBS), and the National Hospital Cost Data Collection Cost Weights for Australian Refined Diagnosis Related Groups (AR-DRGs; Round 13, 2008-2009).
RESULTS: INCREMENTAL COSTS AND EFFECTIVENESS 
Table d-2 presents the incremental cost-effectiveness ratio (ICER) estimates for each step of the economic analysis. In the base case analysis CRT-D is shown to be economically attractive compared to ICD at $27,737.11 per additional quality-adjusted life-year gained. 
The base case economic analysis was most sensitive to changes in the estimates of all-cause mortality benefits associated with CRT-D treatment, the cost and duration of generator replacement due to battery depletion and the preference-based health-related quality of life estimates applied in the analysis. Regardless, when reasonable extremes of these input parameters were applied to the analysis CRT-D remained economically attractive. 
[bookmark: _Toc358383832][bookmark: _Toc359227803]Table d-2	Incremental cost-effectiveness by model step 
	Resource item description
	CRT-D
	ICD
	Incremental

	Step 1a (Cost per death avoided at 60 months)
	
	
	

	Cost
	$83,049.65
	$70,688.15
	$12,361.50

	Effect (% Deaths)
	23.7%
	31.0%
	7.3%

	Cost per death avoided
	$169,335.60

	Step 1b (Cost per death avoided at 60 months)
	
	
	

	Cost
	$83,204.91
	$70,849.26
	$12,355.65

	Effect (% Deaths)
	24.1%
	32.2%
	8.1%

	Cost per death avoided
	$152,621.27

	Step 1c (Cost per QALY at 60 months)
	
	
	

	Cost
	$82,288.57
	$70,052.23
	$12,236.34

	Effect (QALYs)
	3.500
	3.332
	0.169

	Cost per QALY
	$72,422.51

	Step 2 (Cost per QALY at 20 years)
	
	
	

	Cost
	$136,148.01
	$105,366.71
	$30,781.30

	Effect (QALYs)
	6.784
	5.781
	1.003

	Cost per QALY
	$30,704.02

	Step 3 (Cost per QALY lifetime – base case)
	
	
	

	Cost
	$138,665.26
	$106,138.92
	$32,526.34

	Effect (QALYs)
	7.059
	5.886
	1.173

	Cost per QALY
	$27,737.11


Abbreviations: CRT-D, cardiac resynchronisation therapy device capable of defibrillation; ICD, implantable cardioverter defibrillator; QALYs, quality-adjusted life-years

Table d-3 presents a supplementary analysis in which all preference-based health-related quality of life weighting (utility) of survival is removed from the base case analysis (ie. a cost per life-year-saved analysis). This analysis generates an ICER of $25,445.66 per life-year-saved for CRT-D compared to ICD over the cohort’s lifetime. This is a similar estimate to that generated by Step 3, albeit using a different outcome metric.

[bookmark: _Toc358843554]Table d-3	Supplementary cost-effectiveness analysis 1 (cost per life year saved) 
	Resource item description
	CRT-D
	ICD
	Incremental

	Supplementary economic analysis 1
	
	
	

	Cost
	$138,665.26
	$106,138.92
	$32,526.34

	Effect (Life-years-saved)
	 8.012
	6.734
	1.278

	Cost per life year saved
	$25,445.66



e. Estimated extent of use and financial implications
UTILISATION
The net financial impact of implementing the reimbursement of CRT-D through the MBS was calculated using a market-share approach and was based on the comparison of two different scenarios:  
· Scenario 1: CRT-D is reimbursed for patients with NYHA II heart failure with sinus rhythm LVEF of less than or equal to 30% and a QRS of 150 ms or more (i.e., world with CRT-D).
· Scenario 2: CRT-D is not reimbursed in this population (i.e., world without CRT-D).
To estimate market share, and what proportion of patients would receive CRT-D, seven KOLs were asked to estimate the proportion of patients that are currently eligible to receive MBS item 38387 that would meet the criteria to receive CRT-D (NYHA class II patients with a LVEF of less than or equal to 30%, and a QRS duration of 150 ms or more). Estimates ranged from 10% to less than 40% of patients, with 20% the most common response. Therefore, in the base case analysis, it was estimated that 20% of patients receiving MBS item 38387 would receive CRT-D. A sensitivity analysis is presented with the upper and lower ranges of estimates. The number of patients who received an ICD in Australia, reimbursed through the MBS, was 742 in 2012. This number of patients is expected to grow to 1208 by 2018, and therefore the number of patients expected to be treated with CRT-D would be 242 in 2018. 
The overall net financial impact to healthcare is presented in Table e-1. The financial impact of introducing the CRT-D onto the MBS would be $73,972 in 2014 and grow to $97,582 in 2018 of which a portion would be funded by private health insurers. The net financial impact to healthcare is $2,064,177 in 2014 which is expected to increase to $2,722,999 in 2018. The device costs incurred by private health insurers’ accounts for approximately 90% of the total net financial impact of reimbursing CRT-D in the newly proposed MBS indication.  
[bookmark: _Toc359227804]Table e-1	Projected patient numbers and net Cost to healthcare
	Description
	2014
	2015
	2016
	2017
	2018

	Number of patients treated with CRT-D
	183
	198
	212
	227
	242

	Net cost of medical services to the MBS and private health insurers
	$73,972
	$79,875
	$85,777
	$91,680
	$97,582

	Net cost to private hospitals
	$96,114
	$103,783
	$111,452
	$119,122
	$126,791

	Net cost to private insurers through prostheses list
	$1,894,090
	$2,045,224
	$2,196,358
	$2,347,492
	$2,498,626

	Net total cost to healthcare
	$2,064,177
	$2,228,882
	$2,393,588
	$2,558,293
	$2,722,999


NB. Rounding applies
Abbreviations: MBS, Medicare Benefits Schedule

CONCLUSIONS
The clinical evaluation presented herein has demonstrated that CRT-D implantation significantly reduces the risk of all-cause mortality, cardiovascular mortality, and hospitalisation for heart failure, while displaying comparable safety compared to ICD implantation, in the proposed patient population. Further, a formal cost-utility analysis has shown that the CRT-D technology is cost-effective costing $27,737 per additional quality-adjusted life-year gained. These benefits come at a small financial impact to the MBS and starting at $73,972 in 2014 and growing to $97,582 in 2018 of which a portion would be funded by private health insurers.



[bookmark: _Toc359248725]Abbreviations
6MWD		6-minute walk distance
ACE		angiotensin-converting-enzyme
AE		adverse event
AF		atrial fibrillation
ANOVA		analysis of variance
ARB		angiotension II receptor blocker
AR-DRG		Australian Refined Diagnosis Related Groups
BNP		B-type natriuretic peptide
CABG		coronary artery bypass graft
CI		confidence interval
CO		crossover
COPD		chronic obstructive pulmonary disease
CRT-D		cardiac resynchronisation therapy device capable of defibrillation
CRT-OFF	cardiac resynchronisation not activated
CRT-ON		cardiac resynchronisation activated
CRT-P		cardiac resynchronisation therapy pacemaker
CUA		cost-utility analysis
DAP		Decision Analytic Protocol
DB		double blind
ECG		electrocardiography
EQ-5D		EuroQol-5 Dimensions
FU		Follow up
HR		hazard ratio
HRQoL		health-related quality of life
HUI3		health utilities index mark 3
ICD		implantable cardioverter-defibrillator
ICER		Incremental cost-effectiveness ratio
ITT		intention-to-treat
IVMD		intraventricular mechanical delay
JVP		jugular venous pressure
KCCQ		Kansas City Cardiomyopathy Questionnaire
KM		Kaplan Meier
LBBB		left bundle branch block
LOCF		lost observation carried forward
LV		left ventricular
LVEDV		left ventricular end diastolic function
LVEDVI		left ventricular end diastolic volume-index
LVEF		left ventricular ejection fraction
LVESV		left ventricular end systolic function
LVESVI		left ventricular end systolic volume-index
LYS		life year saved
MBS		Medicare Benefits Schedule
MC		multicentre
MCID		minimal clinically important difference
MI		myocardial infarction
MLWHF	Minnesota Living with Heart Failure Questionnaire
MMRM		mixed methods repeated measures
ms		milliseconds
MSAC		Medical Services Advisory Committee
NA		not applicable
NICE		National Institute for Health and Care Excellence
NIVCD		non-specific intraventricular conduction delay
NR		not reported
NT-proBNP	N-terminal prohormone of brain natriuretic peptide
NYHA		New York Heart Association
OMT		optimal medical therapy
PBS		pharmaceutical benefits scheme
PG		parallel group
PGA		Patient’s Global Assessment
PICO		Population
PL		Prostheses List
PND		paroxysmal nocturnal dyspnoea
PP		per-protocol
QALY		Quality adjusted life year
R		randomised
RA		right atrial
RCT		randomised controlled trial
RR		relative risk
RV		right ventricular
SAE		serious adverse event
SCD		sudden cardiac death
SD		standard deviation
SEM		standard error of the mean
SF-36		Short Form 36 Health Survey
SF-6D		Short Form 6 dimensions
SG		standard gamble
SRC		system-related complication
TGA		Therapeutic Goods Administration
TTO		time-trade-off
VCO2/VO2	respiratory gas exchange ratio
VO2		peak oxygen consumption
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[bookmark: _Ref358816998][bookmark: _Toc359248727]Details of the proposed medical service and its intended use on the MBS
A.1 [bookmark: _Toc357688855][bookmark: _Toc359248728]Items in the Decision Analytic Protocol
This application assesses the safety, effectiveness and cost-effectiveness of implantation of a cardiac resynchronisation therapy device capable of defibrillation (CRT-D) in New York Heart Association (NYHA) class II heart failure patients (with sinus rhythm, a left ventricular ejection fraction (LVEF) of less than or equal to 30%, and a QRS duration of greater than or equal to 150 ms). It is based on a Decision Analytic Protocol (DAP) provided by the Protocol Advisory Sub Committee of the Medical Services Advisory Committee (MSAC).
Three research questions are presented on page 43 of the final Decision Analytic Protocol (DAP). Each research question along with a brief discussion of the information currently available to address that question is presented below. 
Research question 1
What is the safety, effectiveness, and cost-effectiveness of a CRT-D in NYHA class II heart failure patients (with sinus rhythm, LVEF of no more than 30%, and a QRS duration of 150 ms or greater) compared with ICD? 
This research question identifies the patient population that is the primary focus of this submission.  
Research question 2
What is the safety, effectiveness, and cost-effectiveness of a CRT-D in NYHA class II heart failure patients (with LVEF of no more than 30%, and a QRS duration of 150 ms or greater) with atrial fibrillation compared with ICD?
This research question identifies a sub-population of patients. Research into the benefits of CRT-D in this patient population is ongoing and the benefits of CRT-D treatment compared with ICD treatment in this patient population are preliminary in nature at this stage. The Sponsors wish to indicate that they are not seeking reimbursement in this patient population at this time. 
Research question 3
What is the safety, effectiveness, and cost-effectiveness of a CRT-D in NYHA class II heart failure patients (with sinus rhythm, LVEF of less than or equal to 35%, and a QRS duration of 150 ms or greater) compared with ICD?
This research question identifies a slightly broader patient population than presented in research question 1.There is compelling evidence which lead to the current MBS item for CRT-D in patients with LVEF< 35%  (albeit in NYHA Class III/IV) and the current submission is built upon strong clinical evidence for CRT-D in patients with LVEF <30%. While NYHA Class II patients with LVEF between 30 and 35% have not specifically been the focus of clinical trials, there is no evidence to indicate that these patients would not benefit from CRT-D therapy.  
Other items 
The final DAP appears to have different reimbursement fees listed for the current and proposed MBS Item numbers. The correct values are listed in Table A‑2, Table A‑4 and Table A‑6 of this submission. The Sponsor respectfully requests that these values be corrected.  
The final DAP has omitted the VIVA range of CRT-D devices (Medtronic) which have recently been included on the prosthesis list. The Sponsor respectfully requests that this omission is rectified. 

A.2 [bookmark: _Toc357688856][bookmark: _Toc359248729]Proposed medical service
The proposed medical service is a surgical procedure for the insertion, replacement, or removal of a CRT-D in patients with mild chronic heart failure (NYHA class II) who meet certain criteria. This intervention is currently listed on the Medicare Benefits Schedule (MBS) for patients with moderate to severe disease (NYHA class III or IV) (MBS item numbers 38371, 38368 and 38654).
A.2.1 [bookmark: _Toc357688857][bookmark: _Toc359248730]Health problem to be addressed
The 2006 MSAC assessment report of Implantable Cardioverter Defibrillators for Prevention of Sudden Cardiac Death (MSAC Assessment Report 3254) recommended the listing of CRT-D implantation on the MBS for patients with moderate to severe chronic heart failure (NYHA class III or IV). Since then, strong evidence from randomised controlled trials (RCTs) has demonstrated that CRT-D implantation significantly reduces the risk of mortality and heart failure events in patients with mild chronic heart failure (NYHA class II) and a LVEF of less than or equal to 30%. The clinical efficacy of CRT-D appears to be greatest in patients with a QRS duration of 150 ms or more (Section B).
This application seeks to align the MBS listings for insertion, removal and replacement of a CRT-D with the National Heart Foundation of Australia and Cardiac Society of Australia and New Zealand Guidelines for the Prevention, Detection and Management of Chronic Heart Failure in Australia (NHFA/CSANZ 201159). 
Specifically, it is proposed that the current MBS listings used for insertion, removal, or replacement of a CRT-D and associated leads should be modified to include patients with NYHA class II chronic heart failure despite optimised medical therapy, and who meet all of the following criteria:
· Sinus rhythm
· A LVEF of less than or equal to 30%
· A QRS duration of 150 ms or more 
These patients experience symptoms such as fatigue, palpitation, dyspnoea or angina pectoris, as a result of ordinary physical activity. The presence of sinus rhythm indicates that they do not have AF, a LVEF of less than or equal to 30% indicates severe left ventricular systolic dysfunction (LVSD), and a QRS duration greater than or equal to 150 ms indicates prolonged intraventricular conduction delay. These patients have impaired quality of life and a high risk of death from cardiovascular causes. Current clinical practice guidelines recommend considering CRT-D implantation to reduce the risk of mortality and heart failure progression in this patient group (NHFA/CSANZ 201159; European Society of Cardiology 201228; ACCF/AHA/HRS 20125). Slowing the progression of heart failure disease using CRT-D is also likely to reduce morbidity and improve patient preference-based health-related quality of life (utility) and reduce the costs associated with worsening heart disease.
A.2.2 [bookmark: _Ref356389369][bookmark: _Toc357688858][bookmark: _Toc359248731]Description of the proposed medical service
CRT-D implantation typically involves insertion of a small battery-powered electrical impulse generator in the upper chest, with placement of three electrode leads that connect the generator to the heart. The right atrial lead is used for sensing and pacing; the right ventricular lead is used for sensing, pacing, defibrillation and/or cardioversion; and the left ventricular lead is used for cardiac resynchronisation. All three leads are inserted into the heart via the subclavian vein (or the cephalic or internal jugular vein in some cases), however specialised techniques are required to thread the left ventricular lead through the coronary sinus, and correctly position this lead inside a coronary vein.
The specific medical services that will be used for insertion, removal, or replacement of a CRT-D device in the requested MBS population are the same as those currently used for insertion, removal, or replacement of a CRT-D device in patients with NYHA class III or IV heart failure (MBS item numbers 38371, 38368, 38354, and 38350). All aspects of service delivery, including the clinical setting, staff requirements, equipment, facilities, and location will remain the same. As in current practice, the insertion, removal or replacement of a CRT-D device will be performed by a group of professionals, which may include an electrophysiologist, radiographer, cardiologist, cardiac surgeon, circulating nurse or scrub nurse. 
Ordinarily, CRT-D generators are only replaced when the battery is exhausted, or at the clinicians discretion. Current implanted device batteries typically last between 5 and 8 years, depending on the demand for pacing, resynchronisation, and defibrillation in a particular patient. Complications such as lead dislodgement or lead failure occur infrequently.
A.2.3 [bookmark: _Toc357688859][bookmark: _Toc359248732]Registration status
All CRT-D systems are intended to provide atrial pacing and/or ventricular antibradycardia and/or antitachycardia pacing, cardioversion, and defibrillation for automated treatment of atrial and/or life-threatening ventricular tachyarrhythmias, as well as biventricular pacing for cardiac resynchronisation therapy. The registration details of CRT-D generators and electrode leads that are currently listed on the Australian Register of Therapeutic Goods (ARTG) are summarised in Appendix A. All current and future CRT-D generators or leads are likely to be implanted using the medical services described above. Current and future CRT-D generators and leads that are not specifically listed on the ARTG should not be excluded from the MBS if their indication for use includes patients with NYHA II heart failure. Biotronik, Boston Scientific, Medtonic and St Jude Medical do not promote the use of their products outside the approved labelling. 
The registered indications for CRT-D products in Australia are as follows: 
· Biotronik CRT-D devices are indicated for treating life-threatening ventricular arrhythmias with antitachycardia pacing and defibrillation. Triple-chamber devices are indicated for patients with risk of sudden cardiac death caused by ventricular arrhythmias and risk of congestive heart failure with ventricular asynchrony. They are also indicated for primary prophylaxis in congestive heart failure patients.
· Boston Scientific CRT-D devices are indicated for patients with moderate to severe heart failure (NYHA III/IV) who remain symptomatic despite stable, optimal heart failure drug therapy and have LVEF ≤ 35% and QRS duration ≥ 120 ms. Boston Scientific is in the process of updating the registration labeling for CRT-D devices to include patients with mild heart failure (NYHA II) who remain symptomatic despite stable, optimal heart failure drug therapy and have LVEF ≤ 30% and QRS duration ≥ 150 ms.
· Medtronic CRT-D devices are indicated for use in patients who are at high risk of sudden death due to ventricular tachyarrhythmias and who have heart failure with ventricular dyssynchrony. These devices are intended to provide atrial and/or ventricular antitachycardia pacing, cardioversion, and defibrillation for automated treatment of atrial and/or life-threatening ventricular tachyarrhythmias.
· St Jude Medical CRT-D devices are intended to provide ventricular antitachycardia pacing and ventricular defibrillation for automated treatment of life-threatening arrhythmias.  CRT-D devices are also intended to resynchronise the right and left ventricles in patients with congestive heart failure. 
Appendix 2 provides a full list of the CRT-D generators and leads that are currently included on the Prosthesis List. The differences in the benefits associated with specific CRT-D system components reflect the fact that some components provide advanced functionality (e.g. auto test sensing parameters, auto capture threshold testing, lead impedance testing, or wireless remote analysis). All devices are inserted, removed, and replaced using the medical services described in Section A.2.2.
A.3 [bookmark: _Toc357688860][bookmark: _Toc359248733]Current and proposed arrangements for public reimbursement
Insertion, removal or replacement of CRT-D generator
Medical services relating to the insertion, removal, or replacement of a CRT-D generator are currently reimbursed under MBS item number 38371, for patients with NYHA class III or IV heart failure, who have sinus rhythm , a LVEF of less than or equal to 35%, and a QRS duration of 120 ms or more, despite optimised medical therapy.
It is proposed that this MBS item number should be modified to also include patients with NYHA class II heart failure despite optimised medical therapy, and who meet all of the following criteria:
· Sinus rhythm
· A LVEF of less than or equal to 30%
· A QRS duration greater than or equal to 150 ms
The current and proposed MBS item descriptors for the insertion, removal, or replacement of a CRT‑D generator are shown in Table A‑1 and Table A‑2.
[bookmark: _Ref349288231][bookmark: _Toc349677056][bookmark: _Toc354394627][bookmark: _Toc357688872][bookmark: _Toc358835244][bookmark: _Toc359227805][bookmark: _Toc359248822]Table A‑1	Current MBS item descriptor for insertion, removal, or replacement of a CRT-D generator
	Category 3 – Therapeutic procedures

	MBS 38371 
PERMANENT CARDIAC SYNCHRONISATION DEVICE CAPABLE OF DEFIBRILLATION, insertion, removal or replacement of, for patients who have moderate to severe chronic heart failure (NYHA class III or IV) despite optimised medical therapy and who meet all of the following criteria:
· sinus rhythm
· a left ventricular ejection fraction of less than or equal to 35%
· a QRS duration greater than or equal to 120 ms.

Multiple Services Rule (Anaes.) 
Fee: $287.85 Benefit: 75% = $215.90 85% = $244.70

Item 38371 applies only to patients who meet the criteria listed in the item descriptor, and to patients who do not meet the criteria listed in the descriptor but have previously had a CRT device capable of defibrillation inserted and who prior to its insertion met the criteria and now need the device to be replaced.


Source: Medicare Benefits Schedule, May 20139
[bookmark: _Ref349286603][bookmark: _Toc349677061][bookmark: _Toc354394632][bookmark: _Toc357688873][bookmark: _Toc358835245][bookmark: _Toc359227806][bookmark: _Toc359248823]Table A‑2	Proposed MBS item descriptor for insertion, removal, or replacement of a CRT-D generator
	Category 3 – Therapeutic procedures

	MBS 38371 (proposed)
PERMANENT CARDIAC SYNCHRONISATION DEVICE CAPABLE OF DEFIBRILLATION, insertion, removal or replacement of, for patients who have moderate to severe chronic heart failure (NYHA class III or IV) despite optimised medical therapy and who meet all of the following criteria:
· sinus rhythm
· a left ventricular ejection fraction of less than or equal to 35%
· a QRS duration greater than or equal to 120 ms.

And for patients who have mild chronic heart failure (NYHA class II) despite optimised medical therapy and who meet all of the following criteria:
· sinus rhythm
· a left ventricular ejection fraction of less than or equal to 30%
· a QRS duration greater than or equal to 150 ms.

Multiple Services Rule (Anaes.)
Fee: $287.85 Benefit: 75% = $215.90 85% = $244.70

Item 38371 applies only to patients who meet the criteria listed in the item descriptor, and to patients who do not meet the criteria listed in the descriptor but have previously had a CRT device capable of defibrillation inserted and who prior to its insertion met the criteria and now need the device to be replaced.



Insertion, removal or replacement of the left ventricular electrode lead
Medical services relating to the insertion, removal, or replacement of the left ventricular electrode lead are also reimbursed for patients with NYHA class III or IV heart failure, who have sinus rhythm , a LVEF of less than or equal to 35%, and a QRS duration of 120 ms or more, despite optimised medical therapy. MBS item number 38368 covers transvenous insertion, removal or replacement of a left ventricular electrode lead via the coronary sinus and MBS number 38654 covers insertion, removal or replacement of a left ventricular electrode lead via open thoracotomy. Both of these item numbers can be used in conjunction with MBS item number 38371 for CRT-D implantation, therefore both will need to be modified to also include patients with NYHA class II heart failure. The current and proposed MBS item descriptors for MBS item numbers 38386 and 38354 are shown below.
[bookmark: _Ref349289706][bookmark: _Toc349677057][bookmark: _Toc354394628][bookmark: _Toc357688874][bookmark: _Toc358835246][bookmark: _Toc359227807][bookmark: _Toc359248824]Table A‑3	Current MBS item descriptor for transvenous insertion, removal or replacement of a left ventricular electrode lead via the coronary sinus
	Category 3 – Therapeutic procedures

	MBS 38368 
PERMANENT TRANSVENOUS LEFT VENTRICULAR ELECTRODE, insertion, removal or replacement of through the coronary sinus, for the purpose of cardiac resynchronisation therapy, for patients who have moderate to severe chronic heart failure (NYHA class III or IV) despite optimised medical therapy and who meet all of the following criteria:
· sinus rhythm
· a left ventricular ejection fraction of less than or equal to 35%
· a QRS duration greater than or equal to 120 ms.

Where the service includes right heart catheterisation and any associated venogram of left ventricular veins. Not being a service associated with a service to which item numbers 38200 and 35200 apply.

Multiple Services Rule (Anaes.)
Fee: $1224.60 Benefit: 75% = $918.45

Item 38368 applies only to patients who meet the criteria listed in the item descriptor, and to patients who do not meet the criteria listed in the descriptor but have previously had a CRT device and transvenous left ventricular electrode inserted and who prior to its insertion met the criteria and now need the device to be replaced.


Source: Medicare Benefits Schedule, May 20139
[bookmark: _Ref348269088][bookmark: _Toc349677062][bookmark: _Toc354394633][bookmark: _Toc357688875][bookmark: _Toc358835247][bookmark: _Toc359227808][bookmark: _Toc359248825]Table A‑4	Proposed MBS item descriptor for transvenous insertion, removal or replacement of a transvenous left ventricular electrode lead via the coronary sinus
	Category 3 – Therapeutic procedures

	MBS 38368 (proposed)
PERMANENT TRANSVENOUS LEFT VENTRICULAR ELECTRODE, insertion, removal or replacement of through the coronary sinus, for the purpose of cardiac resynchronisation therapy, for patients who have moderate to severe chronic heart failure (NYHA class III or IV) despite optimised medical therapy and who meet the following criteria:
· sinus rhythm
· a left ventricular ejection fraction of less than or equal to 35%
· a QRS duration greater than or equal to 120 ms.

And for patients who have mild chronic heart failure (NYHA class II) despite optimised medical therapy and who meet all of the following criteria:
· sinus rhythm
· a left ventricular ejection fraction of less than or equal to 30%
· a QRS duration greater than or equal to 150 ms.

Where the service includes right heart catheterisation and any associated venogram of left ventricular veins. Not being a service associated with a service to which item numbers 38200 and 35200 apply.

Multiple Services Rule (Anaes.)
Fee: $1224.60 Benefit: 75% = $918.45

Item 38368 applies only to patients who meet the criteria listed in the item descriptor, and to patients who do not meet the criteria listed in the descriptor but have previously had a CRT device and transvenous left ventricular electrode inserted and who prior to its insertion met the criteria and now need the device to be replaced.



[bookmark: _Ref349289709][bookmark: _Toc349677058][bookmark: _Toc354394629][bookmark: _Toc357688876][bookmark: _Toc358835248][bookmark: _Toc359227809][bookmark: _Toc359248826]Table A‑5	Current MBS item descriptor for insertion, removal or replacement of a left ventricular electrode by open thoracotomy 
	Category 3 – Therapeutic procedures

	MBS 38654 

PERMANENT LEFT VENTRICULAR ELECTRODE, insertion, removal or replacement of via open thoracotomy, for the purpose of cardiac resynchronisation therapy, for patients who have moderate to severe chronic heart failure (NYHA class III or IV) despite optimised medical therapy and who meet all of the following criteria:
· Sinus rhythm
· A left ventricular ejection fraction of less than or equal to 35%
· A QRS duration greater than or equal to 120 ms.

Multiple Services Rule (Anaes.)(Assist.)
Fee: $1224.60 Benefit: 75% = $918.45

Item 38654 applies only to patients who meet the criteria listed in the item descriptor, and to patients who do not meet the criteria listed in the descriptor but have previously had a CRT device and transvenous left ventricular electrode inserted and who prior to its insertion met the criteria and now need the device to be replaced.


Source: Medicare Benefits Schedule, May 20139
[bookmark: _Ref348269724][bookmark: _Toc349677063][bookmark: _Toc354394634][bookmark: _Toc357688877][bookmark: _Toc358835249][bookmark: _Toc359227810][bookmark: _Toc359248827]Table A‑6	Proposed MBS item descriptor for insertion, removal or replacement of a left ventricular electrode via open thoracotomy 
	Category 3 – Therapeutic procedures

	MBS 38354 (proposed)
PERMANENT LEFT VENTRICULAR ELECTRODE, insertion, removal or replacement of via open thoracotomy, for the purpose of cardiac resynchronisation therapy, for patients who have moderate to severe chronic heart failure (NYHA class III or IV) despite optimised medical therapy and who meet the following criteria:
· Sinus rhythm
· A left ventricular ejection fraction of less than or equal to 35%
· A QRS duration greater than or equal to 120 ms.

And for patients who have mild chronic heart failure (NYHA class II) despite optimised medical therapy and who meet all of the following criteria:
· sinus rhythm
· a left ventricular ejection fraction of less than or equal to 30%
· a QRS duration greater than or equal to 150 ms.

Where the service includes right heart catheterisation and any associated venogram of left ventricular veins. Not being a service associated with a service to which item numbers 38200 and 35200 apply.

Multiple Services Rule (Anaes.)(Assist.)
Fee: $1224.60 Benefit: 75% = $918.45

Item 38354 applies only to patients who meet the criteria listed in the item descriptor, and to patients who do not meet the criteria listed in the descriptor but have previously had a CRT device and transvenous left ventricular electrode inserted and who prior to its insertion met the criteria and now need the device to be replaced.



Insertion, removal or replacement of the right atrial and right ventricular leads
CRT-D implantation also requires the insertion of a defibrillation lead in the right ventricle and insertion of a pacemaker lead in the right atrium. These procedures are currently funded for patients in the proposed MBS population (MBS item numbers 38384 and 38350), therefore no modifications to these listings are required. 
[bookmark: _Ref349296944][bookmark: _Toc349677059][bookmark: _Toc354394630][bookmark: _Toc357688878][bookmark: _Toc358835250][bookmark: _Toc359227811][bookmark: _Toc359248828]Table A‑7	Current MBS item descriptor for insertion of defibrillation electrode lead
	Category 3 – Therapeutic procedures

	MBS 38384 

AUTOMATIC DEFIBRILLATOR, insertion of patches for, or insertion of transvenous endocardial defibrillation electrodes for, primary prevention of sudden cardiac death in:
· patients with a left ventricular ejection fraction of less than or equal to 30% at least one month after a myocardial infarct when the patient has received optimised medical therapy; or
· patients with chronic heart failure associated with mild to moderate symptoms (NYHA II and III) and a left ventricular ejection fraction less than or equal to 35% when the patient has received optimised medical therapy.

Not being a service associated with a service to which item 38213 applies.

Multiple Services Rule (Anaes.)(Assist.)

Fee: $1052.65 Benefit: 75% = $789.50 85% = $978.15

Item 38654 applies only to patients who meet the criteria listed in the item descriptor, and to patients who do not meet the criteria listed in the descriptor but have previously had a CRT device and transvenous left ventricular electrode inserted and who prior to its insertion met the criteria and now need the device to be replaced.


Source: Medicare Benefits Schedule, May 20139

[bookmark: _Ref349297232][bookmark: _Toc349677060][bookmark: _Toc354394631][bookmark: _Toc357688879][bookmark: _Toc358835251][bookmark: _Toc359227812][bookmark: _Toc359248829]Table A‑8	Current MBS item descriptor for insertion of pacemaker electrode lead
	Category 3 – Therapeutic procedures

	MBS 38350 

SINGLE CHAMBER PERMANENT TRANSVENOUS ELECTRODE, insertion, removal or replacement of, including cardiac
electrophysiological services where used for pacemaker implantation.

Multiple Services Rule (Anaes.)

Fee: $638.65 Benefit: 75% = $479.00

The fees for the insertion of a pacemaker (Items 38350, 38353 and 38356) cover the testing of cardiac conduction or conduction threshold, etc related to the pacemaker and pacemaker function. Accordingly, additional benefits are not payable for such routine testing under item 38209 or 38212 (Cardiac electrophysiological studies).


Source: Medicare Benefits Schedule, May 20139
The proposed eligibility for CRT-D implantation in NYHA II patients requires measurement of LVEF and QRS duration and determining the presence of sinus rhythm. These assessments are already part of standard practice for the assessment of chronic heart failure patients. The proposed restriction for the listing of CRT-D in NYHA II patients who have not responded to medical therapy prevents the potential for inappropriate medicalisation of a previously untreated condition. 
A.4 [bookmark: _Toc357688861][bookmark: _Toc359248734]Comparator details
The main comparator for this assessment is the insertion, removal, or replacement of an implantable-cardioverter defibrillator (ICD), as this is the medical service that healthcare providers would most likely replace if the current MBS listings for insertion, removal, or replacement of a CRT-D are modified to include the proposed MBS population. In current Australian practice, patients with NYHA class II heart failure and a low LVEF are much more likely to receive an ICD than to receive a CRT-P or remain on medical therapy alone, due to their increased risk of sudden cardiac death (SCD). 

The surgical procedures used for ICD implantation are similar to those used for CRT-D implantation, however, ICD implantation does not require the insertion of a left ventricular lead through the coronary sinus. MBS item number 38387 is used for the insertion, removal, or replacement of an ICD generator (Table A‑9). MBS item number 38384 is used for insertion of a defibrillation lead in the right ventricle (Table A‑7) and MBS item number 38350 (Table A‑8) is used for insertion of a defibrillation lead in the right atrium.

[bookmark: _Ref349549432][bookmark: _Toc349677064][bookmark: _Toc354394635][bookmark: _Toc357688880][bookmark: _Toc358835252][bookmark: _Toc359227813][bookmark: _Toc359248830]Table A‑9	Current MBS item descriptor for insertion, removal or replacement of an ICD generator 
	Category 3 – Therapeutic procedures

	MBS 38387

AUTOMATIC DEFIBRILLATOR GENERATOR, insertion or replacement of for, primary prevention of sudden cardiac death in:
· patients with a left ventricular ejection fraction of less than or equal to 30% at least one month after a myocardial infarct when the patient has received optimised medical therapy; or
· patients with chronic heart failure associated with mild to moderate symptoms (NYHA II and III) and a left ventricular ejection fraction less than or equal to 35% when the patient has received optimised medical therapy.

Not being a service associated with a service to which item 38213 applies, not for defibrillators capable of cardiac
resynchronisation therapy.

Fee: $287.85 Benefit: 75% = $215.90 85% = $244.70

Multiple Services Rule (Anaes.)(Assist.)

Fee: $287.85 Benefit: 75% = $215.90 85% = $244.70



Source: Medicare Benefits Schedule, May 20139


A.5 [bookmark: _Toc354996492][bookmark: _Toc357688862][bookmark: _Toc359248735]Clinical management algorithms
This application proposes that CRT-D will be a direct substitute for ICD in patients with NYHA class II heart failure, who have sinus rhythm, an LVEF of less than or equal to 30%, and a QRS duration greater than or equal to 150 ms despite optimised medical therapy. The clinical management algorithms presented below are based on current evidence-based clinical practice guidelines for the prevention, detection and management of chronic heart failure in Australia (NHFA/CSANZ 201159), and are identical to those set out in the DAP.
Figure A‑1 shows the recommended algorithm for diagnosis of chronic heart failure in Australia. This involves comprehensive assessment of a patient’s clinical history, physical examinations, and investigative procedures. Trans-thoracic echocardiography is used to distinguish between heart failure due to systolic dysfunction, heart failure due to diastolic dysfunction, and heart failure due to a structural defect (e.g. cardiomyopathy or valvular disease) (NHFA/CSANZ 201159). These initial assessments provide necessary information to determine whether a patient meets the sinus rhythm, LVEF, and QRS duration criteria for eligibility for CRT-D, ICD and CRT implantation. They are already performed as part of the initial pathway for diagnosis of heart failure, and will not be affected by the proposed changes to the MBS listings for CRT-D implantation.
Figure A‑2 and Figure A‑3 show the current and proposed clinical management algorithms for management of patients with NYHA class II heart failure. It is expected that the majority of patients who meet the proposed eligibility criteria will receive CRT-D implantation, however due to comorbidities and other clinical factors, some patients may receive ICD instead of CRT-D, and some will continue to receive optimised medical therapy alone (ie. those contraindicated to surgery). 
Ongoing monitoring is required for all patients with ICD and CRT-D devices, and services are provided both by physicians and product specialists. Device checks are usually performed every six months, but can be more frequent in patients experiencing problems, or when batteries/generators are nearing their expected end of life. Such checks can be performed at face-to-face visits or through remote monitoring. The nature and frequency of follow-up will not change with the introduction of the proposed medical services. The same MBS item number is used for monitoring of all patients with a CRT-D or ICD implant (MBS item number 11727). Chronic heart failure patients who have not undergone a device implantation would not have to undergo monitoring of an implanted device.
[bookmark: _Ref359315266][bookmark: _Toc359227894][bookmark: _Toc359248216]Figure A‑1	Clinical algorithm for diagnosis of NYHA class II, III or IV heart failure in Australia
[image: ]
Source: NHFA/CSANZ (2011), p. 14, Figure 4.159
Abbreviations: BNP, B-type natriuretic peptide; JVP, jugular venous pressure; LVEF, left ventricular ejection fraction; PND, paroxysmal nocturnal dyspnoea



[bookmark: _Ref348615271][bookmark: _Toc349677053][bookmark: _Toc359227895][bookmark: _Toc359248217][bookmark: _Toc354558702][bookmark: _Toc357688884]Figure A‑2	Current clinical algorithm for management of heart failure 
[image: ]
Abbreviations: CRT-D cardiac resynchronisation therapy device capable of defibrillation; ICD, implantable cardioverter-defibrillator; LVEF, left ventricular ejection fraction; NYHA, New York Heart Association; OMT, optimised medical therapy
[bookmark: _Ref348615276][bookmark: _Toc349677054][bookmark: _Toc359227896][bookmark: _Toc359248218][bookmark: _Toc354558703][bookmark: _Toc357688885]Figure A‑3	Proposed clinical algorithm for management of chronic heart failure 
[image: ]
Abbreviations: CRT-D cardiac resynchronisation therapy device capable of defibrillation; ICD, implantable cardioverter-defibrillator; LVEF, left ventricular ejection fraction; NYHA, New York Heart Association; OMT, optimised medical therapy



A.6 [bookmark: _Toc349677084][bookmark: _Toc354996493][bookmark: _Toc357688863][bookmark: _Ref358817931][bookmark: _Toc359248736]Differences between the proposed medical service and the main comparator
Table A‑10 shows a comparative summary of the indications, contraindications and adverse events associated with CRT-D and ICD implantation in patients with chronic heart failure. The key difference between these procedures is that CRT-D implantation provides cardiac resynchronisation and requires the insertion of a left ventricular electrode lead via the coronary sinus, while ICD implantation does not.  
[bookmark: _Ref349550943][bookmark: _Toc349677065][bookmark: _Toc354394636][bookmark: _Toc357688881][bookmark: _Toc358835253][bookmark: _Toc359227814][bookmark: _Toc359248831]Table A‑10	Key differences between CRT-D and ICD
	Category
	CRT-D
	ICD

	Indication
	CRT-D therapy is indicated for atrial and/or ventricular antitachycardia pacing and ventricular defibrillation for automated treatment of life‑threatening atrial and/or ventricular arrhythmias. Cardiac resynchronisation features are intended to restore synchronous contraction of the right and left ventricles in patients with a prolonged QRS duration.
	ICD therapy is intended to provide atrial and/or ventricular antitachycardia pacing, cardioversion, and defibrillation for automated treatment of life‑threatening atrial and/or ventricular tachyarrhythmias.

	Contraindications
	CRT-D implantation is contraindicated in patients with ventricular tachyarrhythmias resulting from transient or correctable factors (e.g. drug toxicity, electrolyte imbalance, or acute myocardial infarction).
Some devices are contraindicated for patients who have incessant ventricular tachycardia or ventricular fibrillation, or those whose primary disorder is chronic atrial tachyarrhythmia with no concomitant ventricular tachycardia or ventricular fibrillation.
	ICD implantation is contraindicated in patients with ventricular tachyarrhythmias resulting from transient or correctable factors (e.g. drug toxicity, electrolyte imbalance, or acute myocardial infarction).
Some devices are contraindicated for patients who have incessant ventricular tachycardia or ventricular fibrillation, or those whose primary disorder is chronic atrial tachyarrhythmia with no concomitant ventricular tachycardia or ventricular fibrillation.

	Current MBS reimbursement
	The insertion, removal, or replacement of a CRT‑D is currently reimbursed for patients with moderate to severe chronic heart failure (NYHA class III or IV) who meet all of the following criteria, despite optimised medical therapy:
· Sinus rhythm
· A LVEF of less than or equal to 35%
· A QRS duration greater than or equal to 120 ms
	The insertion, removal, or replacement of a ICD is currently reimbursed for primary prevention of sudden cardiac death in:
· Patients with a left ventricular ejection fraction of less than or equal to 30% at least one month after a myocardial infarct when the patient has received optimised medical therapy; or
· Patients with chronic heart failure associated with mild to moderate symptoms (NYHA class II or III) and a left ventricular ejection fraction less than or equal to 35% when the patient has received optimised medical therapy.

	Adverse events
	Potential adverse events include, but are not limited to, rejection phenomena, erosion through the skin, muscle or nerve stimulation, oversensing, failure to detect and/or terminate tachyarrhythmia episodes, acceleration of ventricular tachycardia, lead or accessory breakage, and surgical complications such as haematoma, infection, inflammation, and thrombosis. Patients may develop psychological intolerance to a pulse generator system and may experience fear of shocking, fear of device failure, or imagined shocking. In rare cases severe complications or device failures can occur.
	Potential adverse events include, but are not limited to, rejection phenomena, erosion through the skin, muscle or nerve stimulation, oversensing, failure to detect and/or terminate tachyarrhythmia episodes, acceleration of ventricular tachycardia, lead or accessory breakage, and surgical complications such as haematoma, infection, inflammation, and thrombosis. Patients may develop psychological intolerance to a pulse generator system and may experience fear of shocking, fear of device failure, or imagined shocking. In rare cases severe complications or device failures can occur.


[bookmark: _Toc349677085][bookmark: _Toc354996494][bookmark: _Toc357688864]Abbreviations: CRT-D, cardiac resynchronisation therapy device capable of defibrillation; ICD, implantable cardioverter-defibrillator; NYHA, New York Heart Association 
A.7 [bookmark: _Toc359248737]Clinical claim
This application presents the claim that CRT-D implantation is clinically superior to ICD implantation in the proposed MBS population. This claim is based on a systematic review of direct comparative randomised trials that compared CRT-D with ICD in patients with NYHA class II heart failure. The cost‑effectiveness of CRT-D versus ICD therapy has been evaluated as a cost‑utility analysis. 
A.8 [bookmark: _Toc349677086][bookmark: _Toc354996495][bookmark: _Toc357688865][bookmark: _Toc359248738]Primary elements of the decision analysis (PICO)
The Population, Intervention, Comparator and Outcomes (PICO) criteria defined by the DAP for this application are summarised in Table A‑11. 
[bookmark: _Ref345341985][bookmark: _Toc345574393][bookmark: _Toc349677066][bookmark: _Toc354394637][bookmark: _Toc357688882][bookmark: _Toc358835254][bookmark: _Toc359227815][bookmark: _Toc359248832]Table A‑11	PICO criteria for the main clinical research question
	Category
	Criteria

	Population	

	Patients with mild chronic heart failure (NYHA class II) despite optimised medical therapy who meet all the following criteria:
· Sinus rhythm
· LVEF ≤ 30%
· QRS duration ≥ 150 ms

	Intervention
	CRT-D with optimised medical therapy

	Comparator
	ICD with optimised medical therapy

	Outcomes to be assessed
	All-cause mortality
Sudden cardiac death
Hospitalisation for heart failure
Patient-related quality of life
All adverse events

	Healthcare resources to be considered
	Cost of device implantation
Cost and rate of heart failure hospitalisation
Cost and rate of device-related hospitalisation
Cost and rate of generator replacement for battery depletion
Cost of rate of monitoring
Cost and use of pharmaceuticals


Abbreviations: CRT-D, cardiac resynchronisation therapy; ICD, implantable cardioverter-defibrillator; LVEF, left ventricular ejection fraction; NYHA, New York Heart Association
Source: Final decision analytic protocol, 2013 
MSAC Application 1223		CRT-D for mild heart failure (NYHA Class II)
MSAC Application 1223		CRT-D for mild heart failure (NYHA Class II)
MSAC Application 1223		CRT-D for mild heart failure (NYHA Class II)
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[bookmark: _Ref358386532][bookmark: _Ref358815476][bookmark: _Toc359248739]Clinical evaluation for the main indication
A.9 [bookmark: _Toc354996497][bookmark: _Toc357771559][bookmark: _Toc359248740][bookmark: _Ref349567984][bookmark: _Toc350787135][bookmark: _Toc130784496][bookmark: _Ref154206403]Description of search strategies
A full review of the literature was undertaken to all identify randomised trials and systematic reviews that compared the safety and efficacy of CRT-D with ICD in patients with NYHA class II heart failure. A number of approaches were employed to identify relevant studies, including:
· A search of the published literature using the electronic database EMBASE.com, which allows concurrent searching of EMBASE and MEDLINE
· A search of the Cochrane Library and other health technology assessment websites
· A search of clinical trial registries, including the Australian and New Zealand Clinical Trials Registry, the US National Institutes of Health clinical trial database (clinicaltrials.gov), and the European Union Clinical Trials Register 
· A search of the Sponsor’s databases for published and unpublished trial reports
The search strategies used to identify relevant citations are shown in Table B‑1. To ensure that all relevant studies were identified, the electronic database searches were not limited by article type, publication date or publication language. The reference lists of relevant articles were also manually reviewed.
[bookmark: _Ref205263614][bookmark: _Toc205262937][bookmark: _Toc205622225][bookmark: _Toc350787160][bookmark: _Toc354394638][bookmark: _Toc357771529][bookmark: _Toc358835255][bookmark: _Toc359227816][bookmark: _Toc359248833]Table B‑1	Search strategies used to identify direct comparative randomised trials
	Database 
	Search terms
	Citations retrieved
	Final number of citations, excluding duplicates

	EMBASE.com 
(includes Medline and EMBASE 1966 to present)
(searched on 30 Apr 2013)
	#1
	'biventricular pacing':ab,ti OR (cardiac:ab,ti OR ventricular:ab,ti AND (resynchronisation:ab,ti OR resynchronization:ab,ti OR synchronisation:ab,ti OR synchronization:ab,ti)) OR crt:ab,ti
	16,975
	889

	
	#2
	defibrillat*:ab,ti OR icd:ab,ti
	45,770
	

	
	#3
	crtd:ab,ti OR ‘crt d’:ab,ti
	1109
	

	
	#4
	#1 AND #2
	2397
	

	
	#5
	#3 OR #4
	2755
	

	
	#6
	'comparative study'/exp OR 'comparative study' OR 'clinical trial'/exp OR 'clinical trial' OR 'randomized controlled trial'/exp OR 'randomized controlled trial' OR 'randomization'/exp OR 'randomization' OR 'single blind procedure'/exp OR 'single blind procedure' OR 'double blind procedure'/exp OR 'double blind procedure' OR 'triple blind procedure'/exp OR 'triple blind procedure' OR 'crossover procedure'/exp OR 'crossover procedure' OR 'placebo'/exp OR 'placebo' OR placebo* OR random* OR rct OR 'single blind' OR 'single blinded' OR 'double blind' OR 'double blinded' OR 'treble blind' OR 'treble blinded' OR 'triple blind' OR 'triple blinded' OR 'prospective study'/exp OR 'prospective study'
	2,742,012
	

	
	#7
	'meta analysis'/exp OR 'meta analysis' OR 'systematic review'/exp OR 'systematic review' OR 'pooled analysis' OR ('review'/exp OR 'review' AND (systemat* OR pool*))
	199,535
	

	
	#8
	#6 OR #7
	2,833,878
	

	
	#9 
	#5 AND #8
	890
	

	Cochrane Library
· Cochrane reviews
· Other reviews
· Central register of controlled trials
· HTA database
(searched on 30 Apr 2013)
	#1
	MeSH descriptor: [Cardiac Resynchronization Therapy] explode all trees
	68
	60

	
	#2
	"biventricular pacing" OR ((cardiac or ventricular) and (resynchronisation OR resynchronization or synchronisation OR synchronization))
	439
	

	
	#3
	#1 OR #2
	439
	

	
	#4
	MeSH descriptor: [Defibrillators] explode all trees
	813
	

	
	#5
	defibrillat*
	1429
	

	
	#6
	#4 OR #5
	1429
	

	
	#7
	#3 AND #6
	166
	

	Total citations identified from publication databases
	949

	Australia and New Zealand Clinical Trials Registry
(searched on 30 Apr 2013)
	#1
	cardiac resynchronization
	15
	34

	
	#2
	defibrillator
	21
	

	Clinicaltrials.gov
(searched on 30 Apr 2013)
	#1
	"crt-d" OR "crt d" OR ("cardiac resynchronization" AND defibrillat*)
	131
	131

	European Union Clinical Trials Register
(searched on 30 Apr 2013)
	#1
	"crt-d" OR "crt d" OR ("cardiac resynchronization" AND defibrillat*)
	5
	5

	Total citations identified from clinical trial registries
	170

	Clinical trial reports identified through searches of internal company databases
	4

	Manually identified citations
	2

	Total number of citations identified
	1125



A.10 [bookmark: _Toc130784497][bookmark: _Ref154206420][bookmark: _Toc350787136][bookmark: _Toc354996498][bookmark: _Ref357693925][bookmark: _Toc357771560][bookmark: _Toc359248741]Listing of all relevant trials
A.10.1 [bookmark: _Toc350787137][bookmark: _Toc354996499][bookmark: _Toc357771561][bookmark: _Toc359248742]Identification of relevant publications
All of the identified citations were reviewed based on information in the publication title and, where available, the abstract. Publications deemed to be relevant were retrieved and reviewed in full text before a final decision was made on their inclusion or exclusion for the current review. At both stages of consideration, predefined exclusion criteria were used to identify RCTs and systematic reviews that compared the safety and efficacy of CRT-D with ICD in patients with NYHA class II heart failure. Publications were excluded if they did not report the results of an RCT or systematic review; if they did not include patients with NYHA class II heart failure; and if they did not directly compare the safety and efficacy of CRT-D with ICD. 
Table B‑2 summarises the application of the exclusion criteria to the identified citations. Most citations were excluded after title/abstract review, for being the wrong study type or evaluating the wrong intervention. Fourteen publications were excluded after full text review as they were systematic reviews or meta-analyses that did not compare the safety or efficacy of CRT-D with ICD in patients with NYHA class II heart failure. A full list of the excluded citations, with reasons for exclusion, is provided in Appendix E.
[bookmark: _Ref349556932][bookmark: _Toc350787161][bookmark: _Toc354394639][bookmark: _Toc357771530][bookmark: _Toc358835256][bookmark: _Toc359227817][bookmark: _Toc359248834]Table B‑2	Identification of publications relating to direct comparative randomised trials
	
	Publication databasesa
	Clinical trial registriesb
	Internal company databases
	Manual search

	Total number of citations identified
	949
	170
	4
	2

	Number of citations excluded after title/abstract review:
	
	
	
	

	· Not a randomised trial or systematic review
	740
	60
	-
	-

	· Does not include patients with NYHA II heart failure
	45
	35
	-
	-

	· Does not compare CRT-D with ICD
	105
	70
	-
	-

	Total number of citations excluded after title/abstract review
	890
	165
	-
	-

	Number of citations reviewed in full text
	59
	5c
	4
	2

	Number of citations excluded after full text review:
	
	
	
	

	· Not a randomised trial or systematic review
	-
	-
	-
	-

	· Does not include patients with NYHA II heart failure
	14d
	-
	-
	-

	· Does not compare CRT-D with ICD
	-
	-
	-
	-

	Total number of citations excluded after full text review
	14
	-
	-
	-

	Total number of included publications
	45
	-
	4
	2

	Publications associated with direct comparative trials
	36
	-
	4
	2

	Systematic reviews 
	9
	-
	-
	-


a	EMBASE.com (includes MEDLINE and EMBASE) and the Cochrane Library
b 	Clinicaltrials.gov, European Union Clinical Trials Register, Australia New Zealand Clinical Trials Registry 
c	The clinical trial registry searches identified five references to clinical trials that had already been identified
d	These were systematic reviews or meta-analyses that did not report results for patients with NYHA class II heart failure 
In total, the literature search described above identified 46 publications that reported the results of five RCTs which compared CRT-D with ICD in patients with NYHA class II heart failure:
· The  Resynchronization–Defibrillation for Ambulatory Heart Failure Trial (RAFT)
· The Multicenter Automatic Defibrillator Implantation Trial with Cardiac Resynchronization Therapy (MADIT-CRT)
· The Resynchronization Reverses Remodeling in Systolic Left Ventricular Dysfunction trial (REVERSE) 
· The Multicenter InSync ICD Randomized Clinical Evaluation II (MIRACLE ICD II)
· A trial published by Higgins et al (2003), referred to as the CONTAK-CD trial
Nine of these publications were systematic reviews that included that included an assessment of CRT-D versus ICD in patients with NYHA class II heart failure. No additional trials were identified through a review of these studies. For completeness, the characteristics and results of the identified systematic reviews have been summarised in Appendix C. 
A.10.2 [bookmark: _Toc357771562][bookmark: _Toc359248743]Pivotal evidence for the main clinical evaluation
The RAFT and MADIT‑CRT trials directly compared the safety and efficacy of the CRT-D implantation (the proposed medical service) with ICD implantation (the main comparator). These trials provide pivotal evidence for the main clinical evaluation of CRT-D versus ICD in patients with NYHA class II heart failure. A copy of the full clinical study report for each trial is provided for reference in Attachment 1 and Attachment 2.
RAFT
The RAFT trial was a parallel group, randomised, double blind controlled study designed to assess whether the addition of CRT to an ICD and optimised medical therapy would reduce mortality and the rate of hospitalisation for heart failure, compared with an ICD and optimised medical therapy alone. A total of 1798 patients with either NYHA class II or III heart failure were enrolled at 34 centres in Canada, Europe, Australia, and Turkey. Eligible participants were randomised in a 1:1 ratio to undergo either CRT-D or ICD implantation, and were followed for a mean follow-up duration of 40 (standard deviation [SD], 20) months after implant. The primary outcome was defined as death from any cause or hospitalisation for heart failure (Tang et al 201077). 
[bookmark: _Ref350269071][bookmark: _Toc350787185][bookmark: _Toc350870615][bookmark: _Toc354558704][bookmark: _Toc357771509][bookmark: _Toc359227897][bookmark: _Toc359248219]Figure B‑1	Simplified schematic of RAFT study design
[image: ]
Abbreviations: CRT-D, cardiac resynchronisation therapy device capable of defibrillation; ICD, implantable cardioverter-defibrillator
Source: Tang et al (2009)76, Tang et al (2010)77
It should be noted that the protocol for the RAFT trial was amended partway through the investigation after a different clinical trial (Cleland et al 200525) demonstrated that CRT-P was associated with significant morbidity and mortality benefits in patients with NYHA class III heart failure. Only patients with NYHA class II heart failure were enrolled in this study after February 2006.
MADIT-CRT
The MADIT-CRT trial was designed to determine whether prophylactic CRT in combination with an ICD would reduce the risk of death or non-fatal heart failure events in patients with mild cardiac symptoms, compared with ICD alone. A total of 1820 patients with NYHA class I or II heart failure were enrolled at 110 centres in the US, Europe and Canada. Eligible participants were randomly assigned in a 3:2 ratio to undergo either CRT-D or ICD implantation. The primary outcome was defined as death from any cause or a non-fatal heart failure event, whichever came first (Moss et al 200958). Efficacy and safety boundaries were predefined for monitoring purposes. After a mean follow‑up duration of 29 months, an independent data and safety monitoring board determined that the trial had met its primary effectiveness endpoint and showed superiority of CRT-D as compared to ICD. Data continued to be collected for six months after this time point, meaning that the overall mean follow-up duration was 34.3 (SD, 12.2) months (MADIT-CRT CSR).
[bookmark: _Ref350271659][bookmark: _Toc350787186][bookmark: _Toc350870616][bookmark: _Toc354558705][bookmark: _Toc357771510][bookmark: _Toc359227898][bookmark: _Toc359248220]Figure B‑2	Simplified schematic of MADIT-CRT study design
[image: ]
Abbreviations: CRT-D, cardiac resynchronisation therapy device capable of defibrillation; ICD, implantable cardioverter-defibrillator
Source: Moss et al (2005)57, Moss et al (2009)58
A.10.3 [bookmark: _Ref354606202][bookmark: _Toc354996501][bookmark: _Toc357771563][bookmark: _Toc359248744]Supportive evidence
The REVERSE and MIRACLE ICD II trials did not directly compare the safety and efficacy of the CRT-D implantation (the proposed medical service) with ICD implantation (the main comparator). Instead, each of these trials was designed to compare clinical outcomes occurring in patients who received an active CRT-D implant (CRT-ON), versus patients who received a CRT-D implant programmed to function as an ICD (CRT-OFF). Participants who received a successful CRT-D implant and were included in the randomised phase of each of these studies would have received a left ventricular lead prior to randomisation. Because this lead would not be placed during ICD implantation in clinical practice, the surgical procedures performed within these trials are not representative of the medical services that constitute the main comparator for this application. These trials have therefore been presented as supportive evidence. A copy of the primary publication relating to each study is included in the supportive documentation.
REVERSE 
The REVERSE trial was designed to determine whether biventricular pacing limited the progression of heart failure in subject clinical status as compared to optimised medical therapy alone in patients with NYHA class I or II heart failure. A total of 684 participants were enrolled at 73 centres located in the US, Canada and Europe. Participants were screened for eligibility and implanted with a CRT-D (83.3%) or CRT-P (16.7%) system, in accordance with local clinical practice guidelines. Those with a successful implant were then randomly assigned in a 2:1 fashion to have the CRT function either activated (CRT‑ON) or deactivated (CRT-OFF). This trial effectively included four interventions: CRT-D implanted with CRT function on; CRT-D implanted with CRT function off (equivalent to an ICD); CRT-P implanted with CRT function on; and CRT-P implanted with CRT function off (equivalent to optimised medical therapy alone) (Linde et al 2008a48). 
The primary outcome of the REVERSE trial was defined based on the heart failure clinical composite response system defined by Packer et al (2001)65, which categorises patients as having “worsened”, “unchanged” or “improved” heart failure based on a combination of outcomes, including death, hospitalisation due to or associated with worsening HF, and Patient’s Global Assessment (PGA) scores. Participants enrolled at study centres located in the US and Canada were unblinded 12 months after device implantation, and those enrolled at study centres located in Europe were unblinded after 24 months. After the end of the blinded follow-up period, active CRT programming was recommended for all participants, and participants were requested to attend yearly follow-up visits for a total follow-up duration of five years (Linde et al 200649; Linde et al 2008a48).
The primary publication and clinical study report relating to the REVERSE trial did not stratify study results by the type of device initially implanted. CRT-P systems do not deliver defibrillation therefore patients in the CRT-P instead of an ICD would have an increased and untreated risk for SCD. The inclusion of patients who received a CRT-P in the primary analysis of the REVERSE trial biases means that overall trial results are biased against the CRT-ON treatment group. Post hoc analyses investigating this issue are currently underway.
[bookmark: _Ref350503898][bookmark: _Toc350787188][bookmark: _Toc350870618][bookmark: _Toc354558706][bookmark: _Toc357771511][bookmark: _Toc359227899][bookmark: _Toc359248221]Figure B‑3	Simplified schematic of REVERSE study design
[image: ]
Abbreviations: CRT-D, cardiac resynchronisation therapy device capable of defibrillation; ICD, implantable cardioverter-defibrillator
Source: Linde et al (2006)49, Linde et al (2008a)48	
a	Eligible participants were implanted with a CRT-D or CRT-P device in accordance with local clinical practice guidelines. In total, 83.3% of participants received a CRT-D and 16.7% received a CRT-P.
MIRACLE ICD II
The MIRACLE ICD II trial examined whether the addition of CRT to an ICD slows disease and improves exercise performance in patients with NYHA class II heart failure. A total of 222 participants were enrolled at 51 centres located in the US and Canada. All participants underwent CRT-D implantation, and those with a successful CRT-D implant were randomly assigned to have the CRT function activated (CRT-ON) or deactivated (CRT-OFF). Follow-up assessments were held at one, three and six months after randomisation. The primary outcome of this trial was defined as the change in peak VO2 from baseline to six months after randomisation (Abraham et al 20041).

[bookmark: _Ref350503905][bookmark: _Toc350787189][bookmark: _Toc350870619][bookmark: _Toc354558707][bookmark: _Toc357771512][bookmark: _Toc359227900][bookmark: _Toc359248222]Figure B‑4	Simplified schematic of MIRACLE ICD II study design
[image: ]
Abbreviations: CRT-D, cardiac resynchronisation therapy device capable of defibrillation; ICD, implantable cardioverter-defibrillator
Source: Abraham et al (2004)1
A.10.4 [bookmark: _Toc354996502][bookmark: _Toc357771564][bookmark: _Toc359248745]Excluded trials
The CONTAK-CD trial assessed the safety and effectiveness of CRT when combined with an ICD in patients with NYHA class II, III or IV heart failure. All eligible participants were required to undergo CRT-D implantation, and those with a successful implant were randomly assigned to have the CRT function activated 30 days after implantation (CRT-ON) or deactivated (CRT-OFF). The trial was originally designed as a crossover study with two three-month observation periods however the crossover stage was removed partway through the investigation due to regulatory concerns about the insufficient length of follow‑up. Instead of crossing over, the treatment groups were followed in parallel for six months (Higgins et al 200341). As noted by Abraham et al (2004)1, the CONTAK-CD trial is limited by the fact that a major change in design was implemented during the investigation, by the instability of patients’ NYHA classes and medical therapy at enrolment, and by inherent difficulties in subgroup analysis. This trial has been excluded from the evaluation of whether CRT-D is safe and effective in the proposed MBS population. This approach is consistent with the other systematic reviews evaluating the safety and efficacy of CRT-D versus ICD (e.g. Wells et al 201181).

[bookmark: _Ref353954011][bookmark: _Toc359227818][bookmark: _Toc359248835][bookmark: _Toc354394640][bookmark: _Toc357771531][bookmark: _Toc358835257]Table B‑3	Master list of trials and publications relevant to this assessment report 
	Study ID
	Citation details

	Pivotal trials

	RAFT38,39,55,76,77
	Primary publication
Tang et al (2010) Cardiac resynchronization therapy for mild to moderate heart failure. New England Journal of Medicine 363:2385-2395.
Clinical study report
Medtronic (2011) RAFT - Clinical report in support of pre-market approval. 18 January 2011. 
Protocol
Tang et al (2009) Resynchronization/defibrillation for ambulatory heart failure trial: Rationale and trial design. Current Opinion in Cardiology 24:1-8. 
Secondary publications
Healey et al (2012a) A randomized controlled pilot study comparing ICD implantation with and without intraoperative defibrillation testing in patients with heart failure and severe left ventricular dysfunction: A sub-study of the RAFT trial. Journal of Cardiovascular Electrophysiology 23:1313-1316.
Healey et al (2012b) Cardiac resynchronization therapy in patients with permanent atrial fibrillation: Results from the Resynchronization for Ambulatory Heart Failure Trial (RAFT). Circulation: Heart Failure 5:566-570.

	MADIT-CRT7,12-14,17,19-21,33-35,42,44-46,53,57,63,66,71,74,75,80,86
	Primary publication
Moss et al (2009) Cardiac resynchronization therapy for the prevention of heart failure events. New England Journal of Medicine 361:1329-1338.
Clinical study report
Boston Scientific (2011) Clinical summary: MADIT-CRT.
Protocol
Moss et al (2005) Multicenter automatic defibrillator implantation trial-cardiac resynchronization therapy (MADIT-CRT): Design and clinical protocol. Annals of Noninvasive Electrocardiology 10:34-43.
Secondary publications
Arshad et al (2011) Cardiac resynchronization therapy is more effective in women than in men: The MADIT-CRT (multicenter automatic defibrillator implantation trial with cardiac resynchronization therapy) trial. Journal of the American College of Cardiology 57:813-820.
Barsheshet et al (2011a) Reverse remodeling and the risk of ventricular tachyarrhythmias in the MADIT-CRT (Multicenter Automatic Defibrillator Implantation Trial-Cardiac Resynchronization Therapy). Journal of the American College of Cardiology 57:2416-2423.
Barsheshet et al (2011b) Response to preventive cardiac resynchronization therapy in patients with ischaemic and non-ischaemic cardiomyopathy in MADIT-CRT. European Heart Journal 32:1622-1630.
Barsheshet et al  (2011c) Time-dependent benefit of preventive cardiac resynchronization therapy after myocardial infarction. European Heart Journal 32:1614-1621.
Brenyo et al (2011) Cardiac resynchronization therapy reduces left atrial volume and the risk of atrial tachyarrhythmias in MADIT-CRT (Multicenter Automatic Defibrillator Implantation Trial with Cardiac Resynchronization Therapy). Journal of the American College of Cardiology 58:1682-1689.
Buber et al (2011) Clinical course and outcome of patients enrolled in US and non-US centres in MADIT-CRT. European Heart Journal 32:2697-2704.
Buber et al (2012) Reduction in life-threatening ventricular tachyarrhythmias in statin-treated patients with nonischemic cardiomyopathy enrolled in the MADIT-CRT (Multicenter Automatic Defibrillator Implantation Trial with Cardiac Resynchronization Therapy). Journal of the American College of Cardiology 60:749-755.
Goldenberg et al (2010) Relation between renal function and response to cardiac resynchronization therapy in Multicenter Automatic Defibrillator Implantation Trial-Cardiac Resynchronization Therapy (MADIT-CRT). Heart Rhythm 7:1777-1782.
Goldenberg et al (2011a) Reduction of the risk of recurring heart failure events with cardiac resynchronization therapy: MADIT-CRT (Multicenter Automatic Defibrillator Implantation Trial with Cardiac Resynchronization Therapy). Journal of the American College of Cardiology 58:729-737.
Hsu et al (2012) Predictors of super-response to cardiac resynchronization therapy and associated improvement in clinical outcome: The MADIT-CRT (Multicenter Automatic Defibrillator Implantation Trial with Cardiac Resynchronization Therapy) study. Journal of the American College of Cardiology 59:2366-2373.Knappe et al (2011) Dyssynchrony, contractile function, and response to cardiac resynchronization therapy. Circulation: Heart Failure 4:433-440.
Kutyifa et al (2013) Left ventricular lead location and the risk of ventricular arrhythmias in the MADIT-CRT trial. European Heart Journal 34:184-190.
Kutyifa et al ( (2013) Dyssynchrony and the risk of ventricular arrhythmias. JACC: Cardiovascular Imaging 6:432-444.
Kutyifa et al (2013) The influence of left ventricular ejection fraction on the effectiveness of cardiac resynchronization therapy: MADIT-CRT (Multicenter Automatic Defibrillator Implantation Trial with Cardiac Resynchronization Therapy). Journal of the American College of Cardiology 61:936-944.
Martin et al (2011) Cardiac resynchronization therapy reduces the risk of cardiac events in patients with diabetes enrolled in the multicenter automatic defibrillator implantation trial with cardiac resynchronization therapy (MADIT-CRT). Circulation: Heart Failure 4:332-338.
Noyes K, Veazie P, Hall WJ, Zhao H, Buttaccio A, Thevenet-Morrison K, and Moss AJ. (2013) Cost-effectiveness of cardiac resynchronization therapy in the MADIT-CRT trial. Journal of Cardiovascular Electrophysiology 24:66-74.
Pouleur et al (2011) Relationship between improvement in left ventricular dyssynchrony and contractile function and clinical outcome with cardiac resynchronization therapy: The MADIT-CRT trial. European Heart Journal 32:1720-1729
Ruwald et al (2013) Effect of metoprolol versus carvedilol on outcomes in MADIT-CRT (Multicenter Automatic Defibrillator Implantation Trial with Cardiac Resynchronization Therapy). Journal of the American College of Cardiology 61:1518-1526.
Singh et al (2011) Left ventricular lead position and clinical outcome in the Multicenter Automatic Defibrillator Implantation Trial-Cardiac Resynchronization Therapy (MADIT-CRT) trial. Circulation 123:1159-1166. 
Solomon et al (2010) Effect of cardiac resynchronization therapy on reverse remodeling and relation to outcome: Multicenter automatic defibrillator implantation trial: Cardiac resynchronization therapy. Circulation 122:985-992. 
Veazie et al (2012) Cardiac resynchronization and quality of life in patients with minimally symptomatic heart failure. Journal of the American College of Cardiology 60:1940-1944.
Zareba et al (2011) Effectiveness of Cardiac Resynchronization Therapy by QRS Morphology in the Multicenter Automatic Defibrillator Implantation Trial-Cardiac Resynchronization Therapy (MADIT-CRT). Circulation 123:1061-1072.

	Supportive trials 

	REVERSE27,32,48-50
	Primary publication
Linde et al (2008a) Randomized Trial of Cardiac Resynchronization in Mildly Symptomatic Heart Failure Patients and in Asymptomatic Patients With Left Ventricular Dysfunction and Previous Heart Failure Symptoms. Journal of the American College of Cardiology 52:1834-1843. 
Clinical study report
Medtronic (2012) REVERSE Final Report. 30 March 2012.
Protocol
Linde et al (2006) Rationale and design of a randomized controlled trial to assess the safety and efficacy of cardiac resynchronization therapy in patients with asymptomatic left ventricular dysfunction with previous symptoms or mild heart failure—the REsynchronization reVErses Remodeling in Systolic left vEntricular dysfunction (REVERSE) study. American Heart Journal 151:288-94. 
Secondary publications
Daubert et al (2009) Prevention of Disease Progression by Cardiac Resynchronization Therapy in Patients With Asymptomatic or Mildly Symptomatic Left Ventricular Dysfunction. Insights From the European Cohort of the REVERSE (Resynchronization Reverses Remodeling in Systolic Left Ventricular Dysfunction) Trial. Journal of the American College of Cardiology 54:1837-1846.
Gold et al (2011) The impact of cardiac resynchronization therapy on the incidence of ventricular arrhythmias in mild heart failure. Heart Rhythm 8:679-684.Linde et al (2010) Cardiac resynchronization therapy in asymptomatic or mildly symptomatic heart failure patients in relation to etiology: Results from the reverse (REsynchronization reVErses Remodeling in Systolic Left vEntricular Dysfunction) study. Journal of the American College of Cardiology 56:1826-1831.
Linde et al (2008b) Baseline characteristics of patients randomized in the Resynchronization Reverses Remodeling in Systolic Left Ventricular Dysfunction (REVERSE) study. Congestive Heart Failure 14: 66-74.

	MIRACLE ICD II1
	Primary publication
Abraham et al (2004) Effects of cardiac resynchronization on disease progression in patients with left ventricular systolic dysfunction, an indication for an implantable cardioverter-defibrillator, and mildly symptomatic chronic heart failure. Circulation 110:2864-2868. 
Clinical study report
Medtronic (2003). Medtronic® model 272 INSYNC ICD® cardiac resynchronization system: Final Clinical Report. 12 February 2003.

	Relevant systematic reviewsa

	Adabag (2011)2
	Adabag et al (2011) Cardiac resynchronization therapy in patients with minimal heart failure: A systematic review and meta-analysis. Journal of the American College of Cardiology 58:935-941.

	Al-Majed (2011)3
	Al-Majed et al (2011) Meta-analysis: cardiac resynchronization therapy for patients with less symptomatic heart failure. Annals of Internal Medicine 154:401-412.

	Bertoldi (2011)15
	Bertoldi et al (2011) Mortality reduction of cardiac resynchronization and implantable cardioverter-defibrillator therapy in heart failure: An updated meta-analysis. Does recent evidence change the standard of care? Journal of Cardiac Failure 17:860-866.

	Chen (2012)24
	Chen et al (2012) Effect of cardiac resynchronization therapy and implantable cardioverter-defibrillator on quality of life in patients with heart failure: A meta-analysis. Europace 14:1602-1607.

	Lubitz (2010)52 
	Lubitz et al (2010) Effectiveness of cardiac resynchronization therapy in mild congestive heart failure: systematic review and meta-analysis of randomized trials. European Journal of Heart Failure 12:360-366.

	Santangeli (2011)73 
	Santangeli et al (2011) Cardiac resynchronization therapy in patients with mild heart failure: A systematic review and meta-analysis. Journal of Interventional Cardiac Electrophysiology 32:125-135.

	Tu (2011)78 
	Tu et al (2011) Cardiac resynchronization therapy in patients with mild heart failure: A systematic review and meta-analysis of randomized controlled trials. Cardiovascular Drugs and Therapy 25:331-340.

	Wells (2011)81 
	Wells et al (2011) Cardiac resynchronization therapy: A meta-analysis of randomized controlled trials. CMAJ 183:421-429.

	Zareba (2010)85
	Zareba (2010) Comparison of clinical trials evaluating cardiac resynchronization therapy in mild to moderate heart failure. Cardiology Journal 17:543-548.


a	The characteristics and results of the identified systematic reviews and meta-analyses are summarised in Appendix C.
MSAC Application 1223		CRT-D for mild heart failure (NYHA Class II)
MSAC Application 1223		CRT-D for mild heart failure (NYHA Class II)
MSAC Application 1223		CRT-D for mild heart failure (NYHA Class II)

OPTUM	312
Optum — Commercial-In-Confidence	viii
OPTUM	319
[bookmark: _Ref350185690][bookmark: _Toc350787163][bookmark: _Toc354394641][bookmark: _Toc357771532][bookmark: _Toc358835258][bookmark: _Toc359227819][bookmark: _Toc359248836]Table B‑4	Comparative summary of trial characteristics and results
	Study ID
	Design characteristics
	Summary of main population characteristics
	Compared interventions (N)
	Summary of results

	
	
	
	
	Primary outcomes
	Secondary outcomes

	Pivotal trials

	RAFT
	R, DB, MC, PG
	Patients with NYHA class II or III heart failure despite OMT, with:
· Sinus rhythm or permanent atrial fibrillation or flutter with a controlled ventricular rate
· LVEF ≤ 30%
· QRS duration of ≥ 120 ms or paced QRS duration of ≥ 200 ms
	CRT-D implant 
(N = 894)
versus
ICD implant 
(N = 904)


	ITT population
· Death from any cause or hospitalisation for heart failure occurred in 33.2% of patients in the CRT-D arm, versus 40.3% of patients in the ICD arm, over a mean follow-up duration of 40 (SD, 20) months
· RR for death from any cause or hospitalisation for heart failure: 0.83 (95% CI, 0.73 to 0.93), in favour of CRT‑D, over a mean follow-up duration of 40 (SD, 20) months

NYHA class II subgroup
· Death from any cause or hospitalisation for heart failure occurred in 27.3% of patients in the CRT-D arm, versus 34.7% of patients in the ICD arm, over a mean follow-up duration of 40 (SD, 20) months
· RR for death from any cause or hospitalisation for heart failure: 0.71 (95% CI, 0.56 to 0.88), in favour of CRT-D

	ITT population
· All-cause mortality: 20.8% for CRT-D versus 26.1% for ICD (RR, 0.80; 95% CI, 0.67 to 0.94)
· Cardiovascular mortality: 14.5% for CRT-D versus 17.9% for ICD (RR, 0.81; 95% CI, 0.66 to 1.0)
· Hospitalisation for heart failure: 19.5% for CRT-D versus 26.1% for ICD (RR, 0.75; 95% CI, 0.63 to 0.89)
· Device-related hospitalisation: 20.0% for CRT-D versus 12.2% for ICD (RR, 1.65; 95% CI, 1.32 to 2.05)
· AEs occurring within 30 days of implant: 13.3% for CRT-D versus 6.8% for ICD

NYHA class II subgroup
· All-cause mortality: 15.5% for CRT-D versus 21.2% for ICD (RR, 0.79; 95% CI, 0.67 to 0.92)
· Cardiovascular mortality: 10.5% for CRT-D versus 13.7% for ICD (RR, 0.76; 95% CI, 0.58 to 0.92)
· Hospitalisation for heart failure: 16.2% for CRT-D versus 21.8% for ICD (RR, 0.75; 95% CI, 0.60 to 0.93)


	MADIT-CRT
	R, DB, MC, PG
	Patients with ischaemic cardiomyopathy (NYHA class I or II) or non-ischaemic cardiomyopathy (NYHA class II), with:
· Sinus rhythm 
· LVEF ≤ 30%
· QRS duration of ≥ 130 ms 
	CRT-D implant 
(N = 1089) 
versus 
ICD implant 
(N = 731)


	ITT population
· Death from any cause or a non-fatal heart failure event occurred in 19.1% of patients in the CRT-D arm, versus 28.4% of patients in the ICD arm, over a mean follow-up duration of 34.3 (SD, 12.2) months 
· RR for death from any cause or a non-fatal heart failure event: 0.0.67 (95% CI, 0.57 to 0.79), in favour of CRT-D
	ITT population
· All-cause mortality: 8.4% for CRT-D versus 9.3% for ICD (RR, .0.91; 95% CI, 0.57 to 0.79)
· Cardiac mortality: 4.2% for CRT-D versus 5.9% for ICD
· Heart failure event: 14.8% for CRT-D versus 25.4% for ICD (RR, 0.58; 95% CI, 0.48 to 0.70)
· Device-related hospitalisation: 20.0% for CRT-D versus 12.2% for ICD (RR, 1.65; 95% CI, 1.32 to 2.05)
· SRCs occurring within 30 days of implant: 13.3% across both treatment groups


	Supportive evidence

	REVERSE
	R, DB, MC, PG
	Patients with NYHA class I or II HF despite OMT, with:
· Sinus rhythm
· LVEF ≤ 40%
· QRS duration of ≥ 120 ms
· LV end diastolic diameter ≥ 55 mm
	CRT-D or CRT-P implant with CRT-ON
(N = 419) 
versus 
CRT-D or CRT-P implant with CRT-OFF
(N = 191)

In total, 83.3% of participants received a CRT-D and 16.7% a CRT-P
	ITT population
· At 12 months after randomisation, 16.0% of participants in the CRT-ON group were classified as having a worsened clinical composite response, compared with 21.5% of participants in the CRT-OFF group
· RR for worsened clinical composite response: 0.74 (95% CI, 0.53 to 1.06), in favour of CRT-D but not statistically significant

	ITT population
· All-cause mortality: 2.1% for CRT-ON versus 1.6% for CRT-OFF (RR, 1.37; 95% CI, 0.37 to 4.99)
· Hospitalisation due to or associated with worsening heart failure: 2.9% for CRT-ON versus 7.3% for CRT-OFF (RR, 0.39; 95% CI, 0.18 to 0.83)
· SRCs occurring during or just before implantation: 4.0% across both treatment groups

	
	
	
	
	European cohort
· At 24 months after randomisation, 18.9% of participants in the CRT-ON group were classified as having a worsened clinical composite response, compared with 34.1% of participants in the CRT-OFF group
· RR for worsened clinical composite response: 0.55 (95% CI, 0.36 to 0.85), in favour of CRT-OFF
	European cohort
· All-cause mortality: 2.2% for CRT-ON versus 8.5% for CRT-OFF (RR, 0.26; 95% CI, 0.0.08 to 0.86)
· Hospitalisation due to or associated with worsening heart failure: 6.7% for CRT-ON versus 14.6% for CRT-OFF (RR, 0.46; 95% CI, 0.21 to 0.97)
· SRCs occurring during or just before implantation: 4.0% across both treatment groups


	MIRACLE ICD II
	R, DB, MC, PG
	Patients with NYHA class II HF despite OMT, with:
· LVEF ≤ 35%
· QRS duration of ≥ 130 ms
· LV end diastolic diameter ≥ 55 mm

	CRT-D implant with CRT‑ON (N = 85) 
versus 
CRT-D implant with CRT-OFF (N = 101)

	ITT population
At 6 months after randomisation, mean change in peak VO2 from baseline was 0.5 mL/kg/min-1 (SD 3.2) for CRT-ON versus 0.2 mL/kg/min-1 (SD 3.2) for CRT-OFF, with no significant difference between treatment arms (P=0.87) 
	ITT population
· All-cause mortality: 2.4% for CRT-ON versus 2.0% for CRT-OFF 
· Worsened overall clinical status: 20.0% for CRT-ON versus 30.7% for CRT-OFF
· At six months after randomisation, participants in the CRT-ON group had improved exercise time and 6 minute walk distance, but these results were not statistically different from the CRT-OFF group
· Echocardiographic assessments showed that participants in the CRT-ON group had significantly reduced left ventricular end diastolic and end systolic volumes and a significantly improved LVEF
· Peri-operative complications: 22% across both treatment groups


	Excluded trials

	CONTAK-CD
	R, DB, MC, CO
	Patients with NYHA class II, III or IV HF, with:
· LVEF ≤ 35%
· QRS duration of ≥ 120 ms
	CRT-D implant with CRT‑ON (N = 245) 
versus 
CRT-D implant with CRT-OFF (N = 245)
	ITT population
· Heart failure progression events occurred in 32.2% of patients in the CRT-ON group, versus 38.4% of patients in the CRT-OFF group, over the six month trial duration (not statistically significant)
	ITT population
· Mean change in peak VO2 from baseline: 0.8 ml/kg/min versus 0.0 ml/kg/min (P=0.03), in favour of CRT-ON
· Mean change in 6MWD 35 m versus 15m (P=0.043), in favour of CRT-ON
· No differences between treatment groups in mean change in NYHA class or mean change in NYHA score


Abbreviations: 6MWD, 6-minute walk distance; CI, confidence interval; CO, crossover; CRT-D, cardiac resynchronisation device capable of defibrillation; CRT-ON, cardiac resynchronisation activated; CRT-OFF, cardiac resynchronisation not activated; DB, double blind; ICD, implantable cardioverter-defibrillator; ITT, intention-to-treat; MC, multicentre; NYHA, New York Heart Association; PG, parallel group; R, randomised; RR, relative risk; SRC, system-related complication
Source: Tang et al (2009)76, Tang et al (2010)77, Moss et al (2005)57, Moss et al (2009)58, Linde et al (2006)49, Linde et al (2008a)48, Abraham et al (2004)1, Higgins et al (2003)41
A.11 [bookmark: _Toc354996503][bookmark: _Toc357771565][bookmark: _Toc359248746]Assessment of the measures taken to minimise bias 
Table B‑5 summarises the measures taken to minimise bias in the each of the identified studies. Due to the surgical nature of CRT-D and ICD implantation, it is not possible or appropriate to blind the medical staff responsible for device insertion, programming or interrogation. Each of the included studies, however, used specific methods to blind participants, investigators and outcome assessors to treatment assignment wherever possible. In all of the identified trials, the randomisation sequence was concealed to minimise the risk of selection bias and the primary analyses were conducted based on an intention-to-treat (ITT) approach.
[bookmark: _Ref188153279][bookmark: _Toc202001527][bookmark: _Toc205622227][bookmark: _Toc350787165][bookmark: _Toc354394643][bookmark: _Toc357771533][bookmark: _Toc358835259][bookmark: _Toc359227820][bookmark: _Toc359248837]Table B‑5	Summary of measures used to minimise bias in the included direct comparative randomised trials
	Study ID
	Concealment of randomisation
	
	Blinding
	
	Basis of analysisa

	 
	 
	Participants
	Investigators
	Outcome assessors
	

	Pivotal trials
	
	
	
	
	

	RAFT
	Central telephone randomisation service
	Yes
	Yes
	Yes
	ITT

	MADIT-CRT
	Central web or telephone randomisation service
	Yes
	Yes
	Yesb
	ITT

	Supportive trials
	
	
	
	
	

	REVERSE
	Sealed envelopes
	Yes
	Yes
	Yes
	ITT

	MIRACLE ICD II
	Sealed envelopes
	Yes
	Yes
	Yes
	ITT


Abbreviations: ITT, intention-to-treat, PP, per-protocol
Source: Tang et al (2009)76, Tang et al (2010)77, Moss et al (2005)57, Moss et al (2009)58, Linde et al (2006)49, Linde et al (2008a)48, Abraham et al (2004)1
a	ITT population includes all patients who are allocated to a study therapy, regardless of whether or not they actually received the therapy, and regardless of whether they changed therapy during the trial.
b	In the MADIT-CRT trial, heart failure events were initially reported by physicians who were aware of the treatment assignments, but were adjudicated by a blinded committee.
A.11.1 [bookmark: _Toc354996504][bookmark: _Toc357771566][bookmark: _Toc359248747]Randomisation
RAFT
Eligible participants in the RAFT trial were randomly assigned in a 1:1 ratio to undergo either CRT-D or ICD implantation. Randomisation was implemented using a central telephone-based service, and randomisation schedules were stratified by centre, presence of atrial fibrillation, and type of ICD indicated (i.e. single-chamber or dual-chamber ICD) (Tang et al 201077).
MADIT-CRT
Eligible participants in the MADIT-CRT trial were randomly assigned in a 3:2 ratio to undergo either CRT-D or ICD implantation. Treatment allocations were made at a central coordination and data centre, and were transmitted to the enrolling clinical centre by logging on to a Web-based automated program or by telephone, after patients had undergone baseline evaluations and performed informed consent. Randomisation was stratified by study centre and type of cardiomyopathy (i.e. ischaemic or non‑ischaemic) and an algorithm was used to ensure balance in each stratum (Moss et al 200557). 
REVERSE
Eligible participants were implanted with a CRT-D or CRT-P device in accordance with local clinical practice guidelines. Those with a successful implant were then randomly assigned in a 2:1 ratio to have the CRT function activated (CRT-ON) or deactivated (CRT-OFF) (Linde et al 2008a48). The randomisation sequence was concealed using a sequential envelope-based system, and randomisation schedules were stratified by centre and the type of device implanted (i.e. CRT-D or CRT-P) (Linde et al 2008a48).
MIRACLE ICD II
[bookmark: _Ref350174743]Eligible participants with a successful CRT-D implant were randomly assigned in a 1:1 ratio to have the CRT function activated (CRT-ON) or deactivated (CRT-OFF). The randomisation sequence was concealed using a sequential envelope-based system, and randomisation schedules were stratified by study centre (Abraham et al 20041).
A.11.2 [bookmark: _Ref350253093][bookmark: _Toc350787141][bookmark: _Toc354996505][bookmark: _Toc357771567][bookmark: _Toc359248748]Blinding
RAFT
Blinding was achieved by using similar surgical procedures for CRT-D and ICD implantation and performing implantation while participants were well‑sedated or under general anaesthesia. The implanted devices were identical in size and shape. Although different electrode leads were inserted for participants in each treatment group, it was determined that participants would have no way of knowing which treatment had been allocated by touch or feel (Tang et al 200976).  In order to maintain the blinding process, participants were required to visit two separate clinics at each follow-up assessment. At each heart failure clinic visit, a blinded medical team was responsible for heart failure follow-up assessments, medication adjustments and assessment of subjective outcome measures such as cause of death or hospitalisation, changes in NYHA class, and assessment of health‑related quality of life. At each device management clinic, an unblinded medical team was responsible for ECG and device interrogation assessments. ECG and device interrogation records were concealed from the blinded team for the duration of the trial (Tang et al 200976; Tang et al 201077).
MADIT-CRT
Participants were blinded for the entire study duration. Clinical outcomes, deaths and heart failure events were documented by physicians who were aware of the treatment assignments, but were adjudicated by independent committees blinded to treatment group. These committees made decisions on whether events were heart failure or device-related based on a review of clinical data from hospital or outpatient subject records (Moss et al 200557; Moss et al 200958).
REVERSE
Participants were implanted with CRT or CRT-D devices in accordance with local clinical practice. Unblinded electrophysiology personnel were responsible for device programming, device interrogation and follow-up ECG and echocardiography assessments. The echocardiography recordings were evaluated by core labs that were not informed of treatments assigned. A blinded team of medical staff were responsible for managing heart failure, conducting physical examinations, administering quality of life questionnaires and assessing NYHA class. Investigators were asked to report all adverse events, which were classified as being heart failure-related or device-related by an independent Adverse Event Advisory/Endpoint Committee blinded to treatment modality. An unblinded independent Data Monitoring Committee consisting of three physician-scientists and a statistician reviewed accumulating adverse events, hospitalisation, and mortality data to monitor for safety issues. In the US and Canada, treatment allocations were revealed 12 months after device implantation. In Europe, blinding was maintained for a total of 24 months (Linde et al 200649; Linde et al 2008a48).
MIRACLE ICD II
Participants in both treatment groups were implanted with identical CRT-D devices. Only the electrophysiologist responsible for device programming was aware of whether the CRT function had been activated or deactivated, and this person was responsible for performing all tests that could reveal the identity of the assigned mode. Blinding was maintained for six months after device implantation. After the final blinded follow-up visit, treatment allocations could be revealed, and CRT could be activated in patients initially assigned to receive ICD therapy alone (Abraham et al 20041).
A.11.3 [bookmark: _Toc350787142][bookmark: _Toc354996506][bookmark: _Toc357771568][bookmark: _Toc359248749]Adequacy of follow-up
Table B‑6 summarises the flow of participants through each of the identified studies. Only a small number of participants died, discontinued or were lost to follow-up in each study. Some participants switched treatments during the blinded phase of each trial, however all trials assessed results on the basis of the original treatment assignment (ITT). 
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	Study ID
	No. randomised
	Did not receive intervention
	Withdrawal or lost to follow‑up
	Analysed

	
	N
	n (%)
	n (%)
	n (%)

	Pivotal trials

	RAFT
	
	
	
	

	CRT-D
	894
	6 (0.7)
	10 (1.1)
	894 (100)

	ICD
	904
	5 (0.6)
	5 (0.6)
	904 (100)

	MADIT-CRT
	
	
	
	

	CRT-D
	1089
	11 (1.0)
	44 (4.0)
	1089 (100)

	ICD
	731
	19 (2.6)
	55 (7.5)
	731 (100)

	Supportive trials

	REVERSEa
	
	
	
	

	CRT-ON
	419
	0 (0)
	0 (0)
	419 (100)

	CRT-OFF
	191
	0 (0)
	0 (0)
	191 (100)

	MIRACLE ICD IIb
	
	
	
	

	CRT-ON
	85
	0 (0)
	3 (3.5)
	85 (100)

	CRT-OFF
	101
	0 (0)
	3 (3.0)
	101 (100)


Abbreviations: CRT-D, cardiac resynchronisation therapy device capable of defibrillation; ICD, implantable cardioverter-defibrillator
Source: Tang et al (2010)77, Moss et al (2009)58, Linde et al (2008a)48, Abraham et al (2004)1
a	Participants in the REVERSE trial were randomised after successful CRT-D or CRT implantation. The trial enrolled a total of 684 patients with NYHA class I or II heart failure. Of those, 648 completed a baseline assessment, and 621 were successfully implanted with a CRT-D (83.3%) or CRT-P (16.7%) device. Eleven participants with a successful implant were not randomised for a variety of reasons. In total, 610 implanted patients were included and randomised in this trial.
b	Participants in the MIRACLE ICD II trial were randomised after successful CRT-D implantation. The trial initially enrolled 222 patients with NYHA class II heart failure. Of those, 210 patients underwent an implant attempt, and implantation was successful in 191 patients. During the period between implantation and randomisation, one patient died and four had left ventricular lead dislodgements that were not corrected. A total of 186 implanted patients were therefore randomised in this trial.
RAFT
The RAFT trial enrolled a total of 1798 patients with NYHA II or III heart failure. Of the 894 patients randomised to receive CRT-D implantation, 888 (99.3%) underwent device implantation. Reasons for non-implantation included four cases in which the patient died before surgery and two cases in which the patient or physician declined to participate. Left ventricular lead implantation was successful in 841 (94.1%) of participants in the CRT-D group. In 802 cases this was successful during the initial implant attempt and in 39 cases this was successful during a subsequent implant attempt. Of the 904 patients randomised to receive ICD implantation, 899 (99.4%) underwent device implantation. Reasons for non-implantation included four cases in which the patient or physician declined to participate and once case in which there was lack of venous access. A small proportion of participants in the ICD group crossed over to receive cardiac resynchronisation in addition to ICD before the occurrence of a primary outcome event (36 cases, 4.0%), or after hospitalisation for heart failure (60 cases, 6.0%). Fifty-three (6.0%) participants in the CRT-D group did not receive cardiac resynchronisation due to left ventricular lead failure (47 cases) or lead malfunction (6 cases). Ten participants in the CRT-D group and five in the ICD group discontinued early or were lost to follow-up during the trial. Missing data was considered to be missing at random, and was handled using mixed methods repeated measures (MMRM) and multiple imputation techniques (Tang et al 201077).
MADIT-CRT
The MADIT-CRT trial enrolled a total of 1820 patients with NYHA class I or II heart failure. Of the 1089 patients randomised to receive CRT-D implantation, 11 (1.0%) did not undergo device implantation and 82 (7.5%) crossed over to receive ICD implantation because of technical difficulties in positioning the left ventricular electrode lead in the coronary vein. Of the 731 patients randomised to receive ICD implantation, 19 (2.6%) did not undergo device implantation and 91 (12.4%) crossed over to receive a CRT-D device during the trial. Overall, 98.4% of participants received either CRT-D or ICD implantation, and 95.4% of participants received the device to which they had been assigned. A total of 44 (4.0%) participants in the CRT-D group and 55 (7.5%) participants in the ICD group declined to continue participating in the study, were withdrawn by a physician, or were lost to follow-up. Devices were removed during the trial for a variety of reasons in 14 (1.3%) participants in the CRT-D group and in 5 (0.7%) participants in the ICD group. The study was designed to minimise the amount of missing data.  Standard data collection procedures were applied and monitoring was performed during the course of the study in order to minimise the amount of missing data.  Methods of survival analysis (e.g. Kaplan-Meier methods and log-rank statistics) were used to analyse all available data as appropriate for study endpoints.  These standard methods use the maximal amount of information for patients that have not yet experienced an event.  All sensitivity analysis results were consistent with the main results suggesting that the endpoint was robust with respect to different assumptions. (Moss et al 200557; Moss et al 200958; MADIT-CRT CSR17). 
REVERSE
The REVERSE trial enrolled a total of 684 patients with NYHA class I or II heart failure, of whom 648 (94.7%) completed a baseline assessment, and 621 (90.8%) were successfully implanted with a CRT-D or CRT-P device. Eleven of the 621 participants with a successful device implant were not randomised for the following reasons: inclusion criteria not met, complete heart block, atrial arrhythmias, left ventricular lead dislodgment, loss of capture, death, heart failure status, and surgical epicardial left ventricular lead use. The remaining 610 participants were randomly assigned to have the CRT function activated (CRT-ON, n = 419) or deactivated (CRT-OFF, n = 191).  No randomised patients discontinued early or were lost to follow-up. Six participants crossed over from the CRT-ON group to the CRT-OFF group due to worsening heart failure, diaphragmatic nerve stimulation, persistent atrial fibrillation or incorrect programming. Fourteen patients crossed over from the CRT-OFF group to the CRT-ON group due to worsening heart failure, patient unwillingness to remain in the assigned mode and inadvertent erroneous programming. Missing data was handled using the last observation carried forward (LOCF) approach (Linde et al 2008a48).
MIRACLE ICD II
The MIRACLE ICD II trial enrolled a total of 222 participants with NYHA class II heart failure, of whom, 191 (90.9%) successfully received a CRT-D device. One participant with a successful CRT-D implant died between surgery and randomisation, and four patients experienced left ventricular lead dislodgements that were not corrected. The remaining 186 implanted participants were randomly assigned to have the CRT function activated (CRT-ON, n = 85) or deactivated (CRT-OFF, n = 101).  Of the 85 participants assigned to the CRT-ON group, two died, one was lost to follow-up and two crossed over from active CRT to no CRT because of left ventricular lead dislodgement or diaphragmatic stimulation. Of the 101 participants assigned to the CRT-OFF group, two died, one was lost to follow-up and five crossed over to receive active CRT because of bradycardia, a centre error, or pacemaker dependency after atrioventricular node ablation for atrial flutter. Missing data was handled using the LOCF approach (Abraham et al 20041).
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A.12.1 [bookmark: _Toc130784504][bookmark: _Toc316465612][bookmark: _Toc350787145][bookmark: _Toc354996508][bookmark: _Toc357771570][bookmark: _Toc359248751]Eligibility criteria
Table B‑7 summarises the main inclusion and exclusion criteria for each direct comparative trial presented in this application. These criteria were broadly consistent, with each trial including heart failure patients with a low LVEF and a prolonged QRS duration, despite optimised medical therapy, and excluding those who had experienced recent cardiovascular events, or had heart failure due to valvular disease. Unlike the other trials, RAFT included a subgroup of participants with permanent atrial fibrillation or flutter. This subgroup accounted for 12.7% of the overall RAFT trial population (Tang et al 201077).
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	Criteria
	RAFTa,b
	MADIT-CRT
	REVERSE
	MIRACLE ICD II

	Inclusion criteria

	Patients with chronic heart failure
	
	
	
	

	· Functional class
	II or III
	I or II
	I or II
	II

	· Sinus rhythm
	-
	
	
	-

	· LVEF
	≤ 30%
	≤ 30%
	≤ 40%
	≤ 35%

	· QRS duration
	≥ 120 ms
	≥ 130 ms
	≥ 120 ms
	≥ 130 ms

	· LV end diastolic dimension
	-
	-
	≥ 55 mm
	≥ 55 mm

	Stable optimised medical therapy 
	
	
	
	

	Provided written informed consent
	
	
	
	

	Exclusion criteria

	Chronic or persistent atrial arrhythmia
	-
	
	
	

	Existing indication for CRT or permanent cardiac pacing
	-
	
	
	

	Current implanted device:
	
	
	
	

	· Implanted pacemaker
	-
	
	
	-

	· Implanted ICD
	
	
	
	-

	Limited life expectancy (≤ 6 months or ≤ 12 months)
	
	-
	
	

	Recent cardiovascular event (e.g. unstable angina, acute MI, CABG or percutaneous coronary intervention)
	
	
	
	

	Severe valvular disease or other restrictive, hypertrophic or reversible forms of cardiomyopathy 
	
	
	
	

	Prosthetic heart valve
	
	-
	
	-

	Heart transplant:
	
	
	
	

	· Expected within 12 months
	
	-
	-
	-

	· Previous heart transplant
	-
	-
	
	

	Major co-existing condition (e.g. liver dysfunction or severe lung disease)
	
	
	
	


Abbreviations: CABG, coronary artery bypass graft; CRT, cardiac resynchronisation therapy; CRT-D, cardiac resynchronisation therapy device capable of defibrillation; LV, left ventricular; LVEF, left ventricular ejection fraction; MI, myocardial infarction
Source: Tang et al 200976; Moss et al 200557; Linde et al 200649; Abraham et al 20041; Young et al 200383
a	The RAFT trial initially enrolled patients with NYHA II or III heart failure. Partway through the trial, evidence from a different study (Cleland et al 200525) suggested a mortality benefit for CRT in patients with NYHA class III heart failure who had not undergone implantation of an ICD and there were subsequent changes in clinical practice guidelines. The protocol for the RAFT trial was revised in February 2006 to only include patients in NYHA class II (Tang et al 201077).  Patients with an existing pacemaker were included if they satisfied all other inclusion/exclusion criteria and had a paced QRS duration of 200 ms or more (Tang et al 200976). 
b	The subgroup with permanent atrial fibrillation or flutter was specifically defined as having chronic persistent atrial tachyarrhythmia with resting ventricular heart rate ≤ 60 bpm and 6- minute hall walk heart rate of ≤ 90 bpm OR chronic persistent atrial tachyarrhythmia with resting ventricular heart rate > 60 bpm and 6 Minute Hall Walk Ventricular Heart Rate of > 90 bpm and booked for atrioventricular junction ablation.
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Table B‑8 summarises the demographic and disease characteristics of participants in the pivotal and supportive trials at baseline. Apart from the fact that the RAFT trial included a subgroup with permanent atrial fibrillation or flutter, there were no major differences between treatment groups or between studies. Over 80% of the population in each trial had NYHA class II heart failure. The mean LVEF in each trial was less than 30% and the mean QRS duration in each trial was greater than 150 ms. 
The baseline demographic and disease characteristics of participants in the European cohort of the REVERSE trial are compared with those of the ITT population, and the non-European cohort in Table B‑9. Participants enrolled at study centres located in Europe were significantly younger than those enrolled at study centres located in the US and Canada, with fewer comorbidities. The European cohort had a lower mean LVEF than the non-European cohort, but a longer intrinsic QRS duration (P<0.05 for both comparisons). Fewer participants enrolled in the European cohort received a CRT-D implant (68% versus 95%; P=0.0001).
The applicability of information sourced from the pivotal trials to the proposed MBS population is discussed in detail in Section C.1.
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	Characteristic
	RAFT
	MADIT-CRT
	REVERSE
	MIRACLE ICD II

	
	CRT-D
(N = 894)
	ICD
(N = 904)
	CRT-D
(N = 1089)
	ICD
(N = 731)
	CRT-ON
(N = 419)
	CRT-OFF
(N = 191)
	CRT-ON
(N = 85)
	CRT-OFF
(N = 101)

	Age, years – mean (SD)
	66.1 (9.3)
	66.2 (9.4)
	65 (11)
	64 (11)
	62.9 (10.6)
	61.8 (11.6)
	63.0 (12.8)
	63.1 (12.1)

	Male sex – n (%)
	758 (84.8)
	732 (81.0)
	814 (74.7)
	553 (75.6)
	327 (78.0)
	152 (80.0)
	75 (88.2)
	91 (90.1)

	Underlying heart disease – n (%)
	
	
	
	
	
	
	
	

	· Ischaemic
	614 (68.7)
	587 (64.9)
	598 (54.9)
	401 (54.9)
	236 (56.3)
	97 (50.7)
	47 (55.3)
	59 (58.4)

	· Non-ischaemic
	280 (31.3)
	317 (35.1)
	491 (45.1)
	330 (45.1)
	183 (43.7)
	94 (49.2)
	38 (44.7)
	42 (41.6)

	NYHA class – n (%)
	
	
	
	
	
	
	
	

	· Class I
	NA
	NA
	152 (14.0)
	113 (15.5)
	75 (17.9)
	32 (16.8)
	NA
	NA

	· Class II
	708 (79.2)
	730 (80.8)
	937 (86.0)
	618 (84.5)
	344 (82.1)
	159 (83.2)
	85 (100)
	101 (100)

	· Class III
	186 (20.8)
	174 (19.2)
	NA
	NA
	NA
	NA
	NA
	NA

	LVEF
	
	
	
	
	
	
	
	

	· Mean (SD)
	22.6 (5.4)
	22.6 (5.1)
	24 (5)
	24 (5)
	26.4 (7.1)
	26.8 (7.0)
	24.4 (6.6)
	24.6 (6.7)

	· LVEF ≤ 30% - n (%)
	894 (100)
	904 (100)
	1089 (100)
	731 (100)
	NR
	NR
	NR
	NR

	Intrinsic QRS duration
	
	
	
	
	
	
	
	

	· QRS duration – mean (SD)
	157 (23.6)
	158.3 (24.0)
	NR
	NR
	153 (21)
	154 (24)
	166 (25)
	165 (23)

	· QRS duration ≥ 150 ms – n, (%)
	NR
	NR
	699 (64.2)
	476 (65.1)
	NR
	NR
	NR
	NR

	QRS morphologic type – n (%)
	
	
	
	
	
	
	
	

	· Left bundle branch block
	652 (72.9)
	643 (71.1)
	761/1088 (69.9)
	520/729 (71.3)
	NR
	NR
	NR
	NR

	· Right bundle branch block
	68 (7.6)
	93 (10.3)
	136/1088 (12.5)
	92/729 (12.6)
	NR
	NR
	10 (11.8)
	21 (20.8)

	· NIVCD
	106 (11.9)
	101 (11.2)
	NR
	NR
	NR
	NR
	NR
	NR

	· Ventricular paced
	68 (7.6)
	67 (7.4)
	-
	-
	-
	-
	-
	-

	Atrial rhythm – n (%)
	
	
	
	
	
	
	
	

	· Sinus rhythm
	780 (87.2)a
	789 (87.3)b
	1089 (100)
	731 (100)
	419 (100)
	191 (100)
	NR
	NR

	· Permanent atrial fibrillation or flutter
	114 (12.8)
	115 (12.7)
	NA
	NA
	NA
	NA
	NR
	NR

	CRT-D implanted – n (%)
	NA
	NA
	NA
	NA
	345 (82.3)
	163 (85.3)
	NA
	NA

	Cardiac risk factors – n (%)
	
	
	
	
	
	
	
	

	· BMI ≥ 30
	NR
	NR
	385/1072 (35.9)
	263/723 (36.4)
	NR
	NR
	NR
	NR

	· Cigarette smoking
	121 (13.5)
	127 (14.0)
	122/1069 (11.4)
	92/717 (12.8)
	NR
	NR
	NR
	NR

	· Diabetes 
	293 (32.8)
	313 (34.6)
	329/1088 (30.2)
	223/729 (30.6)
	91 (21.7)
	46 (24.0)
	36/85 (42.4)
	41/101 (40.6)

	· Hospitalised for heart failure in previous 6 months
	238 (894)
	223 (904)
	NR
	NR
	NR
	NR
	NR
	NR

	· Hypertension
	402 (45.0)
	397 (43.9)
	691/1085 (63.7)
	461/730 (63.2)
	NR
	NR
	NR
	NR

	· Peripheral vascular disease
	88 (9.8)
	90 (10.0)
	NR
	NR
	NR
	NR
	NR
	NR

	· Previous percutaneous coronary intervention
	220 (24.6)
	208 (23.0)
	NR
	NR
	NR
	NR
	NR
	NR

	· Previous CABG
	293 (32.8)
	313 (34.6)
	317/1088 (29.1)
	208/730 (28.5)
	NR
	NR
	30/84 (35.7)
	30/97 (30.9)

	Medication use – n (%)
	
	
	
	
	
	
	
	

	· ACE inhibitor
	NR
	NR
	839 (77.0)
	563 (77.0)
	330 (78.8)
	151 (79.1)
	83 (97.6)
	96 (95.0)

	· ARB
	NR
	NR
	227 (20.8)
	148 (20.2)
	88 (21.0)
	39 (20.4)
	NR
	NR

	· ACE inhibitor or ARB
	859 (96.1)
	878 (97.1)
	1039 (95.4)
	699 (95.6)
	404 (96.4)
	186 (97.4)
	NR
	NR

	· Aldosterone antagonist
	NR
	NR
	352 (32.3)
	226 (30.9)
	NR
	NR
	NR
	NR

	· Amiodarone
	140 (15.7)
	124 (13.7)
	78 (7.2)
	51 (7.0)
	NR
	NR
	NR
	NR

	· Aspirin
	584 (65.3)
	622 (68.8)
	NR
	NR
	NR
	NR
	NR
	NR

	· Beta blocker
	808 (90.4)
	805 (89.0)
	1016 (93.3)
	681 (93.2)
	401 (95.7)
	179 (93.7)
	54 (63.5)
	64 (63.4)

	· Calcium-channel blocker
	101 (11.3)
	83 (9.2)
	NR
	NR
	NR
	NR
	NR
	NR

	· Clopidrogel
	134 (15.0)
	145 (16.0)
	NR
	NR
	NR
	NR
	NR
	NR

	· Digitalis or digoxin
	301 (33.7)
	319 (35.3)
	291 (26.7)
	177 (24.2)
	NR
	NR
	NR
	NR

	· Diuretic
	757 (84.7)
	756 (83.6)
	824 (75.7)
	533 (72.9)
	339 (80.9)
	148 (77.5)
	74 (87.1)
	81 (80.2)

	· Lipid-lowering medication
	NR
	NR
	NR
	NR
	NR
	NR
	NR
	NR

	· Spironolactone
	372 (41.6)
	378 (41.8)
	NR
	NR
	NR
	NR
	NR
	NR

	· Statin
	607 (67.9)
	618 (68.4)
	735 (67.5)
	491 (67.2)
	NR
	NR
	NR
	NR

	· Warfarin
	310 (34.7)
	298 (33.0)
	NR
	NR
	NR
	NR
	NR
	NR

	· Other antiarrhythmic
	12 (1.3)
	8 (0.9)
	12 (1.1)
	3 (0.4)
	NR
	NR
	30 (35.3)
	33 (32.7)


Abbreviations: ACE, angiotensin-converting enzyme; ARB, angiotension II receptor blocker; CABG, coronary artery bypass graft; CRT-D, cardiac resynchronisation therapy; NYHA, New York Heart Association; NA, not applicable; NR, not reported; SD, standard deviation
Source: Tang et al (2010)77; Moss et al (2009)58; Linde et al (2008a)48; Linde et al (2008b)50; Abraham et al (2004)1
a	Includes patients with an atrial pacemaker.
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	Characteristic
	ITT population
	European cohort 
	Non-European cohort
	P-valuea

	
	(N = 610)
	 (N = 262)
	 (N=348)
	

	Age, years – mean (SD)
	62.5 (11.0)
	61.3 (10.4)
	63.4 (11.3)
	0.02

	Male sex – n (%)
	479 (78.5)
	212 (80.9)
	264 (75.9)
	0.16

	Underlying heart disease – n (%)
	
	
	
	

	· Ischaemic
	333 (54.6)
	115 (43.8)
	219 (62.9)
	<0.0001

	· History of myocardial infarction
	281 (46.1)
	89 (34.0)
	191 (54.9)
	<0.0001

	NYHA class II – n (%)
	502 (82.3)
	217 (82.8)
	285 (81.9)
	0.75

	LVEF – mean (SD)
	26.7 (7.0)
	28.0 (6.8)
	26.2 (6.4)
	0.001

	Intrinsic QRS duration – mean (SD)
	153.3 (22.0)
	156 (23)
	151 (21)
	0.008

	Cardiac risk factors – n (%)
	
	
	
	

	· Diabetes
	137 (22.5)
	39 (14.9)
	97 (27.9)
	<0.0001

	· Hypertension
	313 (51.3)
	89 (34.0)
	230 (66.1)
	<0.0001

	· Peripheral vascular disease
	49 (8.0)
	13 (5.0)
	38 (10.9)
	0.02

	Medication use – n (%)
	
	
	
	

	· ACE inhibitor
	481 (78.9)
	260 (99.2)
	254 (73.0)
	<0.0001

	· ACE inhibitor or ARB
	487 (79.8)
	225 (85.9)
	331 (95.1)
	0.0003

	· Beta blocker
	580 (95.1)
	246 (93.8)
	334 (96.0)
	0.13

	· Diuretic
	487 (79.8)
	223 (85.1)
	264 (75.9)
	0.006

	CRT-D implanted
	508 (83.2)
	178 (67.9)
	331 (95.1)
	<0.0001


Abbreviations: ACE, angiotensin-converting enzyme; ARB, angiotension II receptor blocker; CABG, coronary artery bypass graft; CRT-D, cardiac resynchronisation therapy; NYHA, New York Heart Association; NA, not applicable; NR, not reported; SD, standard deviation
Source: Linde et al (2008b)50; Daubert et al (2009)27
a	European versus non-European comparison
A.12.3 [bookmark: _Toc354996510][bookmark: _Toc357771572][bookmark: _Toc359248753]Intervention details and duration of follow-up
Table B‑10 compares the specific interventions compared in each of the pivotal and supportive studies. It also presents the mean duration of follow-up within each trial, at the time that the primary endpoint was assessed. 
As discussed in Section B.2, the pivotal trials, RAFT and MADIT-CRT, directly compared the safety and efficacy of CRT-D implantation (the proposed medical service) to ICD implantation (the main comparator). The supportive trials, REVERSE and MIRACLE ICD II, compared the safety and efficacy of activating or deactivating biventricular pacing in patients who had successfully received a CRT-D (or in some cases CRT-P) implant (i.e. CRT-ON versus CRT-OFF). 
In all trials, participants were maintained on optimised medical therapy, which may have included ACE inhibitors, beta-blockers, angiotensin II receptor antagonists and other medications. Specific details of the devices and programming methods used in each trial are provided in footnotes below.
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	Study ID
	Intervention
	Comparator
	Duration of follow-up

	Pivotal trials

	RAFT
	CRT-D implanta
CRT function activated
Optimised medical therapy
	ICD implanta 
No CRT function
Optimised medical therapy
	40 ± 20 months

	MADIT-CRT
	CRT-D implantb
CRT function activated
Optimised medical therapy
	ICD implantb 
No CRT function
Optimised medical therapy
	34.3 ± 12.2 months 

	Supportive trials

	REVERSE
	CRT-D or CRT-P implantc
CRT function activated  (CRT-ON)d
Optimised medical therapy
	CRT-D or CRT-P implantc
CRT function deactivated  (CRT-OFF)e
Optimised medical therapy
	12 or 24 months 


	MIRACLE ICD II
	CRT-D implantf
CRT function activated  (CRT-ON)g
Optimised medical therapy
	CRT-D implantf
CRT function deactivated  (CRT‑OFF)h
Optimised medical therapy
	6 months


Abbreviations: CRT, cardiac resynchornisation therapy; CRT-D, cardiac resynchronisation therapy device capable of defibrillation; ICD, implantable cardioverter-defibrillator
Source: Tang et al (2010)77; Moss et al (2009)58; Moss et al (2005)57; Linde et al (2006)49; Linde et al (2008a)48; Abraham et al (2004)1
a	The RAFT trial used commercially available devices and leads (Medtronic) and implantation was performed using standard techniques. During CRT-D implantation, the left ventricular lead was placed within lateral or posterolateral wall of the left ventricle whenever possible. Device programming was standardised to minimise ventricular pacing in the ICD group, maximize ventricular pacing in the CRT-D group, and provide uniform arrhythmia detection and therapy.  Details regarding programming measures for the devices are available online at: http://www.nejm.org/doi/suppl/10.1056/NEJMoa1009540/suppl_file/nejmoa1009540_appendix.pdf 
b	The MADIT-CRT trial used commercially available transvenous leads and devices (Boston Scientific) and implantation was performed using standard techniques. In the CRT–D group, the programmed mode was DDD with a lower rate of 40 bpm and hysteresis off. In the ICD group, the programmed pacing mode was VVI for single-chamber units and DDI for dual-chamber units, with lower rates of 40 bpm and hysteresis off in both single- and dual-chamber units. Further details are available in the trial protocol (Moss et al 200557).
c 	To receive a CRT-D implant in the REVERSE trial, participants were required to have an indication for an ICD according to US, Canadian or European clinical practice guidelines. The trial used commercially available transvenous leads and devices (Medtronic) and implantation was performed using standard techniques. It was recommended that the left ventricular lead be positioned in the lateral or posterolateral left ventricular wall, midway between the base and apex. If the left ventricular lead implantation was unsuccessful, the trial protocol recommended seeking the assistance of an experienced colleague to increase the potential for a successful reimplant. Epicardial left ventricular lead placements were dis allowed. In total, 83.3% of participants received a CRT-D and 16.7% received an ICD.
d	Device programmed to a mode that paced both ventricles and inhibited atrial pacing unless the intrinsic rate was ≤ 35 bpm.
e	Device programmed to inhibit atrial or ventricular pacing unless the intrinsic rate was ≤ 35 bpm.  Further details are available in the trial protocol (Linde et al 200649).
f	Participants in both arms of the MIRACLE ICD II trial were implanted with CRT-D devices ( model 7272 InSync ICD, Medtronic).
g	Device programmed to a mode that paced both ventricles simultaneously after atrial sensed events at rates of ≤ 130 bpm. Atrial pacing occurred only for sinus rates of ≤ 35 bpm. 
h	Device programmed to inhibit atrial or ventricular pacing unless the intrinsic rate was < 35 bpm.
A.13 [bookmark: _Toc350787148][bookmark: _Toc354996511][bookmark: _Toc357771573][bookmark: _Toc359248754]Outcome measures and analyses
A.13.1 [bookmark: _Ref350516341][bookmark: _Toc350787150][bookmark: _Toc354996512][bookmark: _Toc357771574][bookmark: _Toc359248755]Primary outcomes and analyses
[bookmark: _Ref350445454]Table B‑11 defines the primary outcome for each of the identified trials, together with the method of primary statistical analysis. 
In the RAFT, MADIT-CRT and REVERSE trials, the primary outcome was defined as a composite of all‑cause mortality and/or heart failure events (including hospitalisation for heart failure).  Composite end points are often used in cardiology trials to provide an overall estimate of the effect of an intervention. Such outcomes are appropriate under circumstances when multiple end points are considered to be clinically important and/or clinically related. The use of such outcomes can also increase statistical power, decreasing the sample size required (Lim et al 200847). 
The MIRACLE ICD II trial was specifically designed to examine whether the addition of CRT to ICD limits disease progression and improves exercise performance in patients with NYHA class II heart failure, compared to ICD alone. The primary outcome was defined as the change in peak oxygen consumption (VO2) from baseline to six months after randomisation. This is measured in units of mL·kg‑1·min-1. Peak VO2 was established to be the oxygen consumption at peak exercise when the respiratory gas exchange ratio (VCO2/VO2) was greater than 1.0. In patients with chronic heart failure, this outcome has a strong correlation with both cardiac output and blood flow (Reddy et al 198869).
[bookmark: _Ref350767759][bookmark: _Toc350787171][bookmark: _Toc354394648][bookmark: _Toc357771539][bookmark: _Toc358835265][bookmark: _Toc359227826][bookmark: _Toc359248843]Table B‑11	Primary outcomes and statistical analyses of pivotal and supplementary trials
	Trial ID
	Definition of primary outcome
	Method of primary statistical analysis

	Pivotal trials

	RAFT
	Death from any cause or hospitalisation for heart failure 
Death from any cause included any death that occurred during the study. Hospitalisation for heart failure was defined as admission to a health care facility lasting more than 24 hours with symptoms of congestive heart failure and subsequent treatment for heart failure.
	SAS Software (V 9.2) was used to conduct all statistical analyses. The time in study for each subject started on the day of randomisation and continued until study exit or study completion. All randomised subjects were included in the analysis of the primary objective, regardless of exit status (ITT).
Survival data was analysed using Kaplan-Meier product limit estimates, and the nonparametric log-rank test procedure was used for comparing survival curves. The Cox proportional hazards model was used to estimate hazard ratios. The MCID was defined as relative risk reduction of 25%.
Pre-specified subgroup analyses included atrial fibrillation versus no atrial fibrillation and NYHA class II versus NYHA class III.

	MADIT-CRT
	Death from any cause or non-fatal heart failure event 
Heart failure events were defined by symptoms and/or signs consistent with congestive heart failure and:
· Required intravenous decongestive therapy > 2 hours (IV diuretics, IV neseritide, IV inotropes), that does not involve formal inpatient hospital admission, regardless of the setting (i.e. in an emergency room setting, in the physician’s office, etc); OR
· Required an augmented heart failure regimen with oral or intravenous medications during an in-hospital stay (formal hospital admission is defined as admission to hospital that includes a calendar date change).

	ITT analysis using a Wang–Tsiatis (Δ = 0.1 category) group-sequential design with a power of 95% to detect a hazard ratio of 0.75 at a two-sided significance level of 0.05. The trial involved pre-specified event monitoring by an independent data and safety monitoring board at up to 20 successive multiples of approximately 35 adjudicated events (defined in terms of variance of the log-rank statistic), with stopping boundaries specified for termination of the trial in favour of CRT-D, ICD, or for no significant difference. The primary outcome was analysed based on the statistical log-rank test stratified according to study centre and ischemia status. A similarly stratified Cox proportional hazards regression model was used to estimate hazard ratios. Both of these analyses were adjusted for the group-sequential stopping rule and incorporated late reported events that occurred before trial termination. Additional primary analyses included Cox proportional hazards regression for heart failure alone; for death at any time; for evaluation of 10 pre-specified categorical subgroups; and for testing the homogeneity of treatment effect according to time period. 

	Supportive trials

	REVERSE
	Heart failure clinical composite response (defined by Packer et al 200165)
Participants were categorised as “worsened”, “unchanged” or “improved” as follows:
· Worsened—patient dies; is hospitalised overnight due to or associated with worsening heart failure; permanently discontinues double blind treatment due to or associated with worsening heart failure, treatment failure, or lack of/insufficient therapeutic response; permanently discontinues double blind treatment due to withdrawal of consent or other administrative reason and has worsening HF at the time of study discontinuation; or demonstrates worsening in NYHA class at last observation carried forward or moderate-marked worsening of PGA  score at last observation carried forward.
· Unchanged—patient is neither improved nor worsened.
· Improved—patient has not worsened and demonstrates improvement in NYHA class at last observation carried forward and/or moderate-marked improvement in PGA score at last observation carried forward. 
	ITT analysis using the chi-square test to compare the per cent of patients worsened in each treatment group. Results were expressed as odds ratios with 95% Wald confidence limits. All P‑ values were nominal, and all statistical tests were 2-sided. Pre‑specified subgroup analyses included a comparison of ischaemic versus non‑ischaemic cardiomyopathy. Analyses were conducted with SAS software.

	MIRACLE ICD II
	Change in peak VO2 from baseline to six months
Peak VO2 was defined as the oxygen consumption at peak exercise when the respiratory gas exchange ratio (VCO2/VO2) was < 1.0. 
VO2 and VCO2 were measured during metabolic exercise testing with a breath-by-breath respiratory gas analyser. Cardiopulmonary gas exchange analysis was performed at a core laboratory with personnel blinded to treatment assignment.
	ITT analysis with differences between treatment groups compared through the use of the Wilcoxon rank‑sum test. A P-value of < 0.05 was considered statistically significant. All probability values were calculated from 2-sided tests. 
In an analysis that was not pre-specified, potential clinically relevant covariates were analysed by ANOVA with random assignment as independent variables. Investigators had full access to all data and performed analyses without restrictions or limitations from the sponsor.


Abbreviations: ANOVA, analysis of variance; CRT-D, cardiac resynchronisation therapy device capable of defibrillation; ICD, implantable cardioverter-defibrillator; ITT, intention-to-treat; IV, intravenous; MCID, minimal clinically important difference; NYHA, New York Heart Association; PGA, Patient’s Global Assessment
Source: Tang et al (2009)76; Moss et al (2005)57; Moss et al (2009)58; Linde et al (2006)49; Linde et al (2008a)48; Abraham et al (2004)1
A.13.2 [bookmark: _Toc350787151][bookmark: _Toc354996513][bookmark: _Toc357771575][bookmark: _Toc359248756]Secondary outcomes and analyses
Table B‑12 summarises the secondary outcomes and analyses reported for each of the included studies. Key patient-relevant outcomes are described in further detail below.
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	Trial ID
	Secondary outcomes
	Method of statistical analysis

	Pivotal trials

	RAFT
	Secondary outcomes:
· Death from any cause
· Death from a cardiovascular cause
· Hospitalisation for any cause
· Hospitalisation for a cardiovascular cause
· Hospitalisation for heart failure
· Device-related hospitalisation
· Heart transplantation
· AEs occurring within 30 days of implant
	SAS Software (V 9.2) was used to conduct statistical analyses. All survival data was analysed using Kaplan-Meier product limit estimates, and the nonparametric log-rank test procedure was used for comparing survival curves. The Cox proportional hazards model was used to estimate hazard ratios.
The time in study for each subject started on the day of randomisation and continued until study exit or study completion. All randomised subjects were included in the analysis of the primary objective, regardless of exit status.
Safety analyses were performed using the as-treated population. This population included all patients who received CRT-D or CRT therapy, regardless of treatment group assignment.

	MADIT-CRT
	Secondary outcomes:
· Death from any cause
· Heart failure events
· LV volumes and LVEF
· HRQoL (EQ-5D and KCCQ)
· AEs within 30 days of implant
· AEs during long-term follow-up
	ITT analysis using paired-sample t-tests to evaluate the absolute change in LV volumes and
LVEF between baseline and 1-year follow-up in patients from each study group who had paired baseline and 12-month recordings. The KCCQ analysis was conducted as a tertiary analysis using feasible generalised least squares methods. 

	Supportive trials

	REVERSE
	Secondary efficacy outcomes: 
· Death from any cause
· Hospitalisation for heart failure
· LVESV index (LVESV/body surface area cm/m2)
· Change in NYHA class 
· 6-minute walk test
· HRQoL (MLWHFQ and KCCQ)
· Incidence of ventricular arrhythmia recorded by device memory interrogation in the ICD group only
· Complications (defined as an AE that resulted in invasive intervention or the termination of significant device function regardless of other treatments)
	ITT analysis. All-cause mortality and time to first heart failure hospitalisation analysed using Kaplan-Meier analysis with differences between treatment groups assessed using the log-rank test. Differences in the incidence of ventricular arrhythmias were assessed with the Comparison of Incidence Rates (Large Sample Test). Other secondary end points were compared with the 2-sample t-test. All p values reported were nominal, and all statistical tests were 2-sided. Analyses were conducted with SAS software. 

	MIRACLE ICD II
	Secondary efficacy outcomes: 
· Death from any cause
· Composite clinical response that assigned all randomised patients to one of three response groups: worsened, improved, or unchanged (Packer et al 1987)
· Change in NYHA class 
· 6-minute walk distance 
· LV volumes and LVEF
· VE/VCO2 
· Complications (defined as a sign, symptom, illness, or other medical event that was resolved invasively or that resulted in the death of or serious injury to a patient. Termination of a significant device function was also considered a complication).
	ITT analysis. For continuous outcomes, differences between treatment groups compared through the use of the Wilcoxon rank‑sum test. For categorical outcomes, differences in the distribution of responses to treatment at 6 months compared by
Fisher’s exact test, except for inappropriately detected ventricular tachycardia/ventricular fibrillation episodes for which generalised estimating equation methods were used. A P-value < 0.05 was considered statistically significant. All probability values were calculated from 2-sided tests. 


Abbreviations: AE, adverse event; ANOVA, analysis of variance; CRT, cardiac resynchronisation therapy; CRT-D, cardiac resynchronisation therapy device capable of defibrillation; EQ-5D, Euroqol 5-dimension; HRQoL, health-related quality of life; ICD, implantable cardioverter-defibrillator; ITT, intention-to-treat; KCCQ, Kansas City Cardiomyopathy Questionnaire; LV, veft ventricular; LVEF, left ventricular ejection fraction; MLWHF, Minnesota Living with Heart Failure Questionnaire; NYHA, New York Heart Association;
Source: Tang et al (2009)76; Tang et al (2010)77; Moss et al (2005)57; Moss et al (2009)58; Veazie at al (2012)80; Linde et al (2006)49; Linde et al (2008a)48; Abraham et al (2004)1
All-cause mortality
All-cause mortality is one of the most important outcomes assessed in clinical trials comparing the efficacy and safety of interventions for chronic heart failure. It has the advantage of being a ‘hard’ endpoint that is easy to measure, not readily subject to observer bias (Zanolla and Zardini et al 200384). 
Cardiovascular mortality and sudden cardiac death
Sudden cardiac death is defined as death from cardiac causes occurring unexpectedly within one hour of the onset of symptoms (NICE 200760). None of the identified trials specifically included this as an sudden cardiac death as an endpoint, however the pivotal RAFT and MADIT-CRT trials each reported the number of deaths attributed to a cardiovascular or cardiac cause. Such deaths could include sudden cardiac death, deaths due to pump failure or deaths due to other causes (e.g. myocardial infarction). A blinded, central adjudication committee was responsible for classifying the causes of deaths that occurred within each trial (Tang et al 201077, Moss et al 200958). 
Rates of hospitalisation
Patients with chronic heart failure have increased morbidity and require frequent hospitalisation. Rates of hospitalisation are therefore frequently included as secondary endpoints in heart failure clinical trials.  Hospitalisations are generally adjudicated and classified according to whether they are due to cardiac or non-cardiac causes. Cardiac hospitalisations can be further categorised according to whether they are due to worsening heart failure or other events (e.g. myocardial infarction or comorbidities) (Anand and Florea 20106). All of the identified trials reported rates of hospitalisation for heart failure or rates of heart failure events (including hospitalisation for heart failure and acute episodes that required treatment in a hospital emergency room). Rates of device-related hospitalisations were also reported for the RAFT trial (Tang et al 201077).
Quality of life
The EuroQol 5-Dimension (EQ-5D) instrument is a standardised measure of health status developed by the EuroQol group in order to provide a simple, generic measure of health outcomes for clinical and economic appraisal. It comprises five dimensions of health: mobility, self-care, usual activities, pain/discomfort, and anxiety/depression. Patients are able to tick one of three levels within each dimension which corresponds to their perceived level of health.  This instrument was used to assess changes in health-related quality of life among participants in the RAFT and MADIT-CRT trials, however quality of life results from the RAFT trial have not yet been reported. The EQ-5D results of the MADIT-CRT trial are shown in Appendix D. 
The Kansas City Cardiomyopathy Questionnaire (KCCQ) was used to assess changes in quality of life within the MADIT-CRT and REVERSE trials. This is a 23-item, self-administered instrument that quantifies physical function, symptoms (frequency, severity and recent change), social function, self-efficacy and knowledge, and quality of life in patients with chronic heart failure. Each item is scored on a five-, six- or seven-point Likert scale, with higher scores indicating higher levels of functioning. The quality of life sub-scale is based on an assessment of how much heart failure has limited the patient’s enjoyment of life, how the patient would feel about spending the rest of his/her life at his/her current status of heart failure, and the extent the patient has felt discouraged because of his/her heart failure. The KCCQ Clinical Summary score incorporates physical functioning, symptom frequency, and symptom burden. The KCCQ Overall Summary score is based on physical and social functioning, including reported frequency and burden of heart failure symptoms like swelling, fatigue, and shortness of breath (Green et al 200036). 
The Minnesota Living with Heart Failure Questionnaire (MLWHFQ) was used to assess changes in quality of life within the REVERSE and MIRACLE ICD II trials. This is a 21-item, heart failure-specific questionnaire that assesses the extent to which heart failure prevented respondents from living as they wanted during the past month. Each item is scored using a six-point Likert scale (0–5), with higher scores indicating that heart failure had a greater impact on activities of daily living. It has been suggested that a 5-point improvement in MLWHFQ score represents a minimal clinically significant change (Rector et al 200568).
NYHA classification 	
Changes in NYHA class are commonly assessed within heart failure clinical trials as they provide an indication of whether the functional impact of heart failure symptoms has improved or deteriorated since the last assessment. These are determined based on a clinician’s interpretation of a patient’s reported symptoms and medical history. It should be noted that symptoms can fluctuate even in the absence of treatment, and that inter-observer variability is often high (Zanolla and Zardini 200384). 
6-minute walk distance
The 6-minute walk test is a simple, objective measure of exercise capacity. This test measures the distance that a patient can quickly walk on a flat, hard surface in a period of 6 minutes. This distance has been found to predict long-term mortality and heart failure hospitalisation rates in patients with LVSD of varying cause and severity (Bittner et al 199316; Cahalin et al 199622). As the test is self-paced and involves an activity familiar to all subjects, it has been suggested that this provides a better reflection of exercise capacity in patients with heart failure than maximal cardiopulmonary exercise testing (Anand and Florea 20106).
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A.14.1 [bookmark: _Toc354996515][bookmark: _Toc357771577][bookmark: _Toc359248758]Primary efficacy outcomes
A.14.1.1 RAFT
The primary outcome of the RAFT trial was a composite of death from any cause or hospitalisation for heart failure. Death from any cause included any death that occurred during the study. Hospitalisation for heart failure was defined as an admission to a health care facility lasting more than 24 hours with symptoms of congestive heart failure and subsequent treatment for heart failure.  This outcome was assessed at the end of the trial, after a mean follow-up duration of 40 (SD, 20) months (Tang et al 201077). 
Within the full population included in the RAFT trial, death from any cause or hospitalisation for heart failure occurred in 33.2% of participants in the CRT‑D group, compared to 40.3% of participants in the ICD group (relative risk [RR], 0.83; 95% confidence interval [CI], 0.73 to 0.93; P < 0.002). CRT-D was estimated to reduce the risk of death or heart failure for hospitalisation by 25% (hazard ratio [HR], 0.75; 95% CI, 0.64 to 0.87; P<0.001). Kaplan-Meier curves showing the time to death from any cause, or hospitalisation for heart failure, for all subjects are provided in Figure B‑5. At five years, the observed rate of death from any cause or hospitalisation for heart failure was 42.4% for CRT-D versus 51.3% for ICD (Tang et al 201077; RAFT CSR55).
Within the subgroup of patients with NYHA class II heart failure, death from any cause or hospitalisation for heart failure occurred in 27.3% of participants in the CRT‑D group, compared to 34.7% of those in the ICD group (RR, 0.71; 95% CI, 0.56 to 0.88; P<0.001). CRT-D was estimated to reduce the risk of death or heart failure for hospitalisation by 27% (HR, 0.73; 95% CI, 0.61 to 0.88); P = 0.001). Kaplan-Meier curves showing the time to death from any cause or hospitalisation for heart failure for the subgroup of patients with NYHA class II heart failure are provided in Figure B‑6. At five years, the observed rate of death from any cause, or hospitalisation for heart failure, was 40.0% for CRT-D versus 48.1% for ICD (Tang et al 201077; RAFT CSR55).
[bookmark: _Toc357771541][bookmark: _Toc358835267][bookmark: _Toc359227828][bookmark: _Toc359248845]Table B‑13	Proportion of patients experiencing death or hospitalisation for heart failure in the RAFT trial (mean follow-up duration of 40 months)
	Outcome
	CRT-D
n/N (%)
	ICD 
n/N (%)
	Risk difference (95%  CI)a
	Relative risk (95% CI)a

	ITT population (N = 1798)

	Primary outcome:
· Death from any cause or hospitalisation for heart failure 
	
297/894 (33.2)
	
364/904 (40.3)
	
-0.07 (-0.11, -0.03)
	
0.83 (0.73 to 0.93)

	Disaggregated components:
	
	
	
	

	· All-cause mortality
	186/894 (20.8)
	236/904 (26.1)
	-0.05 (-0.09, -0.01)
	0.80 (0.67, 0.94)

	· Hospitalisation for heart failureb
	174/894 (19.5)
	236/904 (26.1)
	-0.07 (-0.11, -0.03)
	0.75 (0.63, 0.89)

	NYHA class II subgroup (N = 1438)

	Primary outcome:
· Death from any cause or hospitalisation for heart failure 
	
193/708 (27.3)
	
253/730 (34.7)
	
-0.07 (-0.12, -0.03)
	
0.71 (0.56, 0.88)

	Disaggregated components:
	
	
	
	

	· All-cause mortality
	110/708 (15.5)
	154/730 (21.1)
	-0.06 (-0.10, -0.02)
	0.74 (0.59, 0.92)

	· Hospitalisation for heart failureb
	115/708 (16.2)
	159/730 (21.8)
	-0.06 (-0.10, -0.01)
	0.75 (0.60, 0.93)


Abbreviations: CRT-D, cardiac resynchronisation therapy device capable of defibrillation; ICD, implantable cardioverter-defibrillator
Source: Tang et al (2010)77, Table 2
a	Calculated post-hoc using Review Manager v5.1 (Mantel-Haenszel method, assuming random effects)
b	Defined as an admission to hospital with a diagnosis of worsening heart failure for greater than 24 hours.

[bookmark: _Ref350689560][bookmark: _Toc350729811][bookmark: _Toc350787190][bookmark: _Toc354558708][bookmark: _Toc357771513][bookmark: _Toc359227901][bookmark: _Toc359248223]Figure B‑5	Time to death from any cause or hospitalisation for heart failure in the RAFT trial (ITT population) 
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Abbreviations: CRT-D, cardiac resynchronisation therapy device capable of defibrillation; ICD, implantable cardioverter-defibrillator
Source: Tang et al (2010)77, Figure 1A
[bookmark: _Ref351563403][bookmark: _Toc354558709][bookmark: _Toc357771514][bookmark: _Toc359227902][bookmark: _Toc359248224]Figure B‑6	Time to death from any cause or hospitalisation for heart failure in the RAFT trial (NYHA class II subgroup)
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 Abbreviations: CRT-D, cardiac resynchronisation therapy device capable of defibrillation; ICD, implantable cardioverter-defibrillator
Source: Tang et al (2010)77, Figure 2A
The results of other pre-specified analyses of the primary outcome of the RAFT trial are presented in Figure B‑7. There was a significant interaction between treatment and QRS duration (P=0.003), with CRT-D being more effective in patients with an intrinsic QRS duration of 150 ms or more (HR, 0.59; 95% CI, 0.48 to 0.73) than in those with an intrinsic QRS duration of less than 150 ms (HR, 0.99; 95% CI, 0.77 to 1.27; P=0.002 for interaction), or patients with a paced QRS duration of 200 ms or more (HR, 1.07; 95% CI, 0.63 to 1.84; P=0.003 for interaction). There was also a weak interaction between treatment efficacy and QRS morphologic type (P = 0.046), with CRT-D being more effective in patients with left bundle branch block (LBBB) than in those with non-specific intraventricular conduction delay (P = 0.04 for interaction) (Tang et al 2010)77.

[bookmark: _Ref350696025][bookmark: _Toc350729812][bookmark: _Toc350787191][bookmark: _Toc354558710][bookmark: _Toc357771515][bookmark: _Toc359227903][bookmark: _Toc359248225]Figure B‑7	Proportion of patients experiencing death or hospitalisation for heart failure in the RAFT trial (Subgroup analysis) 
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Abbreviations: CRT-D, cardiac resynchronisation therapy device capable of defibrillation; GFR, glomerular filtration rate; ICD, implantable cardioverter-defibrillator; NIVCD, non-specific intraventricular conduction delay; NYHA, New York Heart Association
Source: Tang et al (2010)77, Figure 3
A.14.1.2 MADIT-CRT
The primary outcome of MADIT-CRT trial was defined as a composite of death from any cause or a non‑fatal heart failure event. Heart failure events were defined by symptoms and/or signs consistent with congestive heart failure and (i) required intravenous decongestive therapy > 2 hours (IV diuretics, IV neseritide, IV inotropes), that does not involve formal inpatient hospital admission, regardless of the setting (i.e. in an emergency room setting, in the physician’s office, etc); or (ii) required an augmented heart failure regimen with oral or intravenous medications during an in-hospital stay (Moss et al 200958). This outcome was assessed by an independent data and safety monitoring board at pre‑specified intervals. After a mean follow-up duration of 28 months, the MADIT-CRT trial showed that CRT-D significantly reduced the risk of death from any cause or a non‑fatal heart failure event in patients with NYHA class I or II heart failure, compared to ICD (Moss et al 200958). Data continued to be collected for six months after this time point, meaning that the total mean duration of follow-up within the MADIT-CRT trial was 34.3 (SD, 12.3) months (MADIT-CRT CSR17).
Overall, the primary outcome occurred in 19.1% of participants in the CRT-D group, compared to 28.4% of those in the ICD group (RR, 0.67; 95% CI, 0.57 to 0.79). These results were predominantly driven by a 46% reduction in the risk of heart failure events (HR, 0.54; 95% CI, 0.43 to 0.67; MADIT-CRT CSR17). Kaplan-Meier curves showing the time to death from any cause or hospitalisation for heart failure for the ITT population are shown in Figure B‑8. 
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	Outcome
	CRT-D
n/N (%)
	ICD 
n/N (%)
	Risk difference (95%  CI)a
	Relative risk (95% CI)a

	ITT population (N = 1820)

	Primary outcome:
· Death from any cause or a non‑fatal heart failure event 
	
208/1089 (19.1)
	
208/731 (28.4)
	
-0.09 (-0.11, -0.03)
	
0.67 (0.57, 0.79) 

	Disaggregated components:
	
	
	
	

	· Death from any causeb
	92/1089 (8.4)
	68/731 (9.3)
	-0.01 (-0.04, 0.02)
	0.91 (0.67, 1.22) 

	· Heart failure eventc
	161/1089 (14.8)
	186/731 (25.4)
	-0.11 (-0.11, -0.07)
	 0.58 (0.48, 0.70)


Abbreviations: CRT-D, cardiac resynchronisation therapy device capable of defibrillation; ICD, implantable cardioverter-defibrillator
Source: MADIT-CRT CSR17, Table 23, page 29
a	Calculated post-hoc using Review Manager v5.1 (Mantel-Haenszel method, assuming random effects).
b	This category includes all deaths, including those that occurred after the first heart failure event.
c	Defined by symptoms and/or signs consistent with congestive heart failure that required intravenous decongestive therapy for more than two hours in any setting, or that required an augmented heart failure regimen with oral or intravenous medications during an in-hospital stay.
[bookmark: _Ref354414513][bookmark: _Toc354558711][bookmark: _Toc357771516][bookmark: _Toc359227904][bookmark: _Toc359248226]Figure B‑8	Time to death from any cause or non-fatal heart failure event in the MADIT-CRT trial
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Abbreviations: CRT-D, cardiac resynchronisation therapy device capable of defibrillation; ICD, implantable cardioverter-defibrillator
Source: MADIT-CRT CSR17, Figure 5, page 38
Pre-specified subgroup analyses suggest that CRT‑D is associated with a greater benefit in women (HR, 0.37; 95% CI, 0.22 to 0.61) than in men (HR, 0.76; 95% CI, 0.59 to 0.97; P=0.01), and a greater benefit in patients with a QRS duration of 150 ms or more (HR, 0.48; 95% CI, 0.37 to 0.64), compared to those with a QRS duration of less than 150 ms (HR, 1.06; 95% CI, 0.74 to 1.52; P=0.001) (Moss et al 200958). Secondary publications associated with the MADIT-CRT trial have explored differences between these subgroups in further detail (Arshad et al 20117; Barsheshet et al 2011b14; Zareba et al 201186). An analysis of the subgroup of participants with NYHA class I or II heart failure and LBBB is included within the clinical study report for the MADIT-CRT trial (Attachment 2). 
A.14.1.3 REVERSE
The primary outcome of the REVERSE trial was defined as the percentage of participants with worsened clinical composite response at the end of the blinded follow-up period. This was assessed using the composite clinical response system described by Packer et al (2001)65, which categorises patients as having a ‘worsened’, ‘unchanged’ or ‘improved’ clinical composite response based on an assessment of all-cause mortality, hospitalisation due to or associate with worsening heart failure, crossover due to worsening heart failure, changes in Patient’s Global Assessment (PGA) scores, and changes in NYHA class. The primary outcome was assessed 12 months after randomisation for all participants in the REVERSE trial (Linde et al 2008a)48, and at 24 months after randomisation for participants enrolled within the European cohort (Daubert et al 2009)27. 
Given that the results of the REVERSE trial were not stratified by the type of device initially implanted (CRT-D or CRT-P), it should be noted that the CRT-ON group includes patients receiving the equivalent of CRT-D or CRT-P therapy while the CRT-OFF group includes patients receiving the equivalent of an ICD or no device therapy. The inclusion of patients who received a CRT-P is likely to bias the results of the REVERSE trial against active CRT therapy.
Primary outcome results at 12 months after randomisation (ITT)
Within the ITT population, 83.3% of participants in the REVERSE trial received a CRT-D and 16.7% received a CRT-P. Twelve months after randomisation, 16.0% of participants in the CRT-ON group were classified as having a worsened clinical composite response, compared with 21.5% of participants in the CRT-OFF group (RR, 0.74; 95% CI, 0.53 to 1.06). The disaggregated components of the clinical composite response are shown in Table B‑15.
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	Outcome
	CRT-ON 
n/N (%)
	CRT-OFF
n/N (%)
	Risk difference (95%  CI)a
	Relative risk (95% CI)a

	ITT population (N = 610)

	Primary outcome:
	
	
	
	

	· Worsened clinical composite responseb 
	67/419 (16.0)
	41/191(21.5)
	-0.05 (-0.12, 0.01)
	0.74 (0.53, 1.06)

	Disaggregated components:
	
	
	
	

	· Death from any cause
	9/419 (2.1)
	3/191 (1.6)
	0.01 (-0.02, 0.03)
	1.37 (0.37, 4.99)

	· Hospitalisation due to or associated with worsening heart failure
	12/419 (2.9)
	14/191 (7.3)
	-0.04 (-0.08, -0.00)
	0.39 (0.18, 0.83)

	· Crossover due to worsening heart failure
	1/419 (0.2)
	5/191 (2.6)
	-0.02 (-0.05, -0.00)
	0.09 (0.01, 0.78)

	· Worsened NYHA class and PGA
	2/419 (0.5)
	0/191 (0)
	0.00 (-0.01, 0.02)
	2.29 (0.11, 47.38)

	· Worsened NYHA class only
	40/419 (9.5)
	18/191 (9.4)
	0.00 (-0.05, 0.05)
	1.01 (0.60, 1.72)

	· Worsened PGA only 
	3/419 (0.7)
	1/191 (0.5)
	0.00 (-0.01, 0.01)
	1.37 (0.14, 13.06)


Abbreviations: NYHA, New York Heart Association; PGA, Patient’s Global Assessment
Source: Linde et al (2008a)48, Table 2
a	Calculated post-hoc using Review Manager v5.1 (Mantel-Haenszel method, assuming random effects)
b	Defined by Packer et al (2001)65 
Although the interactions were not statistically significant, pre-specified subgroup analyses suggested that programming the CRT function to CRT-ON appeared to be associated with a greater benefit among participants who received a CRT-D (OR, 0.66; 95% CI, 0.41 to 1.05), compared to those who received a CRT-P (OR, 0.98; 95% CI, 0.31, 3.06); a greater benefit among participants with NYHA class II heart failure (OR, 0.60; 95% CI, 0.35 to 1.01), compared to those with NYHA class I heart failure (OR 0.87; 95% CI, 0.37 to 2.03); and a greater benefit among participants with QRS duration of 152 ms or more (OR, 0.42; 95% CI 0.22 to 0.81) than in those with a QRS duration of less than 152 ms (OR, 1.05; 95% CI 0.58 to 1.89) (Linde et al 2008a48) (Figure B‑9). 
[bookmark: _Ref350773377][bookmark: _Toc350787194][bookmark: _Toc354558714][bookmark: _Toc357771517][bookmark: _Toc359227905][bookmark: _Toc359248227]Figure B‑9	Proportion of patients with worsened clinical composite response in the REVERSE trial (Subgroup analysis, 12 month results)
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Abbreviations: CRT, cardiac resynchronisation therapy device; CRT-D, cardiac resynchronisation therapy device capable of defibrillation; ICD, implantable cardioverter-defibrillator; IVMD, intraventricular mechanical delay; NYHA, New York Heart Association
Source: Linde et al (2008a)48, Figure 4
Primary outcome results at 24 months after randomisation (European cohort)
The European cohort of the REVERSE trial was followed for 24 months before being unblinded. Within this cohort, 68% of participants received a CRT-D and 32% received a CRT-P. Fewer participants in the CRT-ON group were classified as having a worsened clinical response, compared to the CRT-OFF group (RR, 0.55; 95% CI, 0.36 to 0.85). This was attributed to the higher rate of death from any cause or hospitalisation due to or associated with worsening heart failure occurring in the CRT-OFF group. An analysis of the distribution of heart failure clinical composite response levels (i.e. worsened, unchanged, and improved) yielded a P-value of 0.0006 at 24 months in favour of CRT-ON (Daubert et al 200927). 
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	Outcome
	CRT-ON 
n/N (%)
	CRT-OFF 
n/N (%)
	Risk difference (95%  CI)a
	Relative risk (95% CI)a

	Primary outcome:
	
	
	
	

	· Worsened clinical composite responseb 
	34/180 (18.9)
	28/82 (34.1)
	-0.15 (-0.27, -0.04)
	0.55 (0.36, 0.85)

	Disaggregated components:
	
	
	
	

	· Death from any cause
	4/180 (2.2)
	7/82 (8.5)
	-0.06 (-0.13, 0.00)
	0.26 (0.08, 0.86)

	· Hospitalisation due to or associated with worsening heart failure
	12/180 (6.7)
	12/82 (14.6)
	-0.08 (-0.16, 0.01)
	0.46 (0.21, 0.97)

	· Crossover due to worsening heart failure
	0/180 (0)
	2/82 (2.4)
	-0.02 (-0.06, 0.01)
	0.09 (0.00, 1.89)

	· Worsened NYHA class and PGA
	1/180 (0.6)
	1/82 (1.2)
	-0.01 (-0.03, 0.02)
	0.46 (0.03, 7.19)

	· Worsened NYHA class only
	15/180 (8.3)
	5/82 (6.1)
	0.02 (-0.04, 0.09)
	1.37 (0.51, 3.63)

	· Worsened PGA only 
	2/180 (1.1)
	1/82 (1.2)
	-0.00 (-0.03, 0.03)
	0.91 (0.08, 9.91)


Abbreviations: NYHA, New York Heart Association; PGA, Patient’s Global Assessment
Source: Daubert et al (2009)27, Figure 2
a	Calculated post-hoc using Review Manager v5.1 (Mantel-Haenszel method, assuming random effects)
b	Defined by Packer et al (2001)65
Subgroup analyses showed that the odds ratio for experiencing a worsened composite clinical response was 0.36 (95% CI, 0.18 to 0.74) for the subgroup of participants who received a CRT-D, versus 0.75 (95% CI, 0.25 to 2.29) for those who received a CRT-P. The level of improvement in clinical status conferred by CRT appears to be greater among patients with NYHA class II heart failure compared to NYHA class I, however this comparison was unreliable because of an insufficient number of observations. Patients with a QRS duration of 152 ms or more derived a greater benefit from CRT than patients with a QRS of less than or equal to 152 ms (Figure B‑10; Daubert et al 200927). 
[bookmark: _Ref354610218][bookmark: _Toc357771518][bookmark: _Toc359227906][bookmark: _Toc359248228]Figure B‑10	Proportion of patients with worsened clinical composite response in the European cohort of the REVERSE trial (Subgroup analysis, 24 month results)
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Abbreviations: CRT, cardiac resynchronisation therapy device; CRT-D, cardiac resynchronisation therapy device capable of defibrillation; ICD, implantable cardioverter-defibrillator; IVMD, intraventricular mechanical delay; NYHA, New York Heart Association
Source: Daubert et al (2009)27, Figure 4
A.14.1.4 MIRACLE ICD II
The primary outcome of the MIRACLE ICD II trial was defined as the change in peak oxygen consumption (VO2) from baseline to six months after randomisation. This outcome is used as an indicator of exercise capacity and the strength of cardiac output, and is measured in units of mL/kg/min. Mean peak VO2 levels increased by 0.5 mL/kg/min (SD 3.2) for participants in the CRT‑ON group, compared with 0.2 mL/kg/min (SD 3.2) for participants in the CRT-OFF group, with no significant difference between treatment arms (P=0.87) (Abraham et al 20041). The study authors note that that this finding is not surprising as participants in the MIRACLE ICD II trial had only mild symptoms of chronic heart failure at baseline. While active CRT did not alter the primary outcome, it did significantly improve echocardiographic outcomes and overall clinical status as discussed in Section B.6.2.4.
A.14.2 [bookmark: _Toc354996516][bookmark: _Toc357771578][bookmark: _Toc359248759]Secondary efficacy outcomes 
2. [bookmark: _Ref358819299]RAFT
Table B‑17 summarises the secondary efficacy results of the RAFT trial. These were assessed after a mean follow-up duration of 40 months. All-cause mortality, cardiovascular mortality and hospitalisation results are discussed in further detail below.
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	Outcome
	CRT-D 
n/N (%)
	ICD 
n/N (%)
	Risk difference (95%  CI)a
	Relative risk (95% CI)a

	ITT population (N = 1798)

	Mortality outcomes:
	
	
	
	

	· Death from any cause
	186/894 (20.8)
	236/904 (26.1)
	-0.05 (-0.09, -0.01)
	0.80 (0.67, 0.94)

	· Death from a cardiovascular case
	130/894 (14.5)
	162/904 (17.9)
	-0.03 (-0.07, 0.00)
	0.81 (0.66, 1.0)

	Hospitalisation outcomes:
	
	
	
	

	· Hospitalisation for any cause
	509/894 (56.9)
	509/904 (56.0)
	0.01 (-0.04, 0.05)
	1.01 (0.93, 1.10)

	· Hospitalisation for a cardiovascular cause
	423/894 (47.3)
	404/904 (44.7)
	0.03 (-0.02, 0.07)
	1.06 (0.96, 1.17)

	· Hospitalisation for heart failure
	174/894 (19.5)
	236/904 (26.1)
	-0.07 (-0.11, -0.03)
	0.75 (0.63, 0.89)

	· Device-related hospitalisation
	179/894 (20.0)
	110/904 (12.2)
	0.08 (0.04, 0.11)
	1.65 (1.32, 2.05)

	· Heart transplantation
	7/894 (0.8)
	5/904 (0.6)
	0.00 (-0.01, 0.001)
	1.42 (0.45, 4.44)

	NYHA class II subgroup  (N = 1438)

	Number of participants
	708/894 (79.2)
	730/904 (80.1)
	-
	-

	Death from any cause or hospitalisation for heart failure
	193/708 (27.3)
	253/730 (34.7)
	-0.07 (-0.12, -0.03)
	0.79 (0.67, 0.92)

	Mortality outcomes:
	
	
	
	

	· Death from any cause
	110/708 (15.5)
	154/730 (21.1)
	-0.06 (-0.10, -0.02)
	0.74 (0.59, 0.92)

	· Death from a cardiovascular cause
	74/708 (10.5)
	100/730 (13.7)
	-0.03 (-0.07, 0.00)
	0.76 (0.58, 1.01)

	Hospitalisation for heart failure
	115/708 (16.2)
	159/730 (21.8)
	-0.06 (-0.10, -0.01)
	0.75 (0.60, 0.93)


Abbreviations: CI, confidence interval; CRT-D, cardiac resynchronisation therapy device capable of defibrillation; ICD, implantable cardioverter-defibrillator; NYHA, New York Heart Association
Source: Tang et al (2010)77
a	Calculated post-hoc using Review Manager v5.1 (Mantel-Haenszel method, assuming random effects)
All-cause mortality
During a mean follow-up duration of 40 months, 186 of 894 (20.8%) participants in the CRT-D group died, compared with 236 of 904 (26.1%) participants in the ICD group (RR, 0.80; 95% CI, 0.67 to 0.94; P<0.01). The five-year actuarial mortality rate was 28.6% for the CRT-D group versus 34.6% for the ICD group (HR, 0.75; 95% CI, 0.62 to 0.91; P=0.003). It was estimated that 14 patients would need to be treated for five years with a CRT-D in order to prevent one death (Tang et al 201077). Kaplan-Meier estimates of time to death from any cause for the ITT population of the RAFT trial are shown in Figure B‑11. At five years, the all-cause mortality rate was 28.6% for CRT-D versus 34.6% for ICD (RAFT CSR).
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Abbreviations: CRT-D, cardiac resynchronisation therapy device capable of defibrillation; ICD, implantable cardioverter-defibrillator
Source: Tang et al (2010)77, Figure 1B
a	Calculated post-hoc using Review Manager v5.1 (Mantel-Haenszel method, assuming random effects)
Within the subgroup of patients with NYHA class II heart failure, 110 of 708 (15.5%) participants in the CRT-D group died, compared with 154 of 730 (21.1%) participants in the ICD group (RR, 0.74; 95% CI, 0.59 to 0.92; P=0.007). Kaplan-Meier estimates of time to death from any cause for the subgroup of patients with NYHA class II heart failure are shown in Figure B‑12. At five years, the all-cause mortality rate was 23.7% for CRT-D versus 31.0% for ICD (HR, 0.71; 95% CI, 0.56 to 0.91; P=0.006).
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Abbreviations: CRT-D, cardiac resynchronisation therapy device capable of defibrillation; ICD, implantable cardioverter-defibrillator
Source: Tang et al (2010)77, Figure 1C
a	Calculated post-hoc using Review Manager v5.1 (Mantel-Haenszel method, assuming random effects)
Cardiovascular mortality
Death from a cardiovascular cause accounted for 69.2% of all deaths that occurred during the RAFT trial. Within the ITT population, 14.5% of participants in the CRT-D group died due to a cardiovascular cause, compared with 17.9% of those in the ICD group (RR, 0.81; 95% CI, 0.66 to 1.0). CRT-D was estimated to reduce the risk of death from a cardiovascular cause by 24% (HR, 0.76; 95% CI, 0.60 to 0.96; P=0.02). The five-year cardiovascular mortality rate was 22.5% for CRT-D versus 25.5% for ICD (RAFT CSR55).
Within the subgroup of patients with NYHA class II heart failure, 10.5% of participants in the CRT-D group died due to a cardiovascular cause, compared with 13.7% of those in the ICD group (RR, 0.76; 95% CI, 0.58 to 1.01). CRT-D was estimated to reduce the risk of death from a cardiovascular cause by 27% within this subgroup (HR, 0.73; 95% CI, 0.54 to 0.99). The five-year cardiovascular mortality rate was 17.8% for CRT-D versus 22.2% for ICD (RAFT CSR55).
Hospitalisation for heart failure
The RAFT trial defined hospitalisation for heart failure as admission to a health care facility lasting more than 24 hours with symptoms of congestive heart failure and subsequent treatment for heart failure. This outcome occurred in 19.5% of participants within the CRT-D group and 26.1% of participants of participants in the ICD group (RR, 0.75; 95% CI, 0.63 to 0.89). The hazard ratio for hospitalisation for heart failure was 0.68 in favour of CRT-D (95% CI, 0.56 to 0.83; P<0.001) and the five-year rate of hospitalisation for heart failure was 28.6% for CRT-D versus 36.6% for ICD (RAFT CSR55).
Within the subgroup of patients with NYHA class II heart failure, hospitalisation for heart failure occurred in 16.2% of participants in the CRT-D group and 21.8% of participants in the ICD group (RR, 0.75;  95% CI, 0.60 to 0.93). The hazard ratio for hospitalisation for heart failure for this subgroup was 0.70 in favour of CRT-D (P=0.003) and the five-year rate of hospitalisation for heart failure was 25.7%% for CRT-D versus 33.3% for ICD (RAFT CSR55).
Device-related hospitalisations
Although the RAFT trial did not specifically define ‘device-related hospitalisation’ as an outcome, the primary publication (Tang et al 201077) notes that participants in the CRT-D group had a higher number of device-related hospitalisations than those in the ICD group (20.0% versus 12.2%; HR, 1.68; 95% CI, 1.32 to 2.13; P<0.001).
2. MADIT-CRT
All-cause and cause-specific mortality
During a mean follow-up duration of 34 months, 8.4% of participants in the CRT-D group of the MADIT‑CRT trial died, compared to 9.3% of those in the ICD group (RR, 0.91; 95% CI, 0.67 to 1.22). The causes of deaths occurring in each treatment group are summarised in Table B‑18. Although sudden cardiac death was not specifically reported as an outcome, death due to a cardiac arrhythmic cause accounted for a smaller proportion of deaths occurring in the CRT-D group (7.6% of all deaths), compared to the ICD group (11.8% of all deaths) (MADIT-CRT CSR17).
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	Outcome
	CRT-D 
	ICD

	
	n/N (%)
	n/N (%)

	ITT population (N = 1820)

	Death from a cardiac cause 
	46/1089 (4.2)
	43/731 (5.9)

	· Arrhythmic cause
	7/1089 (0.6)
	8/731 (1.1)

	· Ischaemic cause
	6/1089 (0.6)
	2/731 (0.3)

	· Pump failure
	32/1089 (2.9)
	30/731 (4.1)

	· Other cardiac procedure
	-
	2/731 (0.3)

	· Other cardiac cause
	1/1089 (0.1)
	1/731 (0.1)

	Death from a non-cardiac cause 
	33/1089 (3.0)
	16/731 (2.2)

	Cause of death not classified 
	4/1089 (0.4)
	2/731 (0.3)

	Cause of death unknown
	9/1089 (10.3)
	7/731 (1.0)

	Death from any cause
	92/1089 (8.4)
	68/731 (9.3)


Abbreviations: CRT-D, cardiac resynchronisation therapy device capable of defibrillation; ICD, implantable cardioverter-defibrillator
Source: MADIT-CRT CSR17, Table 5
Heart failure events
Heart failure events were defined as symptoms and/or signs consistent with congestive heart failure that required intravenous decongestive therapy for more than two hours in any setting, or that required an augmented heart failure regimen with oral or intravenous medications during an in‑hospital stay. Such events occurred in 14.8% of participants in the CRT-D group, versus 25.4% of participants in the ICD group (RR, 0.58; 95% CI, 0.48 to 0.70), with the majority of heart failure events occurring in the inpatient setting. CRT-D reduced the risk of experiencing a heart failure event by 46% (HR, 0.54; 95% CI, 0.43. 0.67; P<0.001), and reduced the risk of experiencing recurrent heart failure events by 32% (HR, 0.68; 95% CI 0.54 to 0.85; P<0.001), compared to ICD (MADIT-CRT CSR17).
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	Outcome
	CRT-D
n/N (%)
	ICD
n/N (%)
	Risk difference (95%  CI)a
	Relative risk (95% CI)a

	ITT population (N = 1798)

	Heart failure eventb
	161/1089 (14.8)
	186/731 (25.4)
	-0.11 (-0.11, -0.07) 
	 0.58 (0.48, 0.70)

	· Inpatient setting
	144/1089 (13.2)
	155/731 (21.2)
	-0.08 (-0.12, -0.04)
	0.62 (0.51, 0.77)

	· Outpatient setting
	14/1089 (1.3)
	31/731 (4.2)
	-0.03 (-0.05, -0.01)
	0.30 (0.16, 0.57)

	Number of heart failure events:
	
	
	
	

	· 0
	928/1089 (85.2)
	545/731 (74.6)
	0.11 (0.07, 0.14)
	1.14 (1.09, 1.20)

	· 1
	93/1089 (8.5)
	107/731 (14.6)
	-0.06 (-0.09, -0.03)
	0.58 (0.45, 0.76)

	· 2+
	68/1089 (6.2)
	79/731 (10.8)
	-0.05 (-0.07, -0.02)
	0.58 (0.42, 0.79)


Abbreviations: CRT-D, cardiac resynchronisation therapy device capable of defibrillation; ICD, implantable cardioverter-defibrillator
Source: MADIT-CRT CSR17, Table 23; MADIT-CRT CSR17, Table 25
a	Calculated post-hoc using Review Manager v5.1 (Mantel-Haenszel method, assuming random effects)
b	Defined by symptoms and/or signs consistent with congestive heart failure that required intravenous decongestive therapy for more than two hours in any setting, or that required an augmented heart failure regimen with oral or intravenous medications during an in-hospital stay.
Quality of life
The EQ-5D results of the MADIT-CRT trial were published in a secondary publication that evaluated the cost-effectiveness of CRT-D implantation versus ICD implantation within the context of the trial. These results are shown below in Table B‑21., and are also discussed in Section C.4.
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	Outcome
	CRT-D 
	ICD

	Mean EQ-5D index score at baseline 
	0.848 (SD 0.314)
	0.845 (SD 0.134)

	Mean EQ-5D index score during follow-upa
	0.884 (SD 0.145)
	0.874 (SD 0.145)


Abbreviations: CRT-D, cardiac resynchronisation therapy device capable of defibrillation; EQ-5D, EuroQol 5-Dimension; ICD, implantable cardioverter-defibrillator; SD, standard deviation
Source: Noyes et al (2013)63, Table 2
a	Mean of all EQ-5D index scores measured from 6 to 28 months after implantation.
The KCCQ results of the MADIT-CRT trial were published in as part of a separate substudy that used feasible generalised least squares regression was used to test differences between changes in KCCQ scores reported for participants in the CRT-D group compared with the changes in KCCQ scores reported for participants in the ICD group (Veazie et al 201280). These results are shown below in Figure B‑13. Participants in the CRT-D group had a significantly greater improvement in heart failure specific quality of life than those in the ICD group as assessed on the symptom stability, symptom frequency, symptom burden, physical limitation, quality of life, and social limitation KCCQ basic scales, and as assessed by determination of Total Symptom, Clinical Summary, and Overall Summary scores (P<0.05 on each scale). The results of the KCCQ analysis are consistent with the EQ-5D results reported by Noyes et al (2013)63, in that patients in the CRT-D group had significantly improved quality of life, compared to those in the ICD group, although the magnitude of change is small.
[bookmark: _Ref357700913][bookmark: _Toc354558716][bookmark: _Toc357771521][bookmark: _Toc359227909][bookmark: _Toc359248231]Figure B‑13	Difference in effect of CRT-D versus ICD implantation on mean changes in Kansas Cardiomyopathy Questionnaire scores in the MADIT-CRT trial
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Abbreviations: CRT-D, cardiac resynchronisation therapy device capable of defibrillation; ICD, implantable cardioverter-defibrillator 
Source: Veazie et al (2012)80, Figure 1
a	Differences in effect is defined as the change from baseline for the CRT-D group minus change from baseline for the ICD group. Results have been adjusted for baseline systolic and diastolic blood pressure levels. N = 1699.
Measures of cardiac size and contractile function 
Paired-sample analyses of mean changes in echocardiographic left ventricular volumes and LVEF are shown in Figure B‑14. These analyses included 746 participants in the CRT-D group (68.5%) and 620 participants in the ICD group (84.8%). After a mean follow-up duration of 29 months, mean changes in LVEDV, LVSEV and LVEF from baseline were significantly greater among participants in the CRT-D group than in the ICD group (P<0.001). These measures indicate that participants in the CRT-D group had improved cardiac size and contractile function, compared with those in the ICD group (Moss et al 200958). The contractile function and ventricular remodeling results of the MADIT-CRT trial have been explored in detail by Solomon et al (2010)75, Knappe et al (2011)43 and Kutiyifa et al (2013)45.
[bookmark: _Ref350762989][bookmark: _Toc350787195][bookmark: _Toc354558717][bookmark: _Toc357771522][bookmark: _Toc359227910][bookmark: _Toc359248232]Figure B‑14	Changes in left ventricular volumes and left ventricular ejection fraction observied in the MADIT‑CRT trial
[image: ]
Abbreviations: CRT-D, cardiac resynchronisation therapy device capable of defibrillation; ICD, implantable cardioverter-defibrillator
Source: Moss et al (2009)58, Figure 4
2. REVERSE
Table B‑21 summarises the mortality, hospitalisation and clinical composite results of the REVERSE trial as reported for the ITT population at 12 months after randomisation (Linde et al 2008a48), and for the European cohort at 24 months after randomisation (Daubert et al 200927). These results were not stratified by the type of device initially implanted. The CRT-ON group includes patients receiving the equivalent of CRT‑D or CRT-P therapy while the CRT-OFF group includes patients receiving the equivalent of an ICD or no device therapy. The results of the REVERSE trial are therefore biased in favour of the CRT-OFF group. 
[bookmark: _Ref354395686][bookmark: _Toc357771549][bookmark: _Toc358835275][bookmark: _Toc359227836][bookmark: _Toc359248853]Table B‑21	Summary of mortality, hospitalisation and clinical composite results of the REVERSE trial 
	Outcome
	CRT-ON
n/N (%)
	CRT-OFF
n/N (%)
	Risk difference (95%  CI)a
	Relative risk (95% CI)a

	ITT population, 12 month results (N = 1820)

	Death from any cause
	9/419 (2.1)
	3/191 (1.6)
	0.01 (-0.02, 0.03)
	1.37 (0.37, 4.99)

	Hospitalisation due to or associated with worsening heart failure
	12/419 (2.9)
	14/191 (7.3)
	-0.04 (-0.08, -0.00)
	0.39 (0.18, 0.83)

	Improved clinical composite response
	228/419 (54.4)
	76/191 (39.8)
	0.15 (0.06, 0.23)
	1.37 (1.13, 1.66)

	· Improved NYHA class and PGA
	69/419 (16.5)
	11/191 (5.8)
	0.11 (0.06, 0.16)
	2.86 (1.55, 5.28)

	· Improved NYHA class only
	59/419 (14.1)
	28/191 (14.7)
	-0.01 (-0.07, 0.05)
	0.96 (0.63, 1.46)

	· Improved PGA only
	100/419 (23.9)
	37/191 (19.4)
	0.04 (-0.02, 0.11)
	1.23 (0.88, 1.72)

	Unchanged clinical composite response
	124/419 (29.6)
	74/191 (38.7)
	-0.09 (-0.17, -0.01)
	1.23 (0.88, 1.72)

	European cohort, 24 month results (N = 262)

	Death from any cause
	4/180 (2.2)
	7/82 (8.5)
	-0.06 (-0.13, 0.00)
	0.26 (0.08, 0.86)

	Hospitalisation due to or associated with worsening heart failure
	12/180 (6.7)
	12/82 (14.6)
	-0.08 (-0.16, 0.01)
	0.46 (0.21, 0.97)

	Improved clinical composite response
	97/180(53.9)
	24/82 (29.3)
	0.25 (0.12, 0.37)
	1.84 (1.28, 2.65)

	· Improved NYHA class and PGA
	37/180 (20.6)
	8/82 (9.8)
	0.11 (0.02, 0.20)
	2.11 (1.03, 4.32)

	· Improved NYHA class only
	18/180 (10.0)
	8/82 (9.8)
	0.00 (-0.08, 0.08)
	1.02 (0.46, 2.26)

	· Improved PGA only
	42/180 (23.3)
	8/82 (9.8)
	0.14 (0.05, 0.22)
	2.39 (1.18, 4.86)

	Unchanged clinical composite response
	49/180 (27.2)
	30/82 (36.6)
	-0.09 (-0.22, 0.03)
	0.74 (0.51, 1.08)


Abbreviations: CRT-D, cardiac resynchronisation therapy device capable of defibrillation; ICD, implantable cardioverter-defibrillator; NYHA, New York Heart Association
Source: Linde et al (2008a)48, Table 2; Daubert et al (2009)27, Figure 4
a	Calculated post-hoc using Review Manager v5.1 (Mantel-Haenszel method, assuming random effects)
All-cause mortality
Within the ITT population, 2.1% of participants in the CRT-ON arm of the REVERSE trial died during the first 12 months after randomisation, compared with 1.6% of those in the CRT-OFF arm. The relative risk of death from any cause was not statistically significant (RR, 1.37; 95% CI 0.37, 4.99) (Linde et al 2008a48). 
During 24 months of follow-up, however, 2.2% of participants in the CRT-ON arm of the European cohort of the REVERSE trial died, compared with 8.5% of those in the CRT-OFF arm. Participants in the CRT-ON group had a significantly lower risk of death from any cause than those in the CRT-OFF group (RR, 0.26; 95% CI 0.08, 0.86) (Daubert et al 200927)
Hospitalisation for worsening heart failure
At 12 months after randomisation, 2.9% of participants in the CRT-ON group of the REVERSE trial had been hospitalised due to worsening heart failure, compared to 7.3% of those in the CRT-OFF group (RR, 0.39 95% CI, 0.18 to 0.83). The time to first hospitalisation for heart failure was significantly prolonged in favour of CRT-ON (HR, 0.47; P=0.03).
At 24 months after randomisation, 6.7% of participants in the CRT-ON group of the European cohort of the REVERSE trial had been hospitalised due to worsening heart failure, compared to 14.6% of those in the CRT-OFF group (RR, 0.46; 95% CI 0.21 to 0.97). The CRT-ON group had a significantly prolonged time to first hospitalisation for heart failure (HR, 0.39; P<0.01).
Other secondary outcomes
Table B‑22  and Figure B‑15 summarises other key secondary efficacy results of the REVERSE trial. These suggest that participants in the CRT-ON group experienced less adverse ventricular remodeling than those in the CRT-OFF group, and that active CRT did not have a significant effect on 6-minute walk distance or quality of life measured using the MLWHFQ or KCCQ (Linde et al 2008a48; Daubert et al 200927). Episodes of ventricular tachycardia or ventricular fibrillation occurred at a rate of 0.57 per year in the CRT-D group (196 episodes in 54 of 345 participants), versus 0.70 per year in the ICD group (114 episodes in 163 participants; P= 0.09) (Linde et al 2008a48).
[bookmark: _Ref354610883][bookmark: _Toc357771550][bookmark: _Toc358835276][bookmark: _Toc359227837][bookmark: _Toc359248854]Table B‑22	Summary of other secondary efficacy results of the REVERSE trial (12 and 24 month results)
	Outcome
	CRT-ON
	CRT-OFF
	P-value

	
	n/N (%)
	Mean (SD)
	n/N (%)
	Mean (SD)
	

	ITT population, 12 month results (N = 1820)

	Change in LVESVI, mL/m2
	324/419 (77.3)
	-18.4 (29.5)
	163/191 (85.3)
	-1.3 (23.4)
	0.0001

	Change in intraventricular mechanical delay, ms
	276/419 (65.9)
	-13.0 (43.2)
	140/191 (73.3)
	0.2 (34.0)
	0.0007

	Change in 6-minute walk distance, m
	NR
	12.7 (102.4)
	NR
	18.7 (105.2)
	0.52

	Change in MLWHF score
	NR
	-8.4 (17.1)
	NR
	-6.7 (15.9)
	0.26

	Change in KCCQ score
	NR
	8.7 (17.8)
	NR
	8.5 (16.1)
	0.91

	European cohort, 24 month results (N = 262)

	Change in LVESVI, mL/m2
	136/180 (71.3)
	-27.5 (31.8)
	51/82 (62.2)
	-2.7 (25.8)
	0.0001

	Change in 6-minute walk distance, m
	NR
	29.2 (87.3)
	NR
	21.9 (90.7)
	0.57

	Change in MLWHF score
	NR
	-8.2 (15.5)
	NR
	-7.0 (14.6)
	0.62


Abbreviations: CRT-D, cardiac resynchronisation therapy device capable of defibrillation; ICD, implantable cardioverter-defibrillator; KCCQ, Kansas City Cardiomyopathy Questionnaire; LVESVI, left ventricular end systolic volume-index; MLWHF, Minnesota Living with Heart Failure Questionnaire
Source: Linde et al (2008a)48, Table 2; Daubert et al (2009)27
a	Calculated post-hoc using Review Manager v5.1 (Mantel-Haenszel method, assuming random effects)

[bookmark: _Ref354611324][bookmark: _Toc350787196][bookmark: _Toc354558718][bookmark: _Toc357771523][bookmark: _Toc359227911][bookmark: _Toc359248233]Figure B‑15	Changes in mean LVESVI, LVEDVI and LVEF observed in the European cohort of the REVERSE trial (24 month results) [image: ]
Abbreviations: LVEDVI, left ventricular end diastolic volume-index; LVEF, left ventricular ejection fraction; LVESVI, left ventricular end systolic volume-index
Source: Daubert et al (2009)27, Figure 3

2. [bookmark: _Ref354325242]MIRACLE ICD II
The composite clinical response system described by Packer et al (2001)65 was used to assign participants to one of three clinical response categories: improved, worsened or unchanged. Table B‑23 summarises the relative proportions of participants with in each response category at six months after randomisation. Overall, 20.0% of participants in the CRT-D group were classified as having a worsened overall clinical status, compared with 30.7% of those in the ICD group.
[bookmark: _Ref350721800][bookmark: _Toc350729797][bookmark: _Toc350787181][bookmark: _Toc354394659][bookmark: _Toc357771551][bookmark: _Toc358835277][bookmark: _Toc359227838][bookmark: _Toc359248855]Table B‑23	Relative proportion of patients with an improved, unchanged or worsened clinical status in the MIRACLE ICD II trial 
	Outcome
	CRT-ON
	CRT-OFF

	
	n/N (%)
	n/N (%)

	All-cause mortality
	2/85 (2.4)
	2/101 (2.0)

	Change in overall clinical status
	
	

	· Improved
	49/85 (57.6)
	36/101 (35.6)

	· Unchanged
	19/85 (22.4)
	34/101 (33.7)

	· Worsened
	17/85 (20.0)
	31/101 (30.7)


Abbreviations: CRT-D, cardiac resynchronisation therapy device capable of defibrillation; ICD, implantable cardioverter-defibrillator
Source: Abraham et al (2004)1, Table 2
Other secondary efficacy results of the MIRACLE ICD II trial are summarised in Table B‑24. At six months after randomisation, participants in the CRT-ON group had improved exercise time and 6‑minute walk distance, but these results were not statistically different from the CRT-OFF group. Echocardiographic assessments showed that participants in the CRT-ON group had significantly reduced left ventricular end diastolic and end systolic volumes and a significantly improved LVEF. 
[bookmark: _Ref350717467][bookmark: _Toc357771552][bookmark: _Toc358835278][bookmark: _Toc359227839][bookmark: _Toc359248856][bookmark: _Toc350729796][bookmark: _Toc350787180][bookmark: _Toc354394658]Table B‑24	Summary of other secondary efficacy results of the MIRACLE ICD II trial 
	Outcome
	CRT-ON
	CRT-OFF
	P-value

	
	n/N (%)
	Mean (SD)
	n/N (%)
	Mean (SD)
	

	Change in exercise duration, s
	66/85 (77.6)
	0.5 (3.2)
	79/110 (71.8)
	37 (186)
	0.56

	Change in VE/VCO2, mL/min
	66/85 (77.6)
	42 (167)
	78/110 (70.9)
	0.5 (5.2)
	0.01

	Change in NYHA class
	82/85 (96.5)
	-0.18 (0.61)
	98/110 (89.1)
	0.01 (0.63)
	0.05

	Change in MLWHF score
	81/85 (95.3)
	-13.3 (25.1)
	96/110 (87.2)
	-10.7 (21.7)
	0.49

	Change in 6-min walk distance, m
	78/85 (91.8)
	38 (109)
	93/110 (84.5)
	33 (98)
	0.59

	Echocardiographic outcomes:
	
	
	
	
	

	· Change in LVEDV, mL
	69/85 (81.2)
	-41 (76)
	85/110 (77.3)
	-16 (62)
	0.04

	· Change in LVESV, mL
	68/85 (80.0)
	-42 (77)
	85/110 (77.3)
	-14 (57)
	0.01

	· Change in LVEF, absolute %
	68/85 (80.0)
	3.8 (8.0)
	85/110 (77.3)
	0.8 (6.2)
	0.02

	· Change in mitral regurgitation
	62/85 (72.9)
	-1.7 (4.7)
	84/110 (76.4)
	-1.0 (3.7)
	0.25

	Change in QRS duration, ms
	78/85 (91.8)
	-9 (24)
	95/110 (86.4)
	
	0.97

	Changes in plasma neurohormones, pg/mL
	
	
	
	
	

	· BNP
	64/85 (75.3)
	-195.2 (831.6)
	71/110 (64.5)
	-96.3 (581.6)
	0.81

	· Dopamine
	60/85 (70.6)
	-10.3 (59.7)
	71/110 (64.5)
	5.5 (18.2)
	0.26

	· Norepinephrine
	60/85 (70.6)
	10.1 (396.0)
	71/110 (64.5)
	63.3 (248.3)
	0.86

	· Epinephrine
	60/85 (70.6)
	-6.5 (34.2)
	71/110 (64.5)
	-4.7 (25.8)
	0.67

	· Big endothelin
	61/85 (71.8)
	-2.3 (15.6)
	70/110 (63.6)
	-4.3 (17.8)
	0.69


Abbreviations: BNP, brain natriuretic peptide; CRT-D, cardiac resynchronisation therapy device capable of defibrillation; ICD, implantable cardioverter-defibrillator; LVEDV, LVEF, left ventricular ejection fraction; left ventricular end diastolic volume; LVESV, left ventricular end systolic function; MLWHF, Minnesota Living with Heart Failure Questionnaire; NYHA, New York Heart Association
Source: Abraham et al (2004)1, Table 2
a	Calculated post-hoc using Review Manager v5.1 (Mantel-Haenszel method, assuming random effects)
14. [bookmark: _Toc350729761][bookmark: _Toc350787155][bookmark: _Ref354315657][bookmark: _Toc354996517][bookmark: _Toc357771579][bookmark: _Toc359248760]Safety outcomes
3. [bookmark: _Ref357754257]RAFT
One participant in the ICD arm of the RAFT trial died from worsening heart failure within 24 hours of device implantation. During the first 30 days after device implantation, there were 118 device- or implantation-related complications among the 888 participants who received a CRT-D implant, versus 61 among 899 participants in the ICD group (Table B‑25). These complications included haemothorax or pneumothorax, device-pocket haematoma requiring intervention, device-pocket infection requiring intervention, lead dislodgement requiring intervention, device-pocket problems requiring revision, and coronary sinus dissection, all of which occurred more frequently in the CRT-D group (Tang et al 201077). At the time of preparing this application, long-term safety data had not been reported for this trial.
[bookmark: _Ref350780340][bookmark: _Toc350780157][bookmark: _Toc350787182][bookmark: _Toc354394660][bookmark: _Toc357771553][bookmark: _Toc358835279][bookmark: _Toc359227840][bookmark: _Toc359248857]Table B‑25	System-related complications occurring within 30 days of implantation in the RAFT trial 
	Outcome
	CRT-D
n/N (%)
	ICD
n/N (%)

	Any AE during first 30 days after implant
	118/888 (13.3)
	61/899 (6.8)

	· Coronary sinus dissection
	11/888 (1.2)
	0/898 (0)

	· Device-pocket haematoma requiring intervention
	14/888 (1.6)
	11/899 (1.2)

	· Device-pocket infection requiring intervention
	21/888 (2.4)
	16/899 (1.8)

	· Device-pocket problems requiring revision
	4/888 (0.5)
	1/898 (0.1)

	· Haemothorax or pneumothorax
	11/888 (1.2)
	8/899 (0.9)

	· Heart failure exacerbation requiring IV medication and prolonged hospitalisation
	5/888 (0.6)
	3/899 (0.3)

	· Lead dislodgement requiring intervention
	61/888 (6.9)
	20/899 (2.2)

	· Other AE requiring prolonged hospitalisation
	1/888 (0.1)
	0/899 (0)

	· Tamponade
	1/888 (0.1)
	2/899 (0.2)


Abbreviations: AE, adverse event; CRT-D, cardiac resynchronisation therapy device capable of defibrillation; ICD, implantable cardioverter-defibrillator
Source: Tang et al (2010)77

A.14.3.1 [bookmark: _Ref357754258]MADIT-CRT
In total, 1079 of the 1820 participants enrolled in the MADIT-CRT trial underwent a CRT-D or ICD implant procedure. Of these, 144 participants experienced system-related complications (SRCs) within the first 30 days post-implant; 14 participants experienced SRCs between 31 and 60 days, and six participants experienced SRCs between 61 and 91 days. The system-related complication-free rate for participants in the CRT-D group was 84.8% with a lower one-sided 95% confidence bound of 82.9%. This was statistically significantly greater the pre-specified safety boundary of 70%, therefore it was concluded that CRT-D systems are safe in patients with NYHA class I or II heart failure, a LVEF of less than 30%, and QRS duration of 130 ms or more (MADIT-CRT CSR17). 
[bookmark: _Ref350780600]Serious adverse events occurring in the first 30 days post-implant are summarised in Table B‑26. These included pneumothorax, infection, device-pocket haematoma requiring evacuation and coronary venous dissection with pericardial effusion. During long-term follow-up after the first 30 days, serious device-related adverse events occurred with a frequency of 4.5 per 100 device-months in the CRT-D group versus 5.2 per 100 device-months in the ICD group (Moss et al 200958). 
[bookmark: _Ref350786962][bookmark: _Toc350787183][bookmark: _Toc354394661][bookmark: _Toc357771554][bookmark: _Toc358835280][bookmark: _Toc359227841][bookmark: _Toc359248858]Table B‑26	Serious adverse events occurring within 30 days of implantation in the MADIT-CRT trial
	Outcome
	CRT-Da
	ICDa

	SAE during first 30 days after implant
	
	

	· Pneumothorax
	1.7%
	0.8%

	· Infection
	1.1%
	0.7%

	· Device-pocket haematoma requiring evacuation
	3.3%
	2.5%

	· Coronary venous dissection with pericardial effusion
	0.5%b
	NA

	· Complication requiring repositioning of left ventricular lead
	4.0%c
	NA


Abbreviations: CRT-D, cardiac resynchronisation therapy device capable of defibrillation; ICD, implantable cardioverter-defibrillator; NA, not applicable; SAE, serious adverse event
Source: Moss et al (2009)58
a	n/N not reported
b	n = 5
c	n = 44
A.14.3.2 [bookmark: _Ref357754262]REVERSE
The REVERSE trial defined a complication as an adverse event that resulted in invasive intervention or the termination of significant device function regardless of other treatments was classified as a complication. Table B‑27 summarises the frequency of procedure or system-related complications occurring during the first 12 months after implantation. Complication rates did not differ between treatment groups (P=0.64) and were reported for the trial population as a whole.
During or just before implantation, a total of 26 procedure or system-related complications occurred among the 642 participants who underwent a CRT-D (83.3%) or CRT-P (16.7%) implant attempt. Twenty-five of these complications were resolved within 28 days of onset. The most common peri-operative complications were adverse drug reactions, pneumothorax and atrial fibrillation or flutter (4 cases each).
After implantation and during the 12-month follow-up period, 101 of the 621 successfully implanted patients experienced a total of 138 procedure or system-related complications. The most common post-implant complications were lead dislodgements (66 cases) and inappropriate device irritation of tissue (e.g. diaphragmatic nerve stimulation, 14 cases). At the time of database closure for the primary analysis, 128 (93%) of post-implant complications were resolved (66% within three weeks of onset), seven were ongoing, two were unresolved with no further actions expected, and one resulted in death. 
A total of 66 left ventricular lead-related complications occurred among 59 patients. In 48 cases these required reoperation (8% of successfully implanted patients). The most common types of left ventricular lead-related complications were left ventricular lead dislodgements (41 cases), diaphragmatic stimulation (14 cases), and subclavian vein thrombosis (3 cases). In 86% of cases, these complications were resolved without untoward clinical effects (Linde et al 2008a48). 
[bookmark: _Ref350782418][bookmark: _Toc350787184][bookmark: _Toc354394662][bookmark: _Toc357771555][bookmark: _Toc358835281][bookmark: _Toc359227842][bookmark: _Toc359248859]Table B‑27	Procedure or system-related complications occurring within 12 months after CRT-D implantation in the REVERSE trial
	Outcome
	n/N (%)a

	Procedure or system-related complications during or just before implant
	26/642 (4.0)

	· Adverse drug reaction
	4/642 (0.6)

	· Pneumothorax
	4/642 (0.6)

	· Atrial fibrillation or flutter
	4/642 (0.6)

	· Pulmonary oedema
	2/642 (0.3)

	· Ventricular fibrillation
	2/642 (0.3)

	· Complete heart block
	2/642 (0.3)

	· Cardiac tamponade
	1/642 (0.2)

	· Pericardial effusion
	1/642 (0.2)

	· Hypotension
	1/642 (0.2)

	· Increased defibrillation threshold
	1/642 (0.2)

	Procedure or system-related complications during the first 12 months after implantb
	101/621 (16.3)

	· Left ventricular lead dislodgement
	41/621 (6.6)

	· Right ventricular lead dislodgement
	15/621 (2.4)

	· Right atrial lead dislodgement 
	10/621 (1.6)

	· Inappropriate device irritation of tissue
	14/621 (2.3)

	· Atrial fibrillation or flutter
	8/621 (1.3)

	· Implant site haematoma
	5/621 (0.8) 

	· Hypotension
	4/621 (0.6) 

	· Pericardial effusion
	4/621(0.6)


Abbreviations: CRT-D, cardiac resynchronisation therapy device capable of defibrillation; ICD, implantable cardioverter-defibrillator; SAE, serious adverse event
Source: Moss et al (2009)58
a	Of the 684 participants enrolled in the REVERSE trial, 642 underwent an implant attempt and 621 were successfully implanted with a CRT or CRT-D device. Only those with a successful implant were included in the randomised phase of the study.
b	After implantation and during the 12-month follow-up, 101 of the 621 successfully implanted patients experienced a total of 138 procedure or system-related complications. At the time of database closure, 128 (93%) of the 138 complications were resolved, 7 were ongoing, 2 were unresolved and one resulted in death.

Within the European cohort of the REVERSE trial, device-related serious adverse events occurred among 9.2% of participants during the 24-month blinded follow-up period. The percentage of patients with serious adverse events in the CRT-ON versus CRT-OFF study groups was similar (P=0.66). Between 1 and 12 months after implantation serious adverse event rate was 6%, with the most common adverse event being lead dislodgement. The rate of serious adverse events between 12 and 24 months after implantation was 3%, consisting mainly of right ventricular lead dysfunction (Daubert et al 200927).

A.14.3.3 MIRACLE ICD II
The MIRACLE ICD II trial collected data on the frequency of complications, defined as a sign, symptom, illness, or other medical event that was resolved invasively or that resulted in the death of or serious injury to a patient, including termination of a significant device function. Of the 210 participants who underwent CRT-D implantation in the MIRACLE ICD II trial, 46 participants (22%) experienced 56 complications from the time of implant to discharge. Nineteen complications were related to placement of the left ventricular lead, including three coronary sinus dissections, three cardiac perforations, and five lead dislodgements. From hospital discharge to the end of the six month randomisation period, 109 complications occurred in 66 of 191 participants (35%) with a successful implant, of which 19 related to the left ventricular lead (Abraham et al 20041).
A.15 [bookmark: _Ref154206497][bookmark: _Toc316465624][bookmark: _Toc350787157][bookmark: _Ref354315660][bookmark: _Toc354996518][bookmark: _Toc357771580][bookmark: _Toc359248761]Extended assessment of comparative harms
The primary analysis of safety outcomes associated with medical services performed for CRT-D and ICD implantation comes from the analysis of system-related complications and serious adverse events observed within 30 days of implantation in the pivotal RAFT and MADI-CRT trials (Section B.6.3.1 and Section B.6.3.2). Data to support the long-term safety of CRT-D implantation comes from the REVERSE trial (Section B.6.3.3). 
A focused literature search was conducted to support the extended assessment of comparative harms associated with CRT-D versus ICD implantation. This search specifically sought to identify evidence from systematic reviews and post-marketing surveillance studies regarding the risk of rare or delayed adverse events. Five systematic reviews were identified that included pooled analyses of safety data from comparative trials of CRT-D, CRT-P or ICD implantation across all NYHA classes (Al-Majed et al 20113; Bertoldi et al 201115; Van Rees et al 201179). The characteristics and results of these studies are summarised in Table B‑28. 
[bookmark: _Ref355875378][bookmark: _Toc357771556][bookmark: _Toc358835282][bookmark: _Toc359227843][bookmark: _Toc359248860]Table B‑28	Summary of studies included in the extended assessment of comparative harms
	Study ID
	Summary of study characteristics
	Summary of safety results

	Pooled analyses of adverse events associated with CRT-D, CRT-P or ICD implantation across all NYHA classes

	Adabag 20112
	Systematic review and meta-analysis of 8 trials that compared CRT-D versus ICD in patients with NYHA class I or II heart failure.Includes pooled analysis of the rate of AEs occurring within 30 days of implant in RAFT and MADIT-CRT.
	Pooled analysis of AEs occurring within 30 days of implant in the RAFT and MADIT-CRT trials
Peri-operative mortality: 0.05% for CRT-D vs. 0.06% for ICD
Pneumothorax: 1.5% for CRT-D vs. 0.8% for ICD
Pocket haematoma: 2.5% for CRT-D vs. 1.8% for ICD
Pocket infection: 1.7% for CRT-D vs. 1.3% for ICD
LV lead dislodgement: 5.1% for CRT-D
Coronary sinus dissection: 0.8% for CRT-D
Any AE within 30 days: 18.2% for CRT-D vs. 4.0% for ICD

	Al-Majed 20113
	Systematic review and meta-analysis of 25 trials that compared CRT-D or CRT-P versus ICD or OMT in patients with heart failure (includes RAFT and MADIT-CRT). Includes pooled analysis of complication rates associated with CRT-D or CRT-P implantation. 
	Pooled analysis of complication rates associated with CRT‑D or CRT-P implantation across all NYHA classes
Implant success rate: 94.4% (95% CI, 93.8-94.8%) 
Peri-operative mortality: 0.3% (95% CI, 0.2-0.5%)
Mechanical complications: 3.2% (95% CI, 2.8-3.6%)a
Device malfunction: 1.9% (95% CI, 1.5-2.4%)b
Lead problems: 6.2% (95% CI, 5.6-6.8%)c
Infection: 1.4% (95% CI, 1.1-1.7%)

	Bertoldi 201115
	Systematic review and meta-analysis of 11 trials that compared CRT-D or CRT-P versus ICD or OMT in patients with heart failure (includes RAFT and MADIT-CRT). Includes pooled analysis of complication rates associated with CRT-D or CRT-P implantation. 

	Pooled analysis of complication rates associated with CRT‑D or CRT-P implantation across all NYHA classes
Implant failure rate: 8% (95% CI, 6-11%)
Any major peri-implant complication: 13.2% (95% CI, 7.3-23.9%)
Implant-related mortality: 0.6% (95% CI, 0.2-2.2%)
Rate of peri-implant complications related to the left ventricular lead: 3% (95% CI, 1-8.7%)

The rate of all types of implant-related complication
showed a progressive decline from earlier to more recent
studies. Restricting analysis to trials published after 2004
reduced the pooled risks of implant failure to 6.3% (95%
CI, 4.3-9.2%), any peri-implant complication to 9.8%
(95% CI, 6.3-15.4%), complications related to left ventricular lead to 1.8% (95% CI, 0.7-4.5%), and implant-related mortality to 0.2% (95% CI, 0.1-0.9%).

	Tu 201178
	Systematic review and meta-analysis of 8 trials that compared CRT-D or CRT-P versus ICD or OMT in patients with heart failure (all NYHA classes). Includes pooled analysis of complication rates associated with CRT-D or CRT-P implantation versus ICD implantation in RAFT, MADIT-CRT and the European cohort of the REVERSE trial.
	Overall RR for complications associated with CRT‑D or CRT‑P implantation versus ICD implantation: 1.74 (95% CI, 1.44, 2.11)

RR for complications occurring within 30 days of implant in RAFT and MADIT-CRT, for CRT‑D implantation versus ICD implantation: 1.79 (95% CI, 1.47, 2.18)


	Van Rees 201179
	Systematic review and meta-analysis of implantation-related complication rates reported in 18 CRT-D, CRT-P or ICD implantation studies. Published one month before RAFT. 
	Pooled analysis of in-hospital mortality
Thoracotomy and nonthoracotomy ICD systems: 2.7%
Nonthracotomy ICD systems: 0.2%
Nonthoracotomy CRT-D or CRT-P systems: 0.3%

Pooled analysis of death within 30 days of implant
Thoracotomy and nonthoracotomy ICD systems: 3.1%
Nonthracotomy ICD systems: 0.6%
Nonthoracotomy CRT-D or CRT-P systems: 0.7%

Pooled analysis of pneumothorax
Nonthracotomy ICD systems: 0.9%
Nonthoracotomy CRT-D systems: 0.9%

· Pooled analysis of coronary vein dissection, perforation or tamponade associated with CRT-D or CRT-P implant
Perforation or Tamponade
2.0%

Pooled analysis of implant site haematoma or bleeding
Thoracotomy and nonthoracotomy ICD systems: 4.7%
Nonthracotomy ICD systems: 2.2%
Nonthoracotomy CRT-D systems: 2.4%

Lead dislodgement 
Nonthracotomy ICD systems: 1.8
Nonthoracotomy CRT-D systems: 5.7


Abbreviations: AEs, adverse events; CI, confidence interval; CRT-D, cardiac resynchronisation therapy device capable of defibrillation; CRT‑P, cardiac resynchronisation therapy device; ICD, implantable cardioverter-defibrillator; LV, left ventricular; NYHA, New York Heart Association; OMT, optimised medical therapy; RR, relative risk 
No post-marketing studies were identified that specifically assessed the long-term safety of CRT-D or ICD implantation in patients with NYHA class II heart failure. It is noted that potential adverse events may include rejection phenomena, erosion through the skin, muscle or nerve stimulation, oversensing, failure to detect and/or terminate tachyarrhythmia episodes, lead or accessory breakage, and inappropriate shock (Section A.6). 
A.16 [bookmark: _Ref154206506][bookmark: _Toc316465625][bookmark: _Toc350787158][bookmark: _Toc354996519][bookmark: _Toc357771581][bookmark: _Toc359248762]Summary of clinical evidence
This submission requests an MBS listing for the medical services relating to the insertion, removal or replacement of a CRT-D for patients with NYHA class II heart failure, a LVEF of less than or equal to 30%, and a QRS duration of 150 ms or more, despite optimised medical therapy. 
The primary evidence for the main clinical evaluation of CRT-D implantation compared with ICD implantation from two similarly designed direct comparative RCTs which showed that CRT-D implantation reduces the risk of all-cause mortality and hospitalisation for heart failure, compared with ICD implantation (Tang et al 201077; Moss et a 200958). Meta-analyses of the all-cause mortality, cardiovascular mortality, hospitalisation for heart failure results of these trials are shown below. 
[bookmark: _Toc357771524][bookmark: _Toc359227912][bookmark: _Toc359248234]Figure B‑16	Meta-analysis of all-cause mortality rates reported for RAFT and MADIT-CRT
[image: ]
Source: Tang et al (2010)77, Moss et al (2009)58
[bookmark: _Toc357771525][bookmark: _Toc359227913][bookmark: _Toc359248235]Figure B‑17	Meta-analysis of all-cause mortality rates reported for pivotal and supportive trials†
[image: ]Source: Tang et al (2010)77, Moss et al (2009)58; Daubert et al (2009)27; Abraham et al (2004)1
†Includes 24 month results from REVERSE European cohort


[bookmark: _Toc357771526][bookmark: _Toc359227914][bookmark: _Toc359248236]Figure B‑18	Meta-analysis of cardiovascular mortality rates reported for RAFT and MADIT-CRT†
[image: ]Source: Tang et al (2010)77, Moss et al (2009)58
†Cardiovascular mortality not reported in supportive trials

[bookmark: _Toc357771527][bookmark: _Toc359227915][bookmark: _Toc359248237]Figure B‑19	Meta-analysis of hospitalisation for heart failure and heart failure event rates reported for RAFT and MADIT-CRT
[image: ]Source: Tang et al (2010)77, Moss et al (2009)58

[bookmark: _Toc357771528][bookmark: _Toc359227916][bookmark: _Toc359248238]Figure B‑20	Meta-analysis of hospitalisation for heart failure and heart failure event rates reported for pivotal and supportive trials†
[image: ]Source: Tang et al (2010)77, Moss et al (2009)58; Daubert et al (2009)27; Abraham et al (2004)1
†Not reported for MIRACLE ICD II
[bookmark: _Ref358386680][bookmark: _Toc359248763]Synthesis with other evidence
A.17 [bookmark: _Ref356174835][bookmark: _Ref356175127][bookmark: _Toc356339807][bookmark: _Toc359248764][bookmark: _Ref159989003]Applicability of trial-based evidence to the proposed MBS population
Identification of issue that needs to be addressed
This application proposes the use of CRT-D as a direct substitute for ICD in patients with NYHA class II heart failure, who have sinus rhythm, an LVEF of less than or equal to 30%, and a QRS duration greater than or equal to 150 ms despite optimised medical therapy. Direct comparative trials need to be representative of this patient population and therefore of patients who would be eligible for CRT-D therapy under the proposed changes to the current MBS listings, and that the clinical outcomes observed in the pivotal trials can be expected to be replicated in an Australian context. 
Focused analytic plan
In order to assess the applicability of trial-based evidence to proposed MBS population, the baseline demographic and disease characteristics of participants enrolled in the direct comparative randomised trials were compared with data sourced from an Australian analysis of current ICD use (Bradshaw et al 201318), the proposed MBS criteria, and clinical recommendations made by the National Heart Foundation of Australia and Cardiac Society of Australia and New Zealand (NHFA/CSANZ 201159).
Results of pre-modelling study
The study by Bradshaw et al (2013)18 was a retrospective study of ICD use in Western Australia. It used the Health Department of Western Australia’s Data Linkage System to retrospectively identify all incident cases of ICD implantation recorded between 1980 and 2009. In total, there were 1593 index admissions for ICD implantation recorded between 1988 and 2009. Patients that received an ICD implant were mostly male (82%). Those that received an ICD between 2005 and 2009 had a mean age of 63.5 years (SD, 12.6). The age and gender distribution of patients identified by Bradshaw et al18 are consistent and comparable to the age and gender characteristics of patients enrolled in the RAFT, MADIT-CRT, REVERSE and MIRACLE ICD II trials (Table C‑1).
[bookmark: _Ref355783358][bookmark: _Toc358382761][bookmark: _Toc358382861][bookmark: _Toc358383657][bookmark: _Toc359227844][bookmark: _Toc359248861][bookmark: _Toc358835283]Table C‑1	Age and gender distribution of participants in the direct comparative randomised trials and the study by Bradshaw et al (2013)18
	Characteristic
	Pivotal trialsa
	Australian ICD recipients (Bradshaw 2013)

	
	RAFT
	MADIT-CRT
	

	
	CRT-D
	ICD
	CRT-D
	ICD
	

	Age, years – mean (SD)
	66.1 (9.3)
	66.2 (9.4)
	65 (11)
	64 (11)
	63.5 (12.6)b

	Male sex - %
	84.8%
	81.0%
	74.7%
	75.6%
	82%


Source: Tang et al (2010)77; Moss et al (2009)58; Bradshaw et al (2013)18
Abbreviations: CRT-D, cardiac resynchronisation therapy device capable of defibrillation; ICD, implantable cardioverter defibrillator; SD, standard deviation
a	Age and distribution characteristics of participants in the direct comparative randomised trials are as presented in Table B‑8.
b	As reported for the period from 1988 to 2009.

Patients in the proposed MBS population are required to have NYHA class II heart failure, sinus rhythm, a LVEF of less than or equal to 30% and a QRS duration of 150 ms or more, despite optimised medical therapy. The characteristics of participants enrolled in the direct comparative randomised trials are compared against the proposed MBS criteria and the population recommended for CRT-D implantation in current Australian clinical practice guidelines (NHFA/CSANZ 201159) in Table C‑2. 
[bookmark: _Ref355774532][bookmark: _Toc358382762][bookmark: _Toc358382862][bookmark: _Toc358383658][bookmark: _Toc358835284][bookmark: _Toc359227845][bookmark: _Toc359248862][bookmark: _Ref355713336]Table C‑2	Comparison of patients in the proposed MBS population, the populations enrolled in the pivotal trials, and the population recommended for CRT-D implantation in current Australian clinical practice guidelines
	Proposed MBS population
	Pivotal trialsa
	Population recommended for CRT-D in Australian clinical practice guidelines (NHFA/CSANZ 201159)

	
	RAFT
	MADIT-CRT
	

	Patients with NYHA class II heart failure who meet all of the following criteria, despite OMT:
· Sinus rhythm
· LVEF ≤ 30%
· QRS duration ≥ 150 ms
	The RAFT trial included patients with NYHA class II or III heart failure that met all of the following criteria, despite OMT:
· Sinus rhythm or permanent atrial fibrillation or flutter
· LVEF ≤ 30%
· Intrinsic QRS duration ≥ 120 ms or paced QRS duration ≥ 200 ms

The RAFT trial included an a priori defined analysis by NYHA class. This provides data specific to NYHA II patients specified in the proposed MBS indication.

Baseline characteristics:
· On average, 80.0% of the trial population had NYHA class II heart failure
· 87.2% had sinus rhythmb
· 57.7% had an intrinsic QRS duration ≥ 150 msc

	The MADIT-CRT trial included patients with NYHA class I or II heart failure that met all of the following criteria, despite OMT:
· Sinus rhythm
· LVEF ≤ 30%
· Intrinsic QRS duration ≥ 130 ms

Baseline characteristics:
· 85.4% of the trial population had NYHA class II heart failure
· 64.6% had an intrinsic QRS duration ≥ 150 ms
	Patients with NYHA class II heart failure who meet all of the following criteria, despite OMT:
· LVEF ≤ 30%
· QRS duration ≥ 150 ms


Source: Tang et al (2010)77; Moss et al (2009)58; NHFA/CSANZ 201159
Abbreviations: CRT-D, cardiac resynchronisation therapy device capable of defibrillation; LVEF, left ventricular ejection fraction; MBS, Medicare Benefits Schedule; ms, milliseconds; NYHA, New York Heart Association; OMT, optimised medical therapy
a	Baseline disease characteristics are as presented in Table B‑8.
b	Includes patients with an atrial pacemaker
c	Determined from subgroup analysis, Figure 3 of Tang et al 201077

Overall, the majority of patients enrolled in each trial met each of the proposed MBS criteria. The RAFT trial included patients with NYHA class II or III heart failure that had sinus rhythm or permanent atrial fibrillation or flutter, a LVEF of less than or equal to 30%, and a QRS duration of 120 ms or more or a paced QRS duration of 200 ms or more, despite optimised medical therapy. The number of participants who met all of the proposed MBS criteria could not be determined based on the available data, however 80.0% of the trial population had NYHA class II heart failure; 87.2% of all participants had sinus rhythm; and 57.7% had an intrinsic QRS duration of 150 ms or more (Tang et al 201077). 
The MADIT-CRT trial included patients with NYHA class I or II heart failure that had sinus rhythm, a LVEF of less than or equal to 30%, and a QRS duration of 130 ms or more, despite optimised medical therapy. The number of participants who met all of the proposed MBS criteria could not be determined, however 85.4% of trial participants had NYHA class II heart failure and 64.6% had an intrinsic QRS duration of 150 ms or more (Moss et al 200958). These results indicate that the populations included in the pivotal trials for the main clinical evaluation are likely to be representative of patients in the proposed MBS population. It is therefore reasonable to assume that clinical outcomes observed in these trials are applicable to the Australian context.
The primary publication for the RAFT trial (Tang et al 201077) included an a priori defined analysis of the efficacy of CRT-D versus ICD implantation in patients with NYHA class II heart failure who had a LVEF of less than or equal to 30% at baseline, despite optimised medical therapy (80% of total trial population; N=1438). Because this subgroup excludes patients in other NYHA classes, it matches the characteristics of the proposed MBS population more closely than the full population included in the either pivotal trial. Clinical outcomes reported for this population are used in the base case analyses presented in Section D. 
Relationship to economic evaluation
The results of this pre-modelling study show that that baseline demographic and disease characteristics of participants enrolled in the direct comparative randomised trials are likely to be representative of patients who would receive CRT-D in Australia if the MBS listings were modified as requested. The data that most closely matches the MBS indication and the economic evaluation for CRT-D presented herein is based on the a priori identified efficacy results reported for the subgroup of patients with NYHA class II heart failure in the RAFT trial (Tang et al 201077). 
[bookmark: _Ref329179648][bookmark: _Toc329271170]
A.18 [bookmark: _Toc356339808][bookmark: _Ref358386549][bookmark: _Ref358386645][bookmark: _Ref358386656][bookmark: _Ref358386715][bookmark: _Ref358818616][bookmark: _Ref358818848][bookmark: _Toc359248765]Extrapolation of trial-based evidence: all-cause mortality
Identification of the issue that needs to be addressed
In an a priori defined analysis the RAFT trial found that of the 730 NYHA Class II subjects in the ICD group, 154 (21.1%) of them died, while in the CRT-D group, 110 of 708 (15.5%) died. The adjusted hazard ratio was 0.71 in favour of CRT-D. These differences were statistically significant (p=0.006). At five years, the mortality rates were 31.0% in the NYHA Class II ICD group, and 23.7% in the NYHA Class II CRT-D group. While these results show that CRT-D has a survival benefit when compared to ICD treatment (in NHYA II patients over the trial period), a large proportion of patients in both arms of the trial remain alive at the end of follow-up (see Figure C‑1). Therefore, any mean estimation of survival benefit generated over the trial period is truncated and will not reflect the true magnitude of survival benefit a population can expect from the introduction of CRT-D treatment over their lifetime. Consequently, a method of extrapolating the survival benefits beyond the trial period was required.
Focused analytic plan
As the individual patient data (IPD) were not available to the Sponsors (the RAFT trial was an investigator initiated RCT conducted by a third-party) the Kaplan Meier survival curves comparing ICD and CRT-D needed to be reproduced manually from images presented in the RAFT publication (Figure 2C; Tang et al 201077). One of the most commonly used parametric survival functions applied in the economic modelling of health care (ie. Weibull distribution) was then fitted to the ICD survival curve (by ordinary least squares; OLS) to ascertain a baseline hazard associated with this treatment. To ensure any minor baseline imbalances between arms were accounted for the adjusted hazard ratio (0.71) was then applied to the baseline Weibull hazard function to determine the treatment effect due to CRT-D treatment over time.  A secondary analysis was also conducted assuming that hazards were constant over time (ie. using an exponential survival function). The results of this analysis are presented in the sensitivity analyses presented in Section D.6.  
Results of the pre-modelling study
A comparison of the non-parametric Kaplan Meier survival curves and the parametric Weibull analysis for both treatment arms over the trial period are presented in Figure C‑1.The figure also presents the gamma (1.36) and lambda (120.07) parameter values estimated by OLS.  The survival functions are compared over the cohort’s lifetime in Figure C‑2.
Using the Weibull survival function the survival associated with ICD and CRT-D could then be projected beyond the trial period to determine the survival benefits that CRT-D can be expected to bring over the lifetime of the treated cohort. As assumed in the MSAC review of ICDs conducted in 2006 (see MSAC Reference 32 p. 140 and Appendix G), and due to the chronic nature of the treatment the adjusted hazard ratio favouring CRT-D over ICD was assumed to be maintained over the time horizon of the economic model. This assumption was tested in sensitivity analyses (see Section D.6).
[bookmark: _Ref343697347][bookmark: _Toc359227917][bookmark: _Toc359248239][bookmark: _Toc345574399][bookmark: _Toc349677050][bookmark: _Toc354558699][bookmark: _Toc357688883]Figure C‑1	Comparison of Kaplan Meier and Weibull survival analysis for patients with NYHA class II heart failure 
[image: ] 
Source: Figure 2C Tang et al (2010)77
Abbreviations: CRT-D, cardiac resynchronisation therapy device capable of defibrillation; ICD, Implantable cardioverter defibrillator; KM, Kaplan Meier
[bookmark: _Ref359241257][bookmark: _Toc359248240]Figure C‑2: Comparison of Kaplan Meier and Weibull survival analysis for patients with NYHA class II heart failure (life-time)
[image: ]

Relationship to the economic evaluation
The results of this pre-modelling study show that a Weibull function (Gamma = 1.36 and Lambda 120.07) accurately represents the survival of patients treated with an ICD in the RAFT trial. After application of the adjusted hazard ratio favouring CRT-D over ICD (0.71; 95% CI, 0.56-0.91, p=0.006) to the baseline hazard (ie. ICD hazard) the survival benefit expected with CRT-D is also accurately represented. This provides a basis on which to extrapolate treatment effect beyond the trial period in the economic model presented in Section D. 
[bookmark: _Toc356339812][bookmark: _Ref358386723][bookmark: _Ref358386851][bookmark: _Ref358386872][bookmark: _Ref358386886][bookmark: _Ref358386896][bookmark: _Ref358386902][bookmark: _Ref358818624][bookmark: _Ref359248245][bookmark: _Toc359248766]Utility weight estimates
Identification of issue that needs to be addressed
The EQ-5D results of the MADIT-CRT trial showed that patients with NYHA class I or II heart failure that underwent CRT-D implantation had significantly improved health-related quality of life, compared to those who underwent ICD implantation, over a mean follow-up duration of 28 months. These results are directly applicable to the proposed MBS population, but have also been compared with utility values sourced from the literature. 
Focused analytic plan
A comprehensive literature search was conducted to identify preference-based utility weights applicable to the proposed MBS population. This search specifically aimed to identify publications that described preference-based utility weight estimates that were applicable to patients with chronic heart failure, were applicable to adverse outcomes (e.g. hospitalisation for heart failure), or were representative of differing levels of CRT-D or ICD treatment response. Details of the literature search methodology are presented in Appendix D. 
Results of pre-modelling study
In total, the literature search for relevant utility weight estimates identified 34 publications that reported preference-based utility weight estimates that related to chronic heart failure. The characteristics and results of these studies are presented in Appendix D. 
Ten studies (including the MADIT-CRT trial) reported utility weight estimates that are applicable to patients with mild chronic heart failure (NYHA I-II). These are summarised below in Table C‑3. The mean baseline utility of participants in the CRT-D arm of the MADIT-CRT trial was 0.848 (SD, 0.134) and the mean baseline utility of participants in the ICD arm was 0.845 (SD, 0.134) (Noyes et al 201363). These utility weight estimates appear high when compared with published estimates of the utility of patients with mild chronic heart failure (range, 0.64 to 0.82; Alehagen et al 20084; Cleland et al 200826; Ford et al 201230; Gohler et al 200931; Havranek et al 200437; Linde et al 201151; Miller et al 200956; Pradelli et al 200967; Yao et al 200782). This can partially be explained by the fact that 14.6% of participants in the MADIT-CRT trial had NYHA class I heart failure, and were therefore asymptomatic at baseline. Patients with NYHA class I heart failure are asymptomatic (despite left ventricular dysfunction), and have a higher quality of life than those with NYHA class II heart failure (Yao et al 200782. The use of utility values sourced directly from the MADIT-CRT trial may potentially underestimate the quality of life benefit associated with use of CRT-D in the proposed patient population as these patients may have less impairement at baseline and, therefore, may have less room for utility improvement with CRT-D.  A weighted average baseline utility estimate was calculated to account for differences in the mean baseline utility of participants in each arm of the MADIT-CRT trial.
[bookmark: _Ref356491198][bookmark: _Toc358382763][bookmark: _Toc358382863][bookmark: _Toc358383659][bookmark: _Toc358835285][bookmark: _Toc359227846][bookmark: _Toc359248863]Table C‑3	Utility weight estimates applicable to mild chronic heart failure
	Study ID
	Country
	Study description
	Method of elicitation
	Relevant health state
	Utility

	Trial-based utilities
	
	
	
	
	

	MADIT-CRT (Noyes 201363)
	US, Europe and Canada
	Trial-based evaluation of MADIT-CRT (NYHA I/II)
	EQ-5D
Elicited directly from patients in health state
	Baseline utility:
	

	
	
	
	
	· CRT-D
	0.848 (SD 0.134)

	
	
	
	
	· ICD
	0.845 (SD 0.134)

	
	
	
	
	Weighted average
	0.847

	Supportive studies
	
	
	
	
	

	Alehagen 20084
	Sweden
	HRQoL study assessing utility weights among elderly patients with chronic heart failure 
(NYHA I-III)
	TTO
Elicited directly from patients in health state
	NYHA class II heart failure
	0.71 
(95% CI 0.66, 0.74)

	Cleland 200826
	International
	Long-term follow-up of a RCT comparing CRT-P with OMT for the heart failure, CARE-HF 
(NYHA I-IV)
	EQ-5D
Elicited directly from patients in health state
	Mean utility of patients with NYHA I or II heart failure at baseline
	0.78 
(95% CI 0.69, 0.85)

	Ford 201230
	Australia
	CUA comparing hawthorne extract to standard care for the treatment of heart failure (NYHA I-IV)
	Estimated from the literature (Yao 2007)
	NYHA class II heart failure (no hospitalisation)
	0.72

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	Gohler 200931
	Germany
	HRQoL substudy of RCT comparing  administration of eplerenone to patients with heart failure after acute MI, versus standard care  (NYHA I-IV) 
	EQ-5D
Elicited directly from patients in health state
	NYHA class II heart failure
	0.714

	Havranek 200437
	US/Canada
	HRQoL substudy of RCT comparing  omapatrilat to eplerenone in patients with chronic heart failure (NYHA II-IV)
	TTO
Elicited directly from patients in health state
	NYHA class II heart failure
	0.82 (SD 0.25)

	Linde 201151
	UK
	CUA based on the REVERSE trial (NYHA I/II)
	Estimated from the literature
	NYHA class II heart failure
	0.78 
(95% CI 0.72, 0.84)

	Miller 200956
	US
	CUA of the long-term impact of a heart failure management programme (NYHA I‑IV)
	Estimated from SF‑36 scores
	NYHA class II heart failure
	0.64

	Pradelli 200967
	Italy
	CUA of valsartan for the treatment of chronic heart failure (NYHA II‑IV) 
	Estimated from the literature
	NYHA class II heart failure
	0.813

	Yao 200782
	UK
	Trial-based CUA comparing CRT‑D with CRT‑P (NYHA I-IV)
	EQ-5D
Elicited directly from patients in health state
	NYHA class II heart failure
	0.720 
(95% CI 0.72, 0.69)


Abbreviations: CRT-D, cardiac resynchronisation therapy device capable of defibrillation; CRT-P, cardiac resynchronisation therapy pacemaker; CUA, cost-utility analysis; EQ-5D, EuroQol-5 Dimensions; HRQoL, health-related quality of life; ICD, implantable cardioverter defibrillator; NYHA, New York Heart Association; OMT, optimised medical therapy; SF-36, Short Form 36 Health Survey; TTO, time-trade-off
Source: Noyes et al (2013)63, Alehagen et al (2008)4, Cleland et al (2008)26, Ford et al (2012)30, Gohler et al (2009)31, Havranek et al (2004)37, Linde et al (2011)51, Pradelli et al (2009)67, Yao et al (2007)82
Seven studies (including the MADIT-CRT trial) reported estimates of changes in health-related quality of life associated with CRT-D or ICD implantation in patients with NYHA class II heart failure. In the MADIT-CRT trial, participants that received a CRT-D had a mean utility of 0.884 (SD 0.145) over 28 months of follow-up, compared with 0.874 (SD, 0.145) for participants that received an ICD. In both groups this represented a small but significant improvement in health-related quality of life from baseline (P-value not reported). The difference between treatment groups was reported to be statistically significant (Noyes et al 201363). The magnitude of change in quality of life reported for both arms of the MADIT-CRT is consistent with other published estimates of changes in health-related quality of life associated with CRT-D and ICD implantation (Chen et al 200423; Feldman et al 200529; Noyes et al 200962; Ozasa et al 200864; Riberio et al 201070; Sanders et al 201072).
[bookmark: _Toc358382764][bookmark: _Toc358382864][bookmark: _Toc358383660][bookmark: _Toc358835286][bookmark: _Toc359227847][bookmark: _Toc359248864]Table C‑4	Utility weight estimates before and after device therapy for heart failure 
	Study ID
	Country
	Study description
	Method of elicitation
	Relevant health state
	Utility

	Trial-based utilities
	
	
	
	
	

	MADIT-CRT (Noyes 201363)
	US, Europe and Canada
	Trial-based evaluation of MADIT-CRT (NYHA I/II)
	EQ-5D
Elicited directly from patients in health state
	CRT-D:
	

	
	
	
	
	· Baseline
	0.848 (SD 0.134)

	
	
	
	
	· During follow-up
· During follow-up adjusted for minor baseline differences
	0.884 (SD 0.145)
0.883a 

	
	
	
	
	ICD
	

	
	
	
	
	· Baseline
	0.845 (SD 0.134)

	
	
	
	
	· During follow-up
· During follow-up adjusted for minor baseline differences
	0.874 (SD 0.145)
0.876a

	Supportive studies
	
	
	
	
	

	Chen 200423
	US
	CUA of ICD for primary prevention of sudden cardiac death in patients with congestive heart failure
	Assumptions based on literature
	Patients with congestive heart failure: 
	0.71

	
	
	
	
	· Baseline 	
	0.71

	
	
	
	
	· One year after ICD implant
	0.639

	
	
	
	
	· Two years after ICD implant
	0.71

	Feldman 200529
	International
	RCT and CUA comparing CRT-D with CRT-P and OMT for the treatment of moderate to severe heart failure 
(NYHA III-IV)
	Mapped from MLWHFQ scores elicited from patients in health state
	CRT-D:
	

	
	
	
	
	· Baseline
	0.62

	
	
	
	
	· 3 months
	0.77

	
	
	
	
	· 6 months 
	0.77

	
	
	
	
	CRT-P:
	

	
	
	
	
	· Baseline
	0.62

	
	
	
	
	· 3 months
	0.78

	
	
	
	
	· 6 months
	0.79

	Noyes 200962
	US
	CUA of ICD versus OMT for patients with chronic heart failure from the MADIT II trial
(NYHA I-IV)
	HUI3
Elicited directly from patients in health state
	ICD:
	

	
	
	
	
	· Baseline
	0.637

	
	
	
	
	· During follow-up
	0.601

	
	
	
	
	OMT:
	

	
	
	
	
	· Baseline
	0.646

	
	
	
	
	· During follow-up
	0.678

	Ozasa 200864
	Japan
	CUA of ICD implantation in patients with chronic heart failure
	TTO
Questionnaire administered to 27 cardiologists
	ICD:
	 

	
	
	
	
	· Well
	0.792 

	
	
	
	
	· Complication
	0.589 

	Riberio 201070
	Brazil
	CUA of ICD implantation in patients with heart failure 
(NYHA II or III)
	Estimated from the literature
	ICD:
	

	
	
	
	
	· Baseline
	0.88

	
	
	
	
	· During follow-up
	0.88

	Sanders 201072
	US
	CUA of ICD implantation in patients aged 65 years or more with chronic heart failure 
	Estimated from the literature
	ICD:
	

	
	
	
	
	· Baseline
	0.88

	
	
	
	
	· During follow-up
	0.88


Abbreviations: CRT-D, cardiac resynchronisation therapy device capable of defibrillation; CRT-P, cardiac resynchronisation therapy pacemaker; CUA, cost-utility analysis; EQ-5D, EuroQol-5 Dimensions; HUI3, health utilities index version 3; ICD, implantable cardioverter defibrillator; MLWHFQ, Minnesota Living with Heart Failure questionnaire; NYHA, New York Heart Association; OMT, optimised medical therapy; RCT, randomised controlled trial; SF-36, Short Form 36 Health Survey; TTO, time-trade-off
Source: Noyes et al (2013)63, Chen et al (2004)23, Feldman et al (2005)29, Noyes et al (2009)62, Ozasa et al (2008)64, Riberio et al (2010)70, Sanders et al (2010)72
a See CRTD Supportive calculations workbook.xls for calculation details
[bookmark: _Ref356136400]Relationship to economic evaluation
The base case economic evaluation presented in Section D uses preference-based health-related quality of life (utility) weight estimates sourced from the MADIT-CRT trial (Noyes et al 201363). These values appear to be consistent with those reported in other studies that have assessed preference-based quality of life in patients with mild chronic heart failure. As these values are collected in a head-to-head RCT comparison of the two treatments of interest (ICD and CRT-D) they capture any utility improvements or disutility associated with the two treatments. As such, these utility weights are applied to the appropriate arm of the economic model without application of different utility weights to different health states. These estimates are subjected to a range of sensitivity analyses presented in Section D.6 of this submission. A supplementary analysis in which all preference-based health-related quality of life weighting of survival is removed (ie. a cost per life-year-saved analysis) is presented in Section D.5 of this submission). 
[bookmark: _Toc356339813]
A.19 [bookmark: _Ref358386832][bookmark: _Ref358817751][bookmark: _Ref358818631][bookmark: _Ref358818830][bookmark: _Toc359248767]Cost of optimised medical therapy
Identification of issue that needs to be addressed
All patients who receive a CRT-D or ICD implant continue to receive optimised medical therapy. It was necessary to estimate an indicative cost of optimised medical therapy for use in the economic evaluation presented in Section D.  
Focused analytic plan
The methodology described in MSAC Assessment Report 32 was used to estimate the annual cost of optimised medical therapy for chronic heart failure in Australia. To ensure that all underlying assumptions appropriately reflect current clinical practice, this included:
A review of the National Heart Foundation of Australia and Cardiac Society of Australia and New Zealand’s recommendations for pharmacologic treatment of symptomatic chronic heart failure (NHFA/CSANZ 201159)
A focused literature search that aimed to identify studies that characterised the types of drugs that would typically be used to manage patients with NYHA class II heart failure in current clinical practice
The development of a typical treatment plan for the management of chronic heart failure in patients who meet the proposed MBS criteria
The calculation of an indicative annual cost of  optimised medical therapy based on data sourced from the Pharmaceutical Benefits Schedule (PBS)
Results of the pre-modelling study
Table C‑5 summarises the National Heart Foundation of Australia and Cardiac Society of Australia and New Zealand’s recommendations for pharmacologic treatment of symptomatic chronic heart failure. ACE inhibitors and beta-blockers are recommended for all patients with systolic heart failure (LVEF < 40%), unless contraindicated or not tolerated. Diuretics should be used as necessary to provide symptomatic relief. Other recommended agents include aldosterone antagonists, angiotensin II receptor antagonists, digoxin, calcium channel blockers and direct sinus node inhibitors (NHFA/CSANZ 201159).
Two prospective observational studies were identified that sought to characterise the types of drugs that would typically be used to manage patients with heart failure. Both were designed to assess the relative proportions of patients receiving different types of treatment in clinical practice, however neither study stratified medication use by NYHA class (Heywood et al 201040; Atwater 20128). 
Heywood et al (2010)40 compared rates of medication use among patients with and without cardiac device implants in the Registry to Improve the Use of Evidence-Based Heart Failure Therapies in the Outpatient Setting (IMPROVE HF) study. This analysis was based on the medical records of 15,381 patients receiving care at 167 outpatient cardiology practices in the US. Patients with CRT-D, CRT-P and ICD implants were found to receive evidence-based medical therapy at similar or greater frequency than did those without such devices. Patients with CRT-D and ICD implants had similar rates of ACE inhibitor of angiotensin II antagonist, beta-blocker and aldosterone antagonist use. 
Atwater et al (2010)8 assessed rates of guideline adherence and medication use among 178 patients with a primary or secondary diagnosis of chronic heart failure. After accounting for medical contraindications, it was found that 72% of patients adhered to guideline-recommended therapy, and that patients with NYHA class I or II heart failure had higher overall rates of adherence than those with NYHA class III or IV disease.
The relative proportions of patients receiving different types of medication in the studies by Heywood et al (2010)40 and Atwater (2010)8 appear to be consistent with rates of medication use in the RAFT and MADIT-CRT trials, and are broadly comparable with typical treatment plan for the management of chronic heart failure developed for use in MSAC Assessment Report 32 (Table C‑5). It is therefore reasonable to apply the same underlying assumptions about medication use to estimate an indicative cost of optimised medical therapy for use in the economic evaluation. These calculations are shown in Table C‑6. 

[bookmark: _Ref356578225][bookmark: _Ref356196898][bookmark: _Toc358382765][bookmark: _Toc358382865][bookmark: _Toc358383661][bookmark: _Toc358835287][bookmark: _Toc359227848][bookmark: _Toc359248865]Table C‑5	Summary of the National Heart Foundation of Australia and Cardiac Society of Australia and New Zealand’s recommendations for pharmacologic treatment of symptomatic chronic heart failure and assumptions relating to optimised medical therapy
	Australian clinical practice guidelines for management of symptomatic chronic heart failure 
(Grade of recommendation)
	Proportion of patients receiving therapy (%)
	Estimated proportion of patients receiving therapy in base case economic evaluation (%)
	Assumptions applied in the base case economic evaluation

	
	Pivotal trialsa
	IMPROVE HF 
	Atwater 20128
	MSAC 
Assessment Report 3254
	
	

	
	RAFT
	MADIT-CRT
	CRT-D
	ICD
	
	
	
	

	ACE inhibitors 
	
	
	
	
	
	
	
	

	· Unless not tolerated or contraindicated, ACE inhibitors are recommended for all patients with systolic heart failure (LVEF < 40%), whether symptoms are mild, moderate or severe (A)
	NR

96% of all participants
were on an ACE inhibitor or angiotensin II receptor antagonist

	77%
	NR

79.3% of all participants
were on an ACE inhibitor or angiotensin II receptor antagonist
	NR

81.6% of all participants
were on an ACE inhibitor or angiotensin II receptor antagonist
	NR

95% of all participants
were on an ACE inhibitor or angiotensin II receptor antagonist
	90%


	90%
	The indicative cost of OMT is based on the cost of ramipril at an average daily dose of 5 mg (consistent with MSAC Assessment Report 3254).

	· Every effort should be made to increase doses of ACE inhibitors to those shown to be of benefit in major trials. If this is not possible, a lower dose of is preferable to none at all (B)
	
	
	
	
	
	
	
	

	Diuretics 
	
	
	
	
	
	
	
	


	· Diuretics should be used, if necessary, to achieve euvolaemia in fluid-overloaded patients. In patients with systolic LV dysfunction, diuretics should never be used as monotherapy, but should always be combined with an ACE inhibitor to maintain euvolaemia (D)
	84%
	75%
	NR
	NR
	NR
	100%

	100%
	It is assumed that all patients in the proposed MBS population will receive a diuretic for symptomatic relief of fluid overload. The indicative cost of OMT is based on the cost of frusemide at an average daily dose of 80 mg (consistent with MSAC Assessment Report 3254). 
Because 10-15% of patients may take frusemide intermittently, the average daily dose has been adjusted to 70% (56mg) for 15% of patients (consistent with MSAC Assessment Report 3254).

	Beta-blockers 
· Unless not tolerated or contraindicated, beta-blockers are recommended, for all patients with systolic heart failure who remain mildly to moderately symptomatic despite appropriate doses of an ACE inhibitor(A)
· Beta-blockers are also indicated for patients with symptoms of advanced heart failure (B)
	
90%

	
93%
	
88.9%
	
88.5%
	
98%
	
90%
	
90%
	
The indicative cost of OMT is based on the cost of carvedilol at a n average daily dose of 25 mg (consistent with MSAC Assessment Report 3254).

	Aldosterone antagonists
· Aldosterone receptor blockade with spironolactone is recommended for patients who remain severely symptomatic, despite appropriate doses of ACE inhibitors and diuretics (B)
· Aldosterone blockade with eplerenone should be considered in systolic heart failure patients who still have mild (NYHA Class II) symptoms despite receiving standard therapies (ACE inhibitor, beta‑blocker) (B)
	
14%
	
7%
	
39.7%
	
37.9%
	
51%
	
30%
	
30%
	
It is assumed that 30% of patients in the proposed MBS population will receive treatment with an aldosterone antagonist for consistency with MSAC Assessment Report 3254. The indicative cost of OMT is based on the cost of spironolactone at an average daily dose of 25 mg (consistent with MSAC Assessment Report 3254. The cost of eplerenone has not been used as eplerenone is currently not TGA approved or PBS listed for this indication.

	Angiotensin II receptor antagonists 
· Angiotensin II receptor antagonists may be used as an alternative in patients who do not tolerate ACE inhibitors due to kinin-mediated adverse effects (e.g. cough). They should also be considered for reducing morbidity and mortality in patients with systolic CHF who remain symptomatic despite receiving ACE inhibitors (A)
	
NR

96% of all participants
were on an ACE inhibitor or angiotensin II receptor antagonist
	
20%
	
NR

79.3% of all participants
were on an ACE inhibitor or angiotensin II receptor antagonist
	
NR

81.6% of all participants
were on an ACE inhibitor or angiotensin II receptor antagonist
	
NR

95% of all participants
were on an ACE inhibitor or angiotensin II receptor antagonist
	
10%

	
10%
	
The indicative cost of OMT is based on the cost of irbesartan at an average daily dose of 150 mg (consistent with MSAC Assessment Report 3254).

	Direct sinus node inhibitors
· Direct sinus node inhibition with ivabradine should be considered for heart failure patients with impaired systolic function and a recent heart failure hospitalisation who are in sinus rhythm where their heart rate remains > 70 bpm despite efforts to maximise dosage of background beta-blockade (B)
	
NR
	
NR
	
NR
	
NR
	
NR
	
0%
	
0%
	
It is assumed that no patients in the proposed MBS population will receive treatment with ivadrabine in clinical practice as this has not yet been TGA approved or PBS listed.

	Digoxin
· Digoxin may be considered for symptom relief and to reduce hospitalisation in patients with advanced chronic heart failure. It remains a valuable therapy in heart failure patients with atrial fibrillation (B)
	
34%
	
25%
	
NR
	
NR
	
NR
	
20%

	
20%
	
The indicative cost of OMT is based on the cost of digoxin at an average daily dose of 125 mg (consistent with MSAC Assessment Report 3254).


	Calcium channel blockers
· Calcium channel blockers (amlodipine and felodipine) can be used to treat comorbidities such as hypertension and coronary heart disease in patients with systolic heart failure. They have been shown to neither increase nor decrease mortality (B)
	
10%
	
NR
	
NR
	
NR
	
NR
	
10%
	
10%
	
The indicative cost of OMT is based on the cost of amlodipine at an average daily dose of 5 mg (consistent with MSAC Assessment Report 3254).

	Other agents
· Hydralazine-isosorbide dinitrate combination should be reserved for patients who are truly intolerant of ACE inhibitors and angiotensin II receptor antagonists, or for whom these agents are contraindicated and no other therapeutic option exists (B)
· Fish oil (n-3 polyunsaturated fatty acids) should be considered as a second-line agent for heart failure patients who remain symptomatic despite standard therapy which should include ACE inhibitors or aldosterone antagonists and beta-blockers if tolerated (B) 
· Iron deficiency should be looked for and treated in heart failure patients to improve symptoms, exercise tolerance and quality of life (B)
	
NR
	
NR
	
NR
	
NR
	
NR
	
NR
	
0%
	



Abbreviations: ACE, angiotensin-converting-enzyme; CRT-D, cardiac resynchronisation therapy device capable of defibrillation; HF, heart failure; ICD, implantable cardioverter defibrillator; LV, left ventricular; LVEF, left ventricular ejection fraction; MBS, Medicare Benefits Scheme; MSAC, Medical Services Advisory Committee; New York Heart Association; NR, not reported; OMT, optimised medical therapy; TGA, Therapeutic Goods Administration
Source: Tang et al (2010)77, Moss et al (2009)58, Haywood et al (2010), Atwater et al (2012); MSAC Assessment Report 32
MSAC Application 1223		CRT-D for mild heart failure (NYHA Class II)
MSAC Application 1223		CRT-D for mild heart failure (NYHA Class II)

a	As presented in Table B‑8
 — Commercial-In-Confidence	10
[bookmark: _Ref356578333][bookmark: _Toc358382766][bookmark: _Toc358382866][bookmark: _Toc358383662][bookmark: _Toc358835288][bookmark: _Toc359227849][bookmark: _Toc359248866][bookmark: _Ref356202078]Table C‑6	Estimated cost of optimised medical therapy
	Drug type
	Assumptions applied in base case evaluationa, b
	PBS data
	Calculated estimatesc

	
	Estimated proportion of patients receiving therapy (%)
	Estimated average daily dose (mg)
	PBS code
	Product, dose and form 
	Max qty
	DPMQ
	Estimated cost per day
	Estimated annual cost

	ACE inhibitors
	90%
	5 mg
	1946K
	Ramipril, 5 mg tablet 
	30

	$12.17
	$148.07

	$133.26

	Loop diureticsd
	85%
	80 mg
	2412Y
	Frusemide, 40 mg tablet

	100
	$8.42
	$61.47

	$52.25

	
	15%
	56 mg
	2412Y
	Frusemide, 40 mg tablet

	100
	$8.42
	$43.03

	$6.45

	Beta-blockers 
	90%
	25 mg
	8258P
	Carvedilol, 25 mg tablet

	60
	$52.10
	$316.94

	$285.25

	Aldosterone antagonists 
	30%
	25 mg
	2339D
	Spironolactone, 25 mg tablet

	100
	$12.29
	$44.86

	$13.46

	Angiotensin II  receptor antagonists 
	10%
	150 mg
	8247C
	Irbesartan, 150 mg tablet

	30
	$16.17
	$196.74

	$19.67

	Digoxin
	20%
	125 µg
	2605D 
	Digoxin, 
62.5 µg tablet
	200
	$10.52
	$38.40

	$7.68

	Calcium channel blockers 
	10%
	5 mg
	2751T
	Amlodipine, 5 mg tablet
	30
	$9.53
	$115.95
	$11.59

	Estimated annual cost of optimised medical therapy
	$529.61


Abbreviations: ACE, Angiotensin-converting enzyme; DPMQ, dispensed price per maximum quantity; PBS, Pharmaceutical Benefits Schedule; MSAC Assessment Report 3254
Source: MSAC Assessment Report 3254, Table 38; Pharmaceutical Benefits Schedule, 1 May 201310
a	All drug types, probabilities, and doses are based on expert opinion as reported MSAC Assessment Report 32. Costs are estimates only as patients may choose to purchase drugs in different formats, which would cause costs to vary slightly. Estimates are based on dosages of tablets being as close as possible to the daily dosage and on minimum listed prices. 
b	As shown in Table C‑5	.
c	See <CRT-D model inputs.xls> for detailed calculations . Estimated annual cost = Estimated cost per day * 365 days * probability.
d	The indicative cost of OMT is based on the cost of frusemide at an average daily dose of 80 mg. MSAC Assessment Report 32 states that 10 to 15% of patients may take frusemide intermittently. The average daily dose of frusemide is adjusted to 70% (56mg) for 15% of patients to account for this.

Relationship to the economic evaluation
The annual cost of optimised medical therapy has been estimated using the methodology described in MSAC Assessment Report 3254. This estimate is based on a series of assumptions that are consistent with current Australian clinical practice guidelines, the pivotal RCTs, and prospective observational studies that sought to characterise the types of drugs that would typically be used to manage patients with heart failure in current clinical practice. The annual cost of optimised medical therapy applied as an input in the economic model is identical in both arms. However, since patients survive longer in the CRT-D arm of the economic model total costs of OMT accrued over the modelling period will be slightly higher for this arm of the economic model. It is likely that this is a conservative approach given that CRT-D may reduce the need for OMT compared to ICD.
A.20 [bookmark: _Toc359248768]Summary of the pre-modelling studies and their application in the economic model
Table C‑7 presents a summary of the findings of the pre-modelling studies and their application in the economic evaluation presented in Section D.  
[bookmark: _Ref358289451][bookmark: _Toc358382767][bookmark: _Toc358382867][bookmark: _Toc358383663][bookmark: _Toc358835289][bookmark: _Toc359227850][bookmark: _Toc359248867]Table C‑7	Summary of the findings of the pre-modelling studies and their application to the economic evaluation
	Description of pre-modelling issue
	Section C cross-reference
	Findings
	Values used in the economic analysis
	Section D cross-reference

	Applicability of the trial based evidence to the proposed MBS indication and the economic analysis
	Section C.1
	The population that most closely matches the MBS indication sought for CRT-D and the economic evaluation presented herein was presented in the a priori identified NYHA II subgroup of the RAFT trial (Tang et al 201077) 
	Where available, data from the NYHA II a priori identified subgroup of patients in the RAFT trial were used to populate the economic model 
	Section D.1-D.6
Step 1a, 1b, 1c, 2 and 3

	Extrapolation of trial based evidence for all-cause mortality
	Section C.2
	A Weibull function accurately represents the survival of patients treated with an ICD in the RAFT trial. After application of the adjusted hazard ratio favouring CRT-D over ICD (0.71; 95% CI, 0.56-0.91, p=0.006) to the baseline hazard (ICD hazard) the survival benefit expected with CRT-D is also accurately represented.
	A Weibull function (Gamma = 1.36 and Lambda 120.07) is used to represent the baseline hazard (ICD arm) of all-cause mortality in the economic model. The CRT-D all-cause mortality estimates are estimated by application of the adjusted HR (0.71) to the baseline hazard. 
	Section D.1-D.6
Step 1b, 1c, 2 and 3

	
	
	
	An alternative model (exponential) is also fitted to the survival data to ascertain the impact this has on the incremental cost-effectiveness of CRT-D compared to ICD
	Section D.6
(Sensitivity analyses)

	Preference-based health-related quality of life (utility estimates)
	Section C.3
	Utility weight estimates sourced directly from the MADIT-CRT RCT trial (Noyes et al 201363) appear consistent with those reported in other studies that have assessed utility weights in patients with mild chronic heart failure. As these utility weights are derived directly from an RCT comparing the treatments of interest they are simply applied directly to each arm of the economic model.
	Baseline utility applied for first 6 months of economic model in both ICD and CRTD arms = 0.847

Utility weight applied to ICD arm from > 6 months = 0.876
 
Utility weight applied to CRT-D arm from > 6 months = 0.883
	Section D.1-D.6
Step 1c, 2 and 3

	
	
	
	A supplementary analysis in which all preference-based health-related quality of life weighting of survival is removed (ie. a cost per life-year-saved analysis) is also conducted.
	Supplementary analysis 1 Section D.5

	Cost of optimised medical therapy
	Section C.4
	The annual cost of optimised medical therapy has been estimated using the methodology described in MSAC Assessment Report 3254.
	Annual cost of OMT applied to both arms of the economic model = $529.61
	Section D.1-D.6
Step 1a, 1b, 1c, 2 and 3


Abbreviations: ACE, Angiotensin-converting enzyme; CRT-D, cardiac resynchronisation therapy device capable of defibrillation; HR, hazard ratio; ICD, implantable cardioverter defibrillator; MBS, Medicare Benefits Scheme; MSAC, Medical Services Advisory Committee; OMT, optimised medical therapy; RCT, randomised controlled trial


B [bookmark: _Toc358323967][bookmark: _Ref358385258][bookmark: _Ref358386280][bookmark: _Ref358386358][bookmark: _Ref358386373][bookmark: _Ref358818586][bookmark: _Toc359248769]Economic evaluation for the main indication
B.1 [bookmark: _Toc358323968][bookmark: _Ref358386442][bookmark: _Ref358386504][bookmark: _Ref359232887][bookmark: _Toc359248770]Overview of the economic evaluation
The current application proposes that the current MBS listings used for insertion, removal or replacement of a CRT-D in patients with NYHA class III or IV heart failure should be modified to also include patients with NYHA class II heart failure who have sinus rhythm, a LVEF of less than or equal to 30%, and a QRS duration of 150 ms or more, despite optimised medical therapy (OMT). The main comparator for the proposed medical service is the insertion, removal or replacement of an ICD. 
The clinical evaluation presented in Section B demonstrates that CRT-D implantation significantly reduces the risk of all-cause mortality, cardiovascular mortality, and hospitalisation for heart failure, compared to ICD implantation, in the proposed patient population. Based on the fact that CRT-D has been shown to be clearly superior to ICD in direct head-to-head randomised controlled trials in terms of efficacy, the economic evaluation has been conducted as a cost-utility analysis that assesses the incremental cost-effectiveness of CRT-D compared to ICD.
B.1.1 [bookmark: _Toc358323969][bookmark: _Toc359248771]Generation of the base case economic evaluation
The economic evaluation has been developed in three discrete steps, each of which is outlined below. Each step presents an incremental cost-effectiveness ratio (ICER) of CRT-D relative to ICD.
Step 1a
This step is a trial-based economic evaluation that estimates the incremental cost per death avoided for CRT-D compared with ICD over a 60-month period. This step uses the unadjusted 60 month survival data reported in NYHA II patients for each arm of the economic model. This step includes direct initial intervention costs (i.e. costs associated with CRT-D implantation, ICD implantation and optimised medical therapy), follow-up monitoring costs, costs associated with hospitalisation for heart failure, and costs associated with device-related hospitalisations. Discounting is not applied in this analysis. 
Step 1b
This step is identical to Step 1a except that the proportion of patients dying over the 60-month period is determined using a Weibull function to determine the baseline hazard of death in the ICD arm (see Section C.2). The probability of death in this analysis is estimated in the CRT-D arm using the baseline hazard for the ICD modified by the adjusted all-cause mortality hazard ratio reported for the a priori identified NYHA II subgroup (HR, 0.71; 95% CI, 0.56 to 0.91; P=0.006). Discounting is not applied in this analysis. 
Step 1c
This step is identical to Step 1b except that the outcome measures generated by the model in this step are converted into quality-adjusted life-years (QALYs). In this way the model generates an incremental cost per additional QALY gained for CRT-D treatment when compared to ICD treatment over a 60 month time horizon. Discounting of both costs and effects are applied in this analysis.
Step 2
This step is identical to Step 1c except that the time horizon of the economic analysis is extended to 20 years to provide a more complete description of the mean benefits CRT-D treatment offers over ICD treatment. This analysis also captures the cost of generator replacement due to battery depletion. Discounting of both costs and effects are applied in this analysis.
Step 3 base case
This step is identical to Step 2 except that the time horizon of the economic analysis is set to a life time analysis (a maximum cohort age of 100 years) to provide a more complete description of the mean benefits CRT-D treatment offers over ICD treatment over the cohort’s lifetime. Step 3 is the base-case economic evaluation. It builds on Step 2 by extrapolating health outcomes and health care resource use over the lifetime of the model cohort. This step captures the long-term costs and consequences associated with CRT-D implantation, compared to ICD implantation. Discounting of both costs and effects are applied in this analysis.
B.1.2 [bookmark: _Toc358323970][bookmark: _Toc359248772]Type of economic evaluation
The base case economic evaluation is presented in the form of a cost-utility analysis, as appropriate in cases where there is a clear efficacy benefit associated with treatment that leads to improvements in patient morbidity and expected survival. The results of the primary analysis are expressed as the incremental cost per additional QALY gained when comparing CRT-D implantation (the proposed medical service) to ICD implantation (the main comparator).
B.2 [bookmark: _Toc358323971][bookmark: _Toc359248773]Population and circumstances of use
B.2.1 [bookmark: _Toc358323972][bookmark: _Toc359248774]Population
The population of interest for the economic evaluation is patients with NYHA class II heart failure that have sinus rhythm, a LVEF of less than or equal to 30%, and a QRS duration of 150 ms or more, despite optimised medical therapy. Based on the age and gender distribution of participants enrolled in the RAFT trial (Tang et al 201077) the economic model follows a cohort of patients that is 82.9% male and aged 66 years at model entry. These values are consistent with the demographic characteristics of patients who currently receive ICD implantation in Australia (Bradshaw et al 201318, discussed in Section C.1).
[bookmark: _Ref345919981][bookmark: _Ref341693695][bookmark: _Toc345919483][bookmark: _Toc346893940][bookmark: _Toc347480416][bookmark: _Toc347750090][bookmark: _Toc348084292][bookmark: _Toc358323990][bookmark: _Toc358382768][bookmark: _Toc358382868][bookmark: _Toc358383664][bookmark: _Toc358835290][bookmark: _Toc359227851][bookmark: _Toc359248868][bookmark: _Toc328041846]Table D‑1	Baseline cohort characteristics 
	Parameter description
	Parameter estimate
	Source

	
	CRT-D
	ICD
	

	Cohort age at model entry 
	66 years
	66 years
	RAFT baseline demographics 

	Male gender %
	82.9%
	82.9%
	


Abbreviations: CRT-D, cardiac resynchronisation therapy device capable of defibrillation; ICD, implantable cardioverter-defibrillator
Source: Tang et al (2010)77; Moss et al (2009)58; Bradshaw et al (2013)18
B.2.2 [bookmark: _Toc237337002][bookmark: _Toc237766701][bookmark: _Toc356339820][bookmark: _Toc358323973][bookmark: _Toc359248775] Circumstances of use 
[bookmark: _Ref355210717][bookmark: _Ref355211971][bookmark: _Ref355215245][bookmark: _Toc356339821]CRT-D implantation is proposed as a substitute for ICD implantation in the proposed MBS population. The specific medical services that would be performed under the proposed changes to the MBS are the same as those that are currently performed for the insertion, removal or replacement of a CRT-D in patients with NYHA class III or IV heart failure (MBS item numbers 38371, 38368, 38354, and 38350). All aspects of service delivery, including the clinical setting, medical professionals, equipment, facilities, and location will remain the same. The circumstances of use of the CRT-D technology presented in the pivotal trial matches the proposed MBS indication sought for CRT-D extremely well (see Table D‑2). Furthermore, Australian clinical practice guidelines also support the use of CRT-D technology in this setting.
[bookmark: _Ref355217074][bookmark: _Toc358323991][bookmark: _Toc358382769][bookmark: _Toc358382869][bookmark: _Toc358383665][bookmark: _Toc358835291][bookmark: _Toc359227852][bookmark: _Toc359248869]Table D‑2	Comparison of patients considered for CRT-D in the pivotal trials, proposed MBS population, and Australian clinical practice guidelines 
	Trial populations
	Proposed MBS population
	Population recommended for CRT‑D in Australian clinical practice guidelines

	RAFT included patients with NYHA class II or III heart failure despite OMT, with:
· Sinus rhythm or permanent AF or flutter with a controlled ventricular rate
· LVEF ≤ 30%
· QRS duration of ≥ 120 ms or paced QRS duration of ≥ 200 ms
The RAFT trial included an a priori defined analysis by NYHA class. This provides data specific to NYHA II patients described in the proposed MBS indication. As discussed in Section C.1 these are the primary source of data for the economic analysis presented herein.

	Patients with NYHA class II heart failure despite OMT, with:
· Sinus rhythm 
· LVEF ≤ 30%
· QRS duration of ≥ 150 ms
	Patients with NYHA class II heart failure despite OMT, with:
· LVEF ≤ 30%
· QRS duration of ≥ 150 ms

	MADIT-CRT included patients with NYHA I/II heart failure despite OMT, with:
· Sinus rhythm 
· LVEF ≤ 30%
· QRS duration of ≥ 120 ms 
	
	


Abbreviations: AF, atrial fibrillation; LVEF, left ventricular ejection fraction; MBS, Medicare Benefits Schedule; NYHA, New York Heart Association; OMT, optimised medical therapy
Source: Tang et al (2010)77; Moss et al (2009)58; NHFA/CSANZ 201159
B.3 [bookmark: _Ref357425263][bookmark: _Toc358323974][bookmark: _Toc359248776]Structure and rationale of the economic evaluation
B.3.1 [bookmark: _Toc356339822][bookmark: _Toc358323975][bookmark: _Toc359248777]Literature review
A comprehensive literature search was conducted to identify published economic evaluations that assessed the cost-effectiveness of CRT-D versus ICD for the treatment of patients with NYHA class II heart failure. The aim of this review was to identify economic models that could inform the economic evaluation of CRT-D in the proposed MBS population. The search strategies employed to identify relevant citations are shown in Table D‑3. 
[bookmark: _Ref357675825][bookmark: _Toc358323992][bookmark: _Toc358382770][bookmark: _Toc358382870][bookmark: _Toc358383666][bookmark: _Toc358835292][bookmark: _Toc359227853][bookmark: _Toc359248870]Table D‑3	Literature search strategies used to identify cost-effectiveness analyses of CRT-D in patients with mild chronic heart failure
	Database
	Search terms
	Citations retrieved
	Final number of citations, excluding duplicates

	EMBASE.com 
(includes Medline and EMBASE 1966 to present)
(searched 9 April 2013)
	#1
	'cost effectiveness analysis'/exp OR 'cost effectiveness analysis' OR 'economic evaluation'/exp OR 'economic evaluation' OR 'health economics'/exp OR 'health economics' OR 'cost minimization analysis'/exp OR 'cost minimization analysis' OR 'cost minimisation analysis' OR 'cost utility analysis'/exp OR 'cost utility analysis' OR 'quality adjusted life year'/exp OR 'quality adjusted life year' OR 'qaly'/exp OR 'qaly' OR 'life year saved'
	585,988
	194

	
	#2
	'biventricular pacing':ab,ti OR (cardiac:ab,ti OR ventricular:ab,ti AND (resynchronisation:ab,ti OR resynchronization:ab,ti OR synchronisation:ab,ti OR synchronization:ab,ti)) OR crt:ab,ti
	16,824
	

	
	#3
	defibrillat*:ab,ti OR icd:ab,ti
	45,329
	

	
	#4
	crtd:ab,ti OR ‘crt d’:ab,ti
	1086
	

	
	#5
	#2 AND #3
	2360
	

	
	#6
	#4 OR #5
	2714
	

	
	#7
	#1 AND #6
	195
	

	Cochrane Library
· Health technology assessment database
· NHS economic evaluation database
(searched 9 April 2013)
	#1
	MeSH descriptor: [Cardiac Resynchronization Therapy] explode all trees
	68
	15

	
	#2
	"biventricular pacing" OR ((cardiac or ventricular) and (resynchronisation OR resynchronization or synchronisation OR synchronization))
	439
	

	
	#3
	#1 OR #2
	439
	

	
	#4
	MeSH descriptor: [Defibrillators] explode all trees
	813
	

	
	#5
	defibrillat*
	1428
	

	
	#6
	#4 OR #5
	1428
	

	
	#7
	#3 AND #6
	21
	

	Total number of identified citations
	209

	Excluded citations:
	

	· Wrong study type: the article did not report the structure or results of an economic evaluation
	193

	· Wrong indication: the article did not consider patients with mild chronic heart failure
· Wrong intervention: the article did not compare CRT-D with ICD 
	1
1

	· Conference abstract
	11

	Number of included publications
	3



Three published economic evaluations were identified that assessed the cost-effectiveness of CRT-D versus ICD for the treatment of patients with mild (NYHA class I or II) heart failure. The characteristics and results of these studies are summarised in Table D‑4.
Only one publication was identified that specifically evaluated the cost-effectiveness of CRT-D implantation versus ICD implantation in patients with mild chronic heart failure (Noyes et al 201363). This was based on clinical and health care resource use data collected within the MADIT-CRT trial over a short time horizon of four years. This time horizon does not capture full period in which the costs and effects of CRT-D treatment will be realised. However, the evaluation described by Noyes et al accounted for differences in heart failure event and mortality rates, and health care utilisation events including hospitalisations, emergency room visits, physician visits, outpatient surgeries, and diagnostic tests and procedures. The average four-year healthcare expenditures of patients in the CRT-D arm of the MADIT-CRT trial was higher than that of patients in the ICD arm due to differences in device and implant-related costs. It was concluded that CRT-D implantation is cost-effective, compared with ICD implantation, in patients with NYHA class I or II heart failure with a low LVEF and LBBB (Noyes et al 201363). In the full MADIT-CRT population (NYHA I & II patients) over the short-term it was estimated that the ICER for CRT-D compared with ICD was around $58,300 per QALY. While this is economically attractive, this ICER would be likely to reduce further if the analysis was conducted over a time period that captured the full costs and benefits associated with CRT-D and ICD implantation.  
[bookmark: _Ref355224073][bookmark: _Ref357679925][bookmark: _Ref198017453][bookmark: _Toc201742274][bookmark: _Toc202001591][bookmark: _Toc358323993][bookmark: _Toc358382771][bookmark: _Toc358382871][bookmark: _Toc358383667][bookmark: _Toc358835293][bookmark: _Toc359227854][bookmark: _Toc359248871]Table D‑4	Summary of published economic evaluations of CRT-D versus ICD in patients with NYHA class II heart failure
	Study ID
	Country 
	Population
	Intervention and comparator
	Type of analysis
	Key data sources
	Time horizon
Discount rate

	Noyes (2013)63
	US
	Patients with NYHA class I or II heart failure (MADIT-CRT)
	CRT-D vs ICD 
	CUA
Trial-based evaluation 
Third-party payer perspective
	Clinical data and utilities based on MADIT-CRT 
	4 years
3%

	Bertoldi (2013)15
	Brazil
	Patients with heart failure due to LVSD, in NYHA class II, III or IV, and with prolonged QRS duration on electrocardiogram
	CRT-D vs ICD, CRT-P or OMT
	CUA 
Markov model
Public healthcare system perspective
	Clinical data sourced from a cohort study conducted at a heart failure outpatient clinic in Brazil and systematic literature review (details not published)
	20 years
5%

	Linde (2011)51
	UK
	Patients with NYHA class I or II heart failure, with a CRT-D or CRT-P implant (REVERSE)
	CRT-ON	 
vs CRT-OFF for patients 
	CUA
Monte Carlo simulation 
Third-party payer perspective
	Clinical data based on REVERSE European cohort 
	Lifetime
3.5%


Source: Bertoldi et al (2013)15; Linde et al (2011)51; Noyes et al (2013)63
Abbreviations: CRT-D, cardiac resynchronisation therapy device capable of defibrillation; CRT-P, cardiac resynchronisation therapy device; CUA, cost-utility analysis; ICD, implantable cardioverter defibrillator; LVSD, left ventricular ejection fraction; NYHA, New York Heart Association; OMT, optimised medical therapy
B.3.2 [bookmark: _Toc356339823][bookmark: _Toc358323976][bookmark: _Toc359248778]Software package and electronic copy of the economic evaluation
The economic evaluations were conducted using TreeAge Pro 2009. Microsoft Excel was used for other calculations and analyses as required, and these are included in <CRT-D supportive calculations.xlsx>. A total of five TreeAge files and one Excel Workbook are included with Section D of this submission.
B.3.3 [bookmark: _Toc356339824][bookmark: _Toc358323977][bookmark: _Toc359248779]Justification of the structure of the economic model
A Markov cohort model was developed to estimate the expected costs and QALYs associated with CRT-D implantation, compared to ICD implantation, in patients with NYHA class II heart failure, who have sinus rhythm, a LVEF of less than or equal to 30%, and a QRS duration of 150 ms or more, despite optimised medical therapy. A simplified schematic of the model structure is presented in Figure C‑1. 
The economic model structure is based heavily on the survival benefits and reductions in heart failure hospitalisation reported for CRT-D in the direct head-to-head comparison of CRT-D and ICDs presented in the pivotal RCT in the patient population of interest (ie. the RAFT trial; Tang et al 201077). 
The health states presented in the economic model capture the pivotal drivers of cost-effectiveness, including the cost of the index procedure (ie. the initial implantation of the CRT-D or ICD device), the success rate of implantation of the CRT-D device and the cost of an ICD if a CRT-D cannot be placed. Further, the cost implications of patients being hospitalised for heart failure or device-related complications (such as lead dislodgement) and the cost of ICD or CRT-D generator replacement for battery depletion are also explicitly captured in the economic model structure. 
[bookmark: _Toc358324013][bookmark: _Toc359227918][bookmark: _Toc359248241]Figure D‑1	Simplified schematic of the economic model 
[image: ]
Abbreviations CRT-D, cardiac resynchronisation therapy device capable of defibrillation; ICD, implantable cardioverter defibrillator; LVEF, left ventricular ejection fraction; NYHA, New York Heart Association
The economic model has 11 health states, each of which is described for the CRT-D arm in Table D‑5. Ten of these health states are active in the CRT-D arm of the economic model.
[bookmark: _Ref358296761][bookmark: _Toc358323994][bookmark: _Toc358382772][bookmark: _Toc358382872][bookmark: _Toc358383668][bookmark: _Toc358835294][bookmark: _Toc359227855][bookmark: _Toc359248872]Table D‑5	CRT-D arm economic model health states and possible transitions
	Health state
	Description 
	Possible transitions to other health states

	CRT-D implantation
	The entire CRT-D cohort enters this health state in the first stage of the economic model. Patients accrue the cost of the initial implantation procedure and in the vast majority of cases have a CRT-D successfully implanted. Patients in whom a CRT-D cannot be implanted receive an ICD. The cost of the placement of these devices is accrued in this health state. 

The costs of short term CRT-D related complications are captured here. 

The cohort also accrues baseline utility and the costs of OMT in this health state.
	CRT-D treatment

ICD treatment

All-cause mortality



	CRT-D treatment
	The proportion of the cohort that have a successfully implanted CRT-D transition to this health state. The cohort circulates in this health state until such time as the patient needs to be hospitalized for heart failure, the implanted system suffers a longer term complication which requires that the patient is hospitalized, the battery of the device is depleted and requires a new generator to be placed, or the patient dies from all-cause mortality.

While patients reside in this health state in the first six months of the modeling period they accrue baseline QALY benefits (See Section C.3). After this period the cohort accrues QALY benefits seen in the follow period of the MADIT-CRT trial in patients treated with CRT-D (See Section C.3).

All patients accrue the cost of background OMT and device monitoring costs while residing in this health state. 
	CRT-D treatment

CRTD Battery fail

CRTD Heart Failure hospitalisation

CRTD Device related hospitalisation

All-cause mortality

	CRTD Heart failure hospitalization
	The proportion of the cohort that are hospitalized for heart failure transition to this health state. 

While patients transition through this health state in the first six months of the modeling period they accrue baseline QALY benefits (See Section C.3). After this period the cohort accrues QALY benefits seen in the follow period of the MADIT-CRT trial in patients treated with CRT-D (See Section C.3). As the utility weights applied in the economic model are determined directly from a head-to-head RCT comparison of the two interventions of interest these values are simply applied to each entire arm of the economic model over time, thereby making the apportionment of utility weights by health state unnecessary. 

The cost of heart failure hospitalisation is accrued in this health state.

All patients accrue the cost of background OMT and device monitoring costs while residing in this health state.
	CRT-D treatment

CRTD Battery fail

CRTD Heart Failure hospitalisation

CRTD Device related hospitalisation

All-cause mortality

	CRTD device related hospitalization
	The proportion of the cohort that is hospitalized for device related reasons (such as lead dislodgment or replacement) but excluding battery depletion transition to this health state.

While patients transition through this health state in the first six months of the modeling period they accrue baseline QALY benefits (See Section C.3). After this period the cohort accrues QALY benefits seen in the follow period of the MADIT-CRT trial in patients treated with CRT-D (See Section C.3). As the utility weights applied in the economic model are determined directly from a head-to-head RCT comparison of the two interventions of interest these values are simply applied to each entire arm of the economic model over time, thereby making the apportionment of utility weights by health state unnecessary.

The cost of a CRT-D device related hospitalisation is accrued in this health state.

All patients accrue the cost of background OMT and device monitoring costs while residing in this health state.
	CRT-D treatment

CRTD Battery fail

CRTD Heart Failure hospitalisation

CRTD Device related hospitalisation

All-cause mortality

	CRTD battery fail
	The proportion of the cohort in which the battery of the CRTD device implanted is depleted and requires replacement transitions to this health state.

While patients transition through this health state in the first six months of the modeling period they accrue baseline QALY benefits (See Section C.3). After this period the cohort accrues QALY benefits seen in the follow period of the MADIT-CRT trial in patients treated with CRT-D (See Section C.3). As the utility weights applied in the economic model are determined directly from a head-to-head RCT comparison of the two interventions of interest these values are simply applied to each entire arm of the economic model over time, thereby making the apportionment of utility weights by health state unnecessary. 

The cost of placing a new CRT-D generator device is accrued in this health state.

All patients accrue the cost of background OMT and device monitoring costs while residing in this health state.
	CRT-D treatment

CRTD Battery fail

CRTD Heart Failure hospitalisation

CRTD Device related hospitalisation

All-cause mortality

	ICD implantation
	Inactive
	NA


	ICD treatment
	The proportion of the cohort that have a successfully implanted ICD transition here. The cohort circulates in this health state until such time as the patient needs to be hospitalized for heart failure, the implanted system suffers a longer term complication which requires that the patient is hospitalized, the battery of the device is depleted and requires a new generator to be placed, or the patient dies from all-cause mortality.

While patients reside in this health state in the first six months of the modeling period they accrue baseline QALY benefits (See Section C.3). After this period the cohort accrues QALY benefits seen in the follow period of the MADIT-CRT trial in patients treated with CRT-D (See Section C.3). It is appropriate to use the CRT-D utility weights in this health state as any cross-over of CRT-D to ICD therapy and its impact on utility is already captured in the utility weights derived in the CRT-D arm of the MADIT-CRT RCT. 

The probability of heart failure and all-cause mortality applied in this health state is that derived in the CRT-D arm of the RCT as any cross-over of CRT-D to ICD therapy and its impact on these probabilities is already captured in the RAFT trial aggregate estimates.

The probability of battery depletion is specific to the ICD device in this health state.

All patients accrue the cost of background OMT and device monitoring costs while residing in this health state.
	ICD treatment

ICD Battery fail

ICD Heart Failure hospitalisation

ICD Device related hospitalisation

All-cause mortality

	ICD Heart failure hospitalization
	The proportion of the cohort that are hospitalized for heart failure transition to this health state. 

While patients transition through this health state in the first six months of the modeling period they accrue baseline QALY benefits (See Section C.3). After this period the cohort accrues QALY benefits seen in the follow period of the MADIT-CRT trial in patients treated with CRT-D (See Section C.3). As the utility weights applied in the economic model are determined directly from a head-to-head RCT comparison of the two interventions of interest these values are simply applied to each entire arm of the economic model over time, thereby making the apportionment of utility weights by health state unnecessary. Further, it is appropriate to use the CRT-D utility weights in this health state as any cross-over of CRT-D to ICD therapy and its impact on utility is already captured in the utility weights derived in the MADIT-CRT RCT. 

The probability of heart failure and all-cause mortality applied in this health state is that derived in the CRT-D arm of the RCT as any cross-over of CRT-D to ICD therapy and its impact on these probabilities is already captured in the RAFT trial aggregate estimates.

The probability of battery depletion is specific to the ICD device in this health state.

The cost of heart failure hospitalisation is accrued in this health state.

All patients accrue the cost of background OMT and device monitoring costs while residing in this health state.
	ICD treatment

ICD Battery fail

ICD Heart Failure hospitalisation

ICD Device related hospitalisation

All-cause mortality

	ICD device related hospitalization
	The proportion of the cohort that is hospitalized for device related reasons (such as lead dislodgment or replacement) but excluding battery depletion transition to this health state.

While patients transition through this health state in the first six months of the modeling period they accrue baseline QALY benefits (See Section C.3). After this period the cohort accrues QALY benefits seen in the follow period of the MADIT-CRT trial in patients treated with CRT-D (See Section C.3). As the utility weights applied in the economic model are determined directly from a head-to-head RCT comparison of the two interventions of interest these values are simply applied to each entire arm of the economic model over time, thereby making the apportionment of utility weights by health state unnecessary. Further, it is appropriate to use the CRT-D utility weights in this health state as any cross-over of CRT-D to ICD therapy and its impact on utility is already captured in the utility weights derived in the MADIT-CRT RCT.

The cost of ICD device related hospitalisation is accrued in this health state.

All patients accrue the cost of background OMT and device monitoring costs while residing in this health state.
	ICD treatment

ICD Battery fail

ICD Heart Failure hospitalisation

ICD Device related hospitalisation

All-cause mortality

	ICD battery fail
	The proportion of the cohort in which the battery of the ICD device implanted is depleted and requires replacement transitions to this health state.

While patients transition through this health state in the first six months of the modeling period they accrue baseline QALY benefits (See Section C.3). After this period the cohort accrues QALY benefits seen in the follow period of the MADIT-CRT trial in patients treated with CRT-D (See Section C.3). As the utility weights applied in the economic model are determined directly from a head-to-head RCT comparison of the two interventions of interest these values are simply applied to each entire arm of the economic model over time, thereby making the apportionment of utility weights by health state unnecessary. Further, it is appropriate to use the CRT-D utility weights in this health state as any cross-over of CRT-D to ICD therapy and its impact on utility is already captured in the utility weights derived in the MADIT-CRT RCT.

The cost of placing a new generator device related is accrued in this health state.

All patients accrue the cost of background OMT and device monitoring costs while residing in this health state.
	ICD treatment

ICD Battery fail

ICD Heart Failure hospitalisation

ICD Device related hospitalisation

All-cause mortality

	All-cause mortality 
	The proportion of the cohort that die from all-cause mortality transition to this health state. 

No costs or benefits are accrued in this health state.
	None
(this is an absorbing health state)


Abbreviations: CRT-D, cardiac resynchronisation therapy device capable of defibrillation; ICD, implantable cardioverter defibrillator; NA, not applicable; OMT, optimised medical therapy; QALY, Quality adjusted life year; RCT, Randomized controlled trial

The ICD arm of the economic model is a clone of the CRT-D arm with 11 health states, however, in this arm of the economic model only six health states are activated. Table D‑6 describes the characteristics of each of these health states in detail.
[bookmark: _Ref358297061][bookmark: _Toc358323995][bookmark: _Toc358382773][bookmark: _Toc358382873][bookmark: _Toc358383669][bookmark: _Toc358835295][bookmark: _Toc359227856][bookmark: _Toc359248873]Table D‑6	ICD arm economic model health states and possible transitions
	Health state
	Description 
	Possible transitions to other health states

	CRT-D implantation
	Inactive
	NA

	CRT-D treatment
	Inactive
	NA

	CRTD Heart failure hospitalization
	Inactive
	NA

	CRTD device related hospitalization
	Inactive
	NA

	CRTD battery fail
	Inactive
	NA

	ICD implantation
	The entire ICD cohort enters this health state in the first stage of the economic model. Patients accrue the cost of the initial implantation procedure. All patients have an ICD successfully implanted. 

The costs of short term complications related to ICD placement are captured here. 

All patients accrue the cost of background OMT and device monitoring costs while residing in this health state.

It is assumed that all patients will have an ICD successfully implanted.
	ICD treatment

All-cause mortality



	ICD treatment
	The proportion of the cohort that have a successfully implanted ICD transition here. The cohort circulates in this health state until such time as the patient needs to be hospitalized for heart failure, the implanted system suffers a longer term complication which requires that the patient is hospitalized, the battery of the device is depleted and requires a new generator to be placed, or the patient dies from all-cause mortality.

While patients reside in this health state in the first six months of the modeling period they accrue baseline QALY benefits (See Section C.3). After this period the cohort accrues QALY benefits seen in the follow period of the MADIT-CRT trial in patients treated with ICD (See Section C.3). 

The probability of heart failure and all-cause mortality applied in this health state is that derived in the ICD arm of the RCT.

The probability of battery depletion is specific to the ICD device in this health state.

All patients accrue the cost of background OMT while residing in this health state. 
	ICD treatment

ICD Battery fail

ICD Heart Failure hospitalisation

ICD Device related hospitalisation

All-cause mortality

	ICD Heart failure hospitalization
	The proportion of the cohort that are hospitalized for heart failure transition to this health state. 

While patients transition through this health state in the first six months of the modeling period they accrue baseline QALY benefits (See Section C.3). After this period the cohort accrues QALY benefits seen in the follow period of the MADIT-CRT trial in patients treated with ICD (See Section C.3). As the utility weights applied in the economic model are determined directly from a head-to-head RCT comparison of the two interventions of interest these values are simply applied to each entire arm of the economic model over time, thereby making the apportionment of utility weights by health state unnecessary. 

The probability of heart failure and all-cause mortality applied in this health state is that derived in the ICD arm of the RCT.

The probability of Battery depletion is specific to the ICD device in this health state.

The cost of heart failure hospitalisation is accrued in this health state.

All patients accrue the cost of background OMT and device monitoring costs while residing in this health state.
	ICD treatment

ICD Battery fail

ICD Heart Failure hospitalisation

ICD Device related hospitalisation

All-cause mortality

	ICD device related hospitalization
	The proportion of the cohort that is hospitalized for device related reasons (such as lead dislodgment or replacement) but excluding battery depletion transition to this health state.

While patients transition through this health state in the first six months of the modeling period they accrue baseline QALY benefits (See Section C.3). After this period the cohort accrues QALY benefits seen in the follow period of the MADIT-CRT trial in patients treated with ICD (See Section C.3). As the utility weights applied in the economic model are determined directly from a head-to-head RCT comparison of the two interventions of interest these values are simply applied to each entire arm of the economic model over time, thereby making the apportionment of utility weights by health state unnecessary. 

The cost of ICD device related hospitalisation is accrued in this health state.

All patients accrue the cost of background OMT and device monitoring costs while residing in this health state.
	ICD treatment

ICD Battery fail

ICD Heart Failure hospitalisation

ICD Device related hospitalisation

All-cause mortality

	ICD battery fail
	The proportion of the cohort in which the battery of the ICD device implanted is depleted and requires replacement transitions to this health state.

While patients transition through this health state in the first six months of the modeling period they accrue baseline QALY benefits (See Section C.3). After this period the cohort accrues QALY benefits seen in the follow period of the MADIT-CRT trial in patients treated with ICD (See Section C.3). As the utility weights applied in the economic model are determined directly from a head-to-head RCT comparison of the two interventions of interest these values are simply applied to each entire arm of the economic model over time, thereby making the apportionment of utility weights by health state unnecessary. 

The cost of placing a new ICD generator device is accrued in this health state.

All patients accrue the cost of background OMT and device monitoring costs while residing in this health state.
	ICD treatment

ICD Battery fail

ICD Heart Failure hospitalisation

ICD Device related hospitalisation

All-cause mortality

	All-cause mortality 
	The proportion of the cohort that die from all-cause mortality transition to this health state. 

No costs or benefits are accrued in this health state.
	None
(this is an absorbing health state)


Abbreviations: CRT-D, cardiac resynchronisation therapy device capable of defibrillation; ICD, implantable cardioverter defibrillator; NA, not applicable; OMT, optimised medical therapy; QALY, Quality adjusted life year; RCT, Randomized controlled trial

B.3.4 [bookmark: _Toc358323978][bookmark: _Toc359248780]Time horizon and outcomes used in the evaluation
Step 1a
In this step of the economic analysis the outcome measure used is the proportion of the cohort that dies during the 60-months follow up. This step uses the unadjusted 60 month survival data reported in NYHA II patients for each arm of the economic model. This analysis generates an incremental cost per additional death avoided for CRT-D compared with ICD. 
Step 1b
This step is identical to Step 1a except that the proportion of patients dying over the 60-month period is determined using a Weibull function to determine the baseline hazard of death in the ICD arm (see Section C.2). The probability of death in this analysis is estimated in the CRT-D arm using the baseline hazard for the ICD modified by the adjusted all-cause mortality hazard ratio reported for the a priori identified NYHA II subgroup (HR, 0.71; 95% CI, 0.56 to 0.91; P=0.006). This analysis generates an incremental cost per death avoided for CRT-D compared with ICD.
Step 1c
This step is identical to Step 1b except that the outcome measures of the model in this step are converted into quality-adjusted life-years (QALYs). In this way the model generates an incremental cost per additional QALY gained for CRT-D treatment when compared to ICD treatment over 60 months. 
Step 2
This step is identical to Step 2 except that the time horizon of the economic analysis is set to 20 years to provide a more complete description of the mean benefits CRT-D treatment offers over ICD treatment. This analysis also captures the cost of generator replacement due to battery depletion.
Step 3
This step is identical to Step 2 except that the time horizon of the economic analysis is set to a life time analysis (a maximum cohort age of 100 years) to provide a more complete description of the mean benefits CRT-D treatment offers over ICD treatment over the cohort’s lifetime. Step 3 is the base-case economic evaluation. It builds on Step 2 by extrapolating health outcomes and health care resource use over the lifetime of the model cohort. This step appropriately captures the long-term costs and consequences associated with a chronic lifetime treatment such as CRT-D and ICD placement for NYHA II patients.
B.3.5 [bookmark: _Toc358323979][bookmark: _Toc359248781]Methods used to generate results
The economic model used to generate the results is an expected value Markov cohort analysis. The economic model is based heavily on the survival benefits and reductions in heart failure hospitalisation reported in the direct head-to-head comparison of CRT-D and ICDs presented in the pivotal RCT in the patient population of interest (ie. the RAFT trial). 
The economic model employs a cycle length of one month and in the base case analysis has a life-time, time horizon (the model ceases when the cohort reaches age of 100). While the model cycle length is relatively short it provides the flexibility required in the model to capture the initial implantation procedure and any short term complications associated with these index procedures. 
As the utility weights applied in the economic model are determined directly from a head-to-head RCT comparison of the two interventions of interest these values are simply applied to each entire arm of the economic model over time, thereby making the apportionment of utility weights by health state unnecessary.
All-cause mortality estimates are derived directly from the Kaplan Meier curves presented in the pivotal RCT. To extrapolate these values beyond the trial period a Weibull model is used (see Section C.2). The use of the Weibull model allows the hazard of mortality to change over time, allowing time-dependent probabilities to be employed in the economic model, which serves to relax the Markovian assumption. A secondary analysis was also conducted assuming that hazards were constant over time (ie. using an exponential survival function). The results of this analysis are presented in the sensitivity analyses presented in Section D.6.  
Both costs and effects are discounted at 5% per annum, in line with the PBAC and MSAC guidelines for economic analyses. The impact of discounting is explored in sensitivity analysis. Half-cycle correction is employed in the economic evaluation, as appropriate.
The economic analysis takes a health care system perspective. The analysis assumes that the initial implantation of the device, any device related hospitalisations or generator replacements due to battery depletion are performed in the private hospital sector. The analysis captures OMT therapy costs which will largely be borne by the PBS. It is assumed that patients that require hospitalisation due to heart failure are admitted to public or private hospitals. 
B.4 [bookmark: _Toc130784520][bookmark: _Ref154220804][bookmark: _Ref159990308][bookmark: _Toc356339825][bookmark: _Toc358323980][bookmark: _Toc359248782]Variables in the economic evaluation
B.4.1 [bookmark: _Toc358323981][bookmark: _Toc359248783]Summary of input parameters
Table D‑7 summarises the clinical and economic input parameters included in the economic evaluation. These are based on the pre-modelling studies described in Section C, and on other data sourced from the RAFT trial (Tang et al 201077). Key assumptions relating to the determination of health care resource use and cost estimates for each health state within the model are discussed below. The calculations underlying each parameter estimate are presented electronically in the file <CRT-D supportive calculations.xlsx>.
[bookmark: _Ref357158027][bookmark: _Toc358323996][bookmark: _Toc358382774][bookmark: _Toc358382874][bookmark: _Toc358383670][bookmark: _Toc358835296][bookmark: _Toc359227857][bookmark: _Toc359248874]Table D‑7	Summary list of input parameters included in the economic evaluation
	Parameter description
	Parameter estimate
	Source/ Notes

	
	CRT-D
	ICD
	

	Clinical input parameters

	Probability of implantation success
	94.7%
	100%
	Probability of CRT-D implant success estimated based on implant success rates reported for the RAFT trial. Probability of ICD implant success is assumed to be 100%.

	Probability of implantion failure
	5.3%
	NA
	

	Probability of implant-related complications
	13.3%
	6.8%
	RAFT trial (see Section B.6.2.1)

	Probability of no implant-related complications
	86.7%
	93.2%
	RAFT trial (see Section B.6.2.1)

	Probability of device-related hospitalisation
	20.0% 
(FU 40 months)
	12.2%
(FU 40 months)
	RAFT trial (see Section B.6.2.1)

	Baseline probability of hospitalisation for heart failure
	–
	33.3%
(FU 60 months)
	RAFT trial (see Section B.6.2.1)

	Adjusted HR of hospitalisation for heart failure
	0.70
	1.0 
	RAFT trial (see Section B.6.2.1)

	Unadjusted probability of all-cause mortality
	31.0% 
(FU 60 months)
	23.7% 
(FU 60 months)
	RAFT trial (see Section B.6.2.1). Applied in Step 1a of the economic analysis only.

	Baseline risk of all-cause mortality
	–
	Weibull function (Gamma = 1.36; Lambda=120.07)
	See Section C.2

	Adjusted HR of all-cause mortality
	0.71
	1.0
	RAFT trial (see Section B.6.2.1)

	Median time to generator replacement for battery depletion
	5.79 years
	7.12 years
	NICE 201361 

	Mean utility at baseline and for first 6 months of model
	0.847
	0.847
	MADIT-CRT (see Table D‑19)

	Mean utility during follow-up and > 6 months follow-up
	0.883
	0.876
	MADIT-CRT (see Table D‑19)

	Economic input parameters

	Cost of successful implantation 
	$75,060.32
	$63,424.33
	Table D‑12, Table D‑14

	Cost of unsuccessful implantation
	$70,727.44
	NA
	Table D‑12

	Cost of a device-related hospitalisation
	$10,724.65
	$10,687.70
	Table D‑15

	Cost of a hospitalisation for heart failure
	$6,703.30
	$6,703.30
	Table D‑16

	Cost of generator replacement for battery depletion
	$53,063.53	
	$48,730.65
	Table D‑18

	Annual cost of ongoing monitoring
	$284.25	
	$284.25
	MBS 11727, assumed that patients attend a device follow-up visit 3x per year

	Annual cost of OMT
	$529.61	
	$529.61
	Section C.4


Abbreviations: CRT-D, cardiac resynchronisation therapy device capable of defibrillation; FU, Follow up; HR, Hazard Rate; ICD, implantable cardioverter defibrillator; NA, not applicable; NICE, National Institute for Health and Care Excellence; OMT, optimised medical therapy
Source: Tang et al (2010)77; NICE (2013)61
Methods used to determine clinical inputs
As discussed in Section C.1, the clinical characteristics of patients with NYHA class II heart failure included in the RAFT trial closely match the characteristics of the proposed MBS population. Estimates of the probability of implant success or failure, implant-related complications, device‑related hospitalisations, hospitalisation for heart failure and all-cause mortality are based on the findings of this trial (Tang et al 201077). 
The methods used to extrapolate all-cause mortality rates are presented in Section C.2 of this application. Utility weight estimates are discussed in Section C.3. The probability of device related and heart failure hospitalisation are assumed to be constant in both arms of the economic analysis. These probabilities are adjusted appropriately to the cycle length of the economic model. Details of these calculations are presented in the TreeAge economic model files accompanying this submission.
Methods used to determine economic inputs
The health care resource use and cost estimates applied to each health state within the economic evaluation are based on Australian data sourced from the May 2013 Medicare Benefits Schedule9, the May 2013 Pharmaceutical Benefits Schedule10 and the National Hospital Cost Data Collection Cost Weights for Australian Refined Diagnosis Related Groups (AR-DRGs) (Round 13, 2008-2009). The methods used to derive health care resource use and cost estimates have been guided by the DAP for this application and the methods used to determine resource use and cost estimates in MSAC Assessment Report 32. Cost calculations are presented electronically in the file <CRT-D supportive calculations.xlsx>. 
System component unit costs are estimated based on the average benefit associated with generators and leads included on the February 2013 Prostheses List11 (Table D‑8).
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	Parameter description
	Parameter estimate
	Source

	
	CRT-D
	ICD
	

	System component unit costsa:
	
	
	

	· Generator
	$51,141.76
	$46,808.89b
	PL group 8.2 and 8.3 

	· LV lead
	$6,240.00
	NA
	PL group 8.8.11

	· Defibrillation lead
	$9,000.00
	$9,000.00
	PL groups 8.7.5 and 8.7.6

	· Pacemaker lead
	$1,262.80
	$1,262.80
	PL groups 8.8.8 and 8.8.9

	Total cost of new system
	$67,644.56
	$57,071.69
	Sum of costs listed above


Abbreviations: CRT-D, cardiac resynchronisation therapy device capable of defibrillation; ICD, implantable cardioverter-defibrillator; LV, left ventricular; PL, Prostheses List
Source: Prostheses List (February 2013)11 
a	System component unit costs are estimated based on the average benefit associated with generators and leads included on the February 2013 Prostheses List. See worksheet named ‘System component costs’ in <CRT-D supportive calculations.xlsx>
b   Dual chamber ICD devices as specified in final DAP

The Medicare Benefits rules applying to multiple procedures (MBS Note T8.2) have been applied, where appropriate, to avoid overestimating medical service costs incurred in relation to surgical procedures performed in the Private health care setting. The full wording of the MBS Multiple Operation Rule is shown in Table D‑9. 
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	Notes to the MBS

	T8.2 (Multiple Operation Rule)
The fees for two or more operations, listed in Group T8 (other than Subgroup 12 of that Group), performed on a patient on the one occasion (except as provided in paragraph T8.2.3) are calculated by the following rule:
· 100% for the item with the greatest Schedule fee; plus 
· 50% for the item with the next greatest Schedule fee; plus
· 25% for each other item.
Note:
(a) Fees so calculated which result in a sum which is not a multiple of 5 cents are to be taken to the next higher multiple of 5 cents.
(b) Where two or more operations performed on the one occasion have Schedule fees which are equal, one of these amounts shall be treated as being greater than the other or others of those amounts. 
(c) The Schedule fee for benefits purposes is the aggregate of the fees calculated in accordance with the above formula.
(d)  For these purposes the term "operation" only refers to all items in Group T8 (other than Subgroup 12 of that Group).
This rule does not apply to an operation which is one of two or more operations performed under the one anaesthetic on the same patient if the medical practitioner who performed the operation did not also perform or assist at the other operation or any of the other operations, or administer the anaesthetic.  In such cases the fees specified in the Schedule apply. 
Where two medical practitioners operate independently and either performs more than one operation, the method of assessment outlined above would apply in respect of the services performed by each medical practitioner.
If the operation comprises a combination of procedures which are commonly performed together and for which a specific combined item is provided in the Schedule, it is regarded as the one item and service in applying the multiple operation rule.
There are a number of items in the Schedule where the description indicates that the item applies only when rendered in association with another procedure. The Schedule fees for such items have therefore been determined on the basis that they would always be subject to the "multiple operation rule".
Where the need arises for the patient to be returned to the operating theatre on the same day as the original procedure for further surgery due to post-operative complications, which would not be considered as normal aftercare - see paragraph T8.2, such procedures would generally not be subject to the "multiple operation rule".  Accounts should be endorsed to the effect that they are separate procedures so that a separate benefit may be paid.


Source: Medicare Benefits Schedule (1 May 2013)9
B.4.2 [bookmark: _Toc358323982][bookmark: _Toc359248784]Input parameters by health state
B.4.2.1 Pre-implantation procedures
The investigative procedures performed prior to CRT-D implantation are the same as those performed prior to ICD implantation. These procedures will not be affected by the proposed changes to the MBS listings for CRT-D implantation. The economic evaluation does not capture costs with the initial diagnosis and identification of the eligible patient population as these costs are incurred prior to the start of the economic model, and as they would be the same in both arms.
B.4.2.2 CRT-D implantation
The economic evaluation assumes that placement of the left ventricular lead is successful in 94.7% of all patients who undergo a CRT-D implant procedure. This estimate is based on the overall rate of implant success reported for the pivotal RAFT trial (Tang et al 201077). It is comparable with the rate of CRT-D implant success reported for the MADIT-CRT trial (92.5%), and is consistent with other published estimates of the probability of CRT-D implant success (Moss et al 200958; Adabag et al 20112; Al-Majed et al 20113; Bertoldi et al 201115; Van Rees et al 201179). Based on consultation with clinical experts it is assumed that if the left ventricular lead cannot be placed, patients are likely to receive an ICD generator instead of a CRT-D generator. Only the small proportion of patients that are contraindicated for surgery and are unable to have an ICD or a CRT-D implanted are likely to be maintained on medical therapy alone, due to their increased risk of SCD.
The relative proportion of patients in the proposed MBS population that will receive transvenous (MBS 38368) or epicardial (MBS 38654) placement of the left ventricular lead as a result of the proposed changes to the MBS is expected to be similar to the relative proportion of patients currently receiving these medical services in Australia. Based on the number of Medicare services processed between July 2011 and June 2012, it is estimated that 93.7% of patients receive transvenous placement of the left ventricular lead while 6.3% of patients receive epicardial placement of the left ventricular lead (Table D‑10). This estimate does not affect the results of the economic evaluation as both lead insertion procedures are associated with the same MBS schedule fee.
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	MBS item number
	Item descriptor
	Number of services processed between July 2011 and June 2012
	Proportion (%)
	MBS fee ($)

	MBS 38368
	Insertion of the LV lead (transvenous)
	1,007
	93.7%
	$1224.60

	MBS 38654
	Insertion of the LV lead (epicardial)
	68
	6.3%
	$1224.60

	Total number of services processed for placement of LV lead
	1,075
	100%
	$1224.60


Abbreviations: LV, left ventricular; MBS, Medicare Benefits Schedule
Source: Medicare Item Reports for June 2011 to June 2012. https://www.medicareaustralia.gov.au/statistics/mbs_item.shtml
General anaesthesia is not medically necessary for the majority of patients undergoing CRT-D implantation as current clinical practice does not require the patient to be placed into asystole. The choice between general and local anaesthesia (with or without conscious sedation) is made with local institutional practice, patient preference, and possibly whether ventricular fibrillation induction is to be performed (Daubert 2012). 
Based on consultation with clinical experts, it is estimated that approximately 20% of patients that undergo CRT-D implantation would receive general anaesthesia, and would therefore require additional medical services provided by an anaesthetist. The average cost of medical services provided by an anaesthetist delivering general anaesthesia during CRT-D implantation is estimated to be $226 per patient, per procedure, as reported in the DAP for MSAC Application 1223. 
It is assumed that the remaining 80% of patients would receive local anaesthesia during CRT-D implantation. The cost of delivery of local anaesthesia is included in the cost of medical services performed for insertion of CRT-D system components, as per MBS Note T8.3 (Procedure Performed with Local Infiltration or Digital Block). 
Hospital costs associated with CRT-D implantation are captured under AR-DRG codes F01A (for implant procedures with complications) and F01B (for implant procedures with no complications. The probability of CRT-D implant-related complications has been estimated based on the proportion of patients that experienced system-related complications within 30 days of implantation in the CRT-D arm of the RAFT trial (Tang et al 201077). It is assumed that patients have the same risk of implant-related complications, regardless of whether CRT-D implantation is successful or unsuccessful (Table D‑11).
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	Row
	Parameter description
	Parameter estimate
	Source

	Cost per hospitalisation for implantation, with complications

	A
	Total average cost per hospitalisation for implantation
	$69,902.00
	AR-DRG F01A

	B
	Prostheses component cost
	$57,512.00
	AR-DRG F01A

	C
	Total cost per hospitalisation for implantation, with complications (excluding Prostheses component)
	$12,390.00
	Row C = A - B

	Cost per hospitalisation for implantation, with no complications

	D
	Total average cost per hospitalisation for implantation
	$56,626.00
	AR-DRG F01B

	E
	Prostheses component cost
	$52,311.00
	AR-DRG F01B

	F
	Total cost per hospitalisation for implantation, with no complications (excluding Prostheses component)
	$4,315.00
	Row F = D - E

	Weighted average cost per hospitalisation for implantation

	G
	Probability of implant-related complications 
	13.3%
	RAFT trial (Table D‑7)

	H
	Probability of no implant-related complications
	86.7%
	RAFT trial (Table D‑7)

	I
	Weighted average cost per hospitalisation for CRT-D implantation
	$5,388.03
	Row I = (C * G) + (F * H)


Abbreviations: AR-DRG, Australian Refined Diagnosis Related Groups, CRT-D, cardiac resynchronisation therapy device capable of defibrillation
Source: Private Sector National Cost Weights Cost Collection Report for AR-DRG v 5.1, Round 13 (2008-09), see ‘CRT-D implant costs’ worksheet of <CRT-D supportive calculations.xlsx> for full details of calculations.
All patients undergoing CRT-D implantation receive the medical services associated with insertion of the left ventricular lead (MBS 38368 or MBS 38654); insertion of the defibrillation lead (MBS 38384); and insertion of the pacemaker lead (MBS 38350). If the left ventricular lead can be successfully placed, patients receive medical services associated with insertion of the CRT-D generator (MBS 38371). If the left ventricular lead cannot be placed, patients receive medical services associated with insertion of an ICD generator (MBS 38387). The total cost per successful CRT-D implant procedure is estimated to be $75,060.32, and the total cost per unsuccessful CRT-D implant procedure, where an ICD is implanted instead, is estimated to be $70,727.44 (Table D‑12). 
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	Resource type
	Unit price
	Quantity (no)
	% of fee claimablea
	Cost per procedure
	Bearer of cost
	Source

	Successful CRT-D implant procedure

	Medical services
	
	
	
	
	
	

	Insertion of LV lead (transvenous)b
	$1,224.60
	0.937
	100%
	$1,147.14
	MBS/PHI
	MBS 38368

	Insertion of LV lead (epicardial)b
	$1,224.60
	0.063
	100%
	$77.46
	MBS/PHI
	MBS 38654 

	Insertion of defibrillator lead
	$1,052.65
	1
	50%
	$526.33
	MBS/PHI
	MBS 38384

	Insertion of pacemaker lead
	$638.65
	1
	25%
	$159.66
	MBS/PHI
	MBS 38350

	Insertion of CRT-D generator
	$287.75
	1
	25%
	$71.94
	MBS/PHI
	MBS 38371

	Average cost of general anaesthesia (as reported in DAP)b
	$226.00
	0.2
	100%
	$45.20
	MBS/PHI
	DAP

	Hospital services
	
	
	
	
	
	

	Hospitalisation for CRT-D implantation
	$5,388.03
	1
	NA
	$5,388.03
	Private hospitals
	Table D‑11

	System components
	
	
	
	
	
	

	LV lead
	$6,240.00
	1
	NA
	$6,240.00
	PHI
	Table D‑8

	Defibrillation lead
	$9,000.00
	1
	NA
	$9,000.00
	
	

	Pacemaker lead
	$1,262.80
	1
	NA
	$1,262.80
	
	

	CRT-D generator
	$51,141.76
	1
	NA
	$51,141.76
	
	

	Total cost per successful CRT-D implantation procedure
	$75,060.32
	
	

	Unsuccessful CRT-D implant procedure

	Medical services
	
	
	
	
	
	

	Insertion of LV lead (transvenous)b
	$1,224.60
	0.937
	100%
	$1,147.14
	MBS/PHI
	MBS 38368

	Insertion of LV lead (epicardial)b
	$1,224.60
	0.063
	100%
	$77.46
	MBS/PHI
	MBS 38654 

	Insertion of defibrillator lead
	$1,052.65
	1
	50%
	$526.33
	MBS/PHI
	MBS 38384

	Insertion of pacemaker lead
	$638.65
	1
	25%
	$159.66
	MBS/PHI
	MBS 38350

	Insertion of ICD generator
	$287.75
	1
	25%
	$71.94
	MBS/PHI
	MBS 38387

	Average cost of general anaesthesia (as reported in DAP)b
	$226.00
	0.2
	100%
	$45.20
	MBS/PHI
	DAP

	Hospital services
	
	
	
	
	
	

	Hospitalisation for CRT-D implantation
	$5,388.03
	1
	NA
	$5,388.03
	Private hospitals
	Table D‑11

	System components
	
	
	
	
	
	

	LV lead
	$6,240.00
	1
	NA
	$6,240.00
	PHI
	Table D‑8

	Defibrillation lead
	$9,000.00
	1
	NA
	$9,000.00
	
	

	Pacemaker lead
	$1,262.80
	1
	NA
	$1,262.80
	
	

	ICD generator
	 $46,808.89
	1
	NA
	 $46,808.89
	
	

	Total cost per unsuccessful CRT-D implantation procedure
	$70,727.44
	
	


Abbreviations: CRT-D, cardiac resynchronisation therapy device capable of defibrillation; DAP, Decision Analytic Protocol; ICD, implantable cardioverter-defibrillator; LV, left ventricular; MBS, Medicare Benefits Schedule; NA, not applicable; PHI, private health insurer
Source: Medicare Benefits Schedule (1 May 2013)9, DAP for MSAC Application 1223, Private Sector National Cost Weights Cost Collection Report for AR-DRG v 5.1, Round 13 (2008-09),  see ‘CRT-D implant costs’ worksheet of <CRT-D supportive calculations.xlsx> for full details of calculations.
a	The percentage of fee claimable is determined in accordance with the MBS Multiple Operation Rule (Table D‑9).
b	Proportion of patients receiving transvenous or epicardial insertion of the left ventricular lead is estimated in Table D‑10.
c	Based on clinical opinion it is assumed that 20% of patients undergoing CRT-D implantation will receive general anaesthesia and therefore require medical services performed by an anaesthetist. The average cost of an anaesthetist delivering general anaesthetic during CRT-D implantation is sourced from the Consultation DAP for MSAC Application 1223.
B.4.2.3 ICD implantation
The economic evaluation assumes that ICD implantation is only attempted once, and that it is successful in all cases. Published estimates of the probability of ICD implant success range from 97.4% to 98.9%, therefore this assumption is likely to be conservative, and may bias the results of the economic evaluation against CRT-D (Moss et al 200958; Adabag et al 20112; Van Rees et al 201179). 
The methods used to estimate medical service, hospital and system component costs associated with ICD implantation are similar to those used to estimate the costs associated with CRT-D implantation. These calculations are shown below in Table D‑13 and Table D‑14. The total cost per ICD implant procedure is estimated to be $63,424.33.
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	Row
	Parameter description
	Parameter estimate
	Source

	Cost per hospitalisation for implantation, with complications

	A
	Total average cost per hospitalisation for implantation
	$69,902.00
	AR-DRG F01A

	B
	Prostheses component cost
	$57,512.00
	AR-DRG F01A

	C
	Total cost per hospitalisation for implantation, with complications (excluding Prostheses component)
	$12,390.00
	Row C = A - B

	Cost per hospitalisation for implantation, with no complications

	D
	Total average cost per hospitalisation for implantation
	$56,626.00
	AR-DRG F01B

	E
	Prostheses component cost
	$52,311.00
	AR-DRG F01B

	F
	Total cost per hospitalisation for implantation, with no complications (excluding Prostheses component)
	$4,315.00
	Row F = D - E

	Weighted average cost per hospitalisation for implantation

	G
	Probability of implant-related complications 
	6.8%
	RAFT trial (Table D‑7)

	H
	Probability of no implant-related complications
	93.2%
	RAFT trial (Table D‑7)

	I
	Weighted average cost per hospitalisation for ICD implantation
	$4,863.52
	Row I = (C * G) + (F * H)


Abbreviations: AR-DRG, Australian Refined Diagnosis Related Groups, ICD, implantable cardioverter-defibrillator 
Source: Private Sector National Cost Weights Cost Collection Report for AR-DRG v 5.1, Round 13 (2008-09), see ‘ICD implant costs’ worksheet of <CRT-D supportive calculations.xlsx> for full details of calculations.
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	Resource type
	Unit price
	Quantity (no)
	% of fee claimablea
	Cost per procedure
	Bearer of cost
	Source

	Medical services
	
	
	
	
	
	

	Insertion of defibrillator lead
	$1,052.65
	1
	100%
	$1,052.65
	MBS/PHI
	MBS 38384

	Insertion of pacemaker lead
	$638.65
	1
	50%
	$319.33
	MBS/PHI
	MBS 38350

	Insertion of ICD generator
	$287.75
	1
	50%
	$71.94
	MBS/PHI
	MBS 38387

	Average cost of general anaesthesia (as reported in DAP)b
	$226.00
	0.2
	100%
	$45.20
	MBS/PHI
	DAP

	Hospital services
	
	
	
	
	
	

	Hospitalisation for ICD implantation
	$4,863.52
	1
	NA
	$4,863.52
	Private hospitals
	

	System components
	
	
	
	
	
	

	ICD generator
	 $45,158.60
	1
	NA
	 $46,808.89
	MBS/PHI
	Table D‑8

	Defibrillation lead
	$9,000.00
	1
	NA
	$9,000.00
	
	

	Pacemaker lead
	$1,262.80
	1
	NA
	$1,262.80
	
	

	Total cost per ICD implantation procedure
	$63,424.33
	
	


Abbreviations: DAP, Decision Analytic Protocol; ICD, implantable cardioverter-defibrillator; LV, left ventricular; MBS, Medicare Benefits Schedule; PHI, private health insurer
Source: Medicare Benefits Schedule (1 May 2013)9, DAP for MSAC Application 1223, Private Sector National Cost Weights Cost Collection Report for AR-DRG v 5.1, Round 13 (2008-09), see ‘ICD implant costs’ worksheet of <CRT-D supportive calculations.xlsx> for full details of calculations.
a	The percentage of fee claimable is determined in accordance with the MBS Multiple Operation Rule (Table D‑9).
b	Based on clinical opinion it is assumed that 20% of patients undergoing ICD implantation will receive general anaesthesia and therefore require medical services performed by an anaesthetist. The average cost of an anaesthetist delivering general anaesthetic during CRT-D implantation is sourced from the Consultation DAP for MSAC Application 1223 
B.4.2.4 Device-related hospitalisation
Device-related hospitalisation rates have been estimated for patients in the CRT-D and ICD arms of the model, based on data reported for the RAFT trial. This study did not specifically define ‘device‑related hospitalisation’ as an outcome however the study protocol notes that CRT-D and ICD implant procedures are associated with a risk of device-related events including infection, erosion through the skin, and damage to the wall of the vein used in placement of the left ventricular lead (Tang et al 200977). Other reasons for device-related hospitalisation may include lead dislodgements, lead malfunctions, system removal, replacement, or repositioning, lead extraction, or inappropriate shock (MSAC Assessment Report 3254). 
In the absence of data regarding the underlying reasons for device-related hospitalisations that occurred within the RAFT trial, the average cost of a device-related hospitalisation is estimated to be approximately equal to the average cost of a hospitalisation for implantation or replacement of an ICD or CRT-D system component (AR-DRG F02Z), less the Prostheses cost component. Because Private national AR-DRG cost-weight reports do not include the full cost of medical services, the average cost of medical services administered during a hospitalisation for heart failure has been estimated based on data sourced from Public Sector AR‑DRG cost-weight reports.
It is assumed that lead replacement procedures are performed during 10% of device-related hospitalisation, these costs are captured as shown in Table D‑15. Patients that undergo lead replacement procedures incur additional CRT-D or ICD system component costs. The average cost of system components used during lead replacement procedures has been estimated based on the average benefit associated with left  ventricular leads, defibrillation leads and pacemaker leads included on the February 2013 Prostheses List11.  
It is also assumed that the device-related hospitalisation rate reported for the RAFT trial does not include hospitalisation for generator replacement procedures required due to battery depletion, given that the mean duration of follow-up (40 months) is shorter than the median time to battery failure for either generator type (5.79 years for CRT-D versus 7.12 years for ICD) (Tang et al 201077; NICE 201361). Costs associated with generator replacement for battery depletion are discussed in Section D.4.2.6 and captured elsewhere in the economic model.
The methods used to estimate device-related hospitalisation costs are shown in Table D‑15. The total cost of a CRT-D related hospitalisation is estimated to be $10,724.65. The total cost of an ICD-related hospitalisation is estimated to be $10,687.70. 
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	Resource type
	Unit price
	Quantity (no)
	Cost per procedure
	Bearer of cost
	Source

	CRT-D related hospitalisation

	Medical services
	
	
	
	
	

	Medical service cost (Private hospital)
	$1,428.56
	1
	$1,428.56
	MBS
	Based on Public AR-DRG F02Z medical service component cost weighted for length of stay in Private hospital

	Hospital services
	
	
	
	
	

	Hospital cost (Private hospital)
	$8,746.00
	1
	$8,746.00
	Private hospitals
	AR-DRG F02Z  less medical and prosthesis component costs

	System components
	
	
	
	
	

	LV lead
	$6,240.00
	0.03
	$208.00
	Private health insurance
	Table D‑8

	Defibrillation lead
	$9,000.00
	0.03
	$300.00
	
	

	Pacemaker lead
	$1,262.80
	0.03
	$42.09
	
	

	Total cost per CRT-D related hospitalisation
	$10,724.65
	
	

	ICD related hospitalisation

	Medical services
	
	
	
	
	

	Medical service cost (Private hospital)
	$1,428.56
	1
	$1,428.56
	MBS
	Based on Public AR-DRG F02Z medical service component cost weighted for length of stay in Private hospital

	Hospital services
	
	
	
	
	

	Hospital cost (Private hospital)
	$8,746.00
	1
	$8,746.00
	Private hospitals
	AR-DRG F02Z  less medical and prosthesis component costs

	System components
	
	
	
	
	

	Defibrillation lead
	$9,000.00
	0.05
	$450.00
	Private health insurance
	Table D‑8

	Pacemaker lead
	$1,262.80
	0.05
	$63.14
	
	

	Total cost per ICD related hospitalisation
	$10,687.70
	
	


Abbreviations: AR-DRG, Australian Refined Diagnosis Related Groups; CRT-D, cardiac resynchronisation therapy device capable of defibrillation; ICD, implantable cardioverter-defibrillator; LV, left ventricular; MBS, Medicare Benefits Schedule
Source: Medicare Benefits Schedule (1 May 2013)9, Private Sector National Cost Weights Cost Collection Report for AR-DRG v 5.1, Round 13 (2008-09), Public Sector National Cost Weights Cost Collection Report for AR-DRG v 5.2, Round 13 (2008-09), see ‘Device-related hospitalisation’ worksheet of <CRT-D supportive calculations.xlsx> for full details of calculations.
B.4.2.5 Hospitalisation for heart failure
The RAFT trial defined hospitalisation for heart failure as admission to a health care facility lasting more than 24 hours with symptoms of congestive heart failure and subsequent treatment for heart failure. The study protocol states that:
"Most patients admitted to hospital with heart failure would be in NYHA Class IV – symptoms at rest or with any exertion. Occasionally a heart failure patient may be admitted with worsening Class III symptoms for earlier aggressive intervention. After discharge, these patients may return to Class II symptoms (with more than ordinary exertion) following aggressive treatment. Similarly, in an outpatient setting, a patient with Class II symptoms may become non-compliant with medications or diet/life-style resulting in development of Class III symptoms but returns and stays in Class II when the causes and consequences are identified with the patient through education. Other transient episodes of Class III heart failure can also occur with atrial fibrillation and rapid ventricular rate, myocardial ischemia, poorly controlled hypertension etc, all of which can respond well to appropriate interventions and the return to stable Class II symptoms." (Supplementary Appendix to Tang et al 201077).
Patients who are admitted to hospital for heart failure can present with a wide range of clinical signs and symptoms, including decompensated heart failure (an acute or subacute worsening of status and a consequent increase in dyspnoea, fatigue, and oedema), acute pulmonary oedema, and cardiogenic shock (NHFA/CSANZ 201159). The specific medical services that would be administered during a hospitalisation for heart failure depend on the underlying reason for hospitalisation, the patient's cardiac function and clinical status, and the patient's general health. Underlying reasons for hospitalisation for heart failure include can include cardiac problems (e.g. ischaemia, arrhythmia and valvular dysfunction), non-adherence to medication or conservative management strategies, changes in drug therapy or other comorbidities. Treatment strategies can include administration of oxygen to reduce symptoms of dyspnoea, the administration of medications (e.g. IV diuretics to reduce fluid overload), assisted ventillation, inotropic therapy, or mechanical cardiac support (NHFA/CSANZ 201159). 
It is assumed that hospitalisation for heart failure can occur in either the Public or Private hospital setting. The average cost of a hospitalisation for heart failure is estimated to be equal to the weighted average cost of a hospitalisation for heart failure or shock with or without complications (AR-DRG F62A and AR-DRG F62B). Because Private national AR-DRG cost-weight reports do not include the full cost of medical services, the average cost of medical services administered during a hospitalisation for heart failure has been estimated based on data sourced from Public Sector AR‑DRG cost-weight reports. 
The methods used to estimate the average cost of a hospitalisation for heart failure with or without complications in the Public or Private setting are shown in Table D‑16. The total average cost of hospitalisation for heart failure is estimated to be $6,703.30.
[bookmark: _Ref357668108][bookmark: _Toc358324005][bookmark: _Toc358382783][bookmark: _Toc358382883][bookmark: _Toc358383679][bookmark: _Toc358835305][bookmark: _Toc359227866][bookmark: _Toc359248883]Table D‑16	Total cost per hospitalisation for heart failure
	Resource type
	Unit price
	Quantity (no)a
	Cost per procedure
	Bearer of cost
	Source

	Medical services
	
	
	
	
	

	Medical service cost for hospitalisation for heart failure with complications (Private hospital)
	$2,240.11	
			0.051
	$113.69
	MBS
	AR-DRG F62Ab


	Medical service cost for hospitalisation for heart failure with complications (Public hospital)
	$1,606.00	
	0.223
	$358.29
	Other govt health budget
	AR-DRG F62Ac


	Medical service cost for hospitalisation for heart failure with no complications (Private hospital)
	$1,026.54
	0.571
	$159.47
	Private hospitals
	AR-DRG F62Bb


	Medical service cost for hospitalisation for heart failure with no complications (Public hospital)
	$668.00
	0.155
	$381.29

	Other govt budget
	AR-DRG F62Bc


	Hospital services
	
	
	
	
	

	Hospitalisation for heart failure with complications (Private hospital)
	$9,290.00
			0.051
		$471.51
	Private hospitals
	AR-DRG F62Ad

	Hospitalisation for heart failure with complications (Public hospital)
	$9,587.00
	0.223
	$2,138.83	
	Other govt budget
	AR-DRG F62Ad

	Hospitalisation for heart failure with no complications (Private hospital)
	$4,120.00
	0.571
	$640.05
	Private hospitals
	AR-DRG F62Bd

	Hospitalisation for heart failure with no complications (Public hospital)
	$4,275.00
	0.155
	$2,440.16
	Other govt budget
	AR-DRG F62Bd

	Total cost per hospitalisation for heart failure
	$6,703.30
	
	


Abbreviations: AR-DRG, Australian Refined Diagnosis Related Groups; MBS, Medicare Benefits Schedule
Source: Medicare Benefits Schedule (1 May 2013)9, Private Sector National Cost Weights Cost Collection Report for AR-DRG v 5.1, Round 13 (2008-09), Public Sector National Cost Weights Cost Collection Report for AR-DRG v 5.2, Round 13 (2008-09), see ‘Hospitalisation for HF’ worksheet of <CRT-D supportive calculations.xlsx> for full details of calculations.
a 	Proportion of patients with or without complications in the Public and Private settings estimated from number of separations reported for AR-DRG F62A and F62B. 
b 	Ward Medical costs based on Public AR-DRG Ward Medical costs and private AR-DRG average length of stay see <CRT-D supportive calculations.xlsx> for full details of calculations. 
c 	Ward Medical cost component of AR-DRG
d 	AR-DRG cost less Ward Medical component 
B.4.2.6 [bookmark: _Ref357665403]Generator replacement for battery depletion
The median time to generator replacement for battery depletion is estimated to be 5.79 years for CRT‑D and 7.12 years for ICD, based on a recent NICE assessment of implantable cardioverter defibrillators for the treatment of arrhythmias and cardiac resynchronisation therapy for the treatment of heart failure (NICE 201361). 
Replacement of a CRT-D or ICD generator is a relatively straightforward process and is performed as a same day procedure. The methods used to estimate the average cost of generator replacement in the Private setting are shown in Table D‑17 and Table D‑18. In brief, the opportunity cost of hospitalisation for the replacement of the generator in day-stay patients is estimated from the cost of a day’s hospitalisation for the replacement of an ICD component as reported in AR-DRG F02Z (excluding prosthesis costs).
[bookmark: _Ref357673299][bookmark: _Toc358324006][bookmark: _Toc358382784][bookmark: _Toc358382884][bookmark: _Toc358383680][bookmark: _Toc358835306][bookmark: _Toc359227867][bookmark: _Toc359248884]Table D‑17	Cost of hospitalisation for CRT-D or ICD generator replacement 
	Row
	Parameter description
	Parameter estimate
	Source

	A
	Average length of stay
	5.41 days
	AR-DRG F02Z

	B
	Total average cost of hospitalisation for implantation or replacement of a CRT-D or ICD system component
	$23,900.00
	AR-DRG F02Z

	C
	Prostheses component cost
	$15,060.00
	AR-DRG F02Z

	D
	Total cost of hospitalisation for implantation or replacement of a CRT-D or ICD system component (excluding Prostheses component)
	$8,840.00
	Row D = B - C

	E
	Hospital cost for day stay procedure per generator replacement 
	$1,634.01
	Row E = D / A


Abbreviations: AR-DRG, Australian Refined Diagnosis Related Groups; CRT-D, cardiac resynchronisation therapy device capable of defibrillation; ICD, implantable cardioverter-defibrillator
Source: Private Sector National Cost Weights Cost Collection Report for AR-DRG v 5.1, Round 13 (2008-09), see ‘Generator replacement’ worksheet of <CRT-D supportive calculations.xlsx> for full details of calculations.
[bookmark: _Ref357675502][bookmark: _Toc358324007][bookmark: _Toc358382785][bookmark: _Toc358382885][bookmark: _Toc358383681][bookmark: _Toc358835307][bookmark: _Toc359227868][bookmark: _Toc359248885]Table D‑18	Total cost per CRT-D or ICD generator replacement
	Resource type
	Unit price
	Quantity (no)
	Cost per procedure
	Bearer of cost
	Source

	CRT-D generator replacement

	Medical services
	
	
	
	
	

	Replacement of CRT-D generator
	$287.75
	1
	$287.75
	MBS
	MBS 38371

	Hospital services
	
	
	
	
	

	Hospitalisation for generator replacement
	$1,634.01
	1
	$1,634.01
	Private hospitals
	Table D‑17

	System components
	
	
	
	
	

	CRT-D generator
	$51,141.76
	1
	$51,141.76
	Private health insurance
	Table D‑8

	Total cost per CRT-D generator replacement
	$53,063.53
	
	

	ICD generator replacement

	Medical services
	
	
	
	
	

	Replacement of ICD generator
	$287.75
	1
	$287.75
	MBS
	MBS 38387

	Hospital services
	
	
	
	
	

	Hospitalisation for generator replacement
	$1,634.01
	1
	$1,634.01
	Private hospitals
	Table D‑17

	System components
	
	
	
	
	

	ICD generator
	$45,158.60
	1
	$46,808.89
	Private health insurance
	Table D‑8

	Total cost per ICD generator replacement
	$48,730.65
	
	


Abbreviations: CRT-D, cardiac resynchronisation therapy device capable of defibrillation; ICD, implantable cardioverter defibrillator; MBS, Medicare Benefits Schedule
Source: Medicare Benefits Schedule (1 May 2013)9, Private Sector National Cost Weights Cost Collection Report for AR-DRG v 5.1, Round 13 (2008-09), Public Sector National Cost Weights Cost Collection Report for AR-DRG v 5.2, Round 13 (2008-09), Prostheses List (February 2013), see ‘Generator replacement’ worksheet of <CRT-D supportive calculations.xlsx> for full details of calculations.
B.4.2.7 Ongoing monitoring and optimised medical therapy
MBS item number 11727 is used for ongoing monitoring of patients after CRT-D or ICD implantation. It is assumed that patients attend follow-up visits three times per year, meaning that the annual cost of monitoring is $284 per patient, in both arms of the model. 
The annual cost of optimised medical therapy is estimated to be $530 per patient, per year, as shown in Section C.4.
B.4.2.8 Utility weights
As discussed in Section C.3, the economic evaluation uses utility weight estimates sourced from the pivotal MADIT-CRT trial (Noyes et al 201363). These were elicited from patients with NYHA class I or II heart failure at baseline and after CRT-D or ICD implantation, over a mean follow-up duration of 28 months. 
Slight adjustments have been made to account for the fact that participants in the CRT-D arm of the MADIT‑CRT trial had a higher mean utility values at baseline than participants in the ICD arm. These adjustments allow all patients to enter the model with the same preference-based health-related quality of life but do not affect the magnitude of utility gain applied to each arm of the model (Section C.3; Table D‑19). 
These estimates are subjected to a range of sensitivity analyses presented in Section D.6 of this submission. A supplementary analysis in which all preference-based health-related quality of life weighting of survival is removed (ie. a cost per life-year-saved analysis) is presented in Section D.5 of this submission).
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	Row
	Parameter description
	Parameter estimate
	Source

	
	
	CRT-D
	ICD
	

	Utility weight estimates reported for the MADIT-CRT trial

	A
	Number of patients
	748
	503
	MADIT-CRT (See Section C.3)

	B
	Mean utility at baseline
	0.848	
	0.845
	MADIT-CRT (See Section C.3)

	C
	Mean utility during follow up
	0.884	
	0.874
	MADIT-CRT (See Section C.3)

	D
	Percentage change in mean utility from baseline
	4.25%
	3.43%
	Row D = (C – B)/B

	Calculation of adjusted utility weight estimates included in the economic evaluation

	E
	Adjusted mean utility at baseline
	0.847
	0.847
	Row E = weighted average of utilities in Row B

	F
	Adjusted mean utility during follow-up
	0.883
	0.876
	Row F = D + E


Abbreviations: CRT-D, cardiac resynchronisation therapy device capable of defibrillation; ICD, implantable cardioverter defibrillator
Source: Noyes et al (2013)63
B.4.2.9 Discount rate
Both costs and effects are discounted at 5% per annum, in line with the PBAC and MSAC guidelines for economic analyses. The impact of discounting is explored in sensitivity analysis.
B.5 [bookmark: _Toc358323983][bookmark: _Toc359248785]Results of the economic evaluation
B.5.1 [bookmark: _Toc358323984][bookmark: _Toc359248786]Health care costs by step and by resource type
Table D‑20 presents the costs generated by the economic model, by step and by resource type. In the analyses with shorter time horizons (Step 1a–1c) the cost of the index implantation of CRT-D or ICD has the most bearing on the incremental costs generated by the economic model. In the Steps where the time horizon is extended (Step 2 and 3) the cost of the index procedure remains an important driver of incremental cost, however, the costs of generator replacement due to battery depletion also contributes considerably to the incremental costs generated by the model.
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	Resource item description
	CRT-D
	ICD
	Incremental
	% Total incremental

	Step 1a
	
	
	
	

	Index implantation 
	$74,832.02
	$63,424.32
	$11,407.70
	92.28%

	Heart failure hospitalisation
	$1,613.73
	$2,192.89
	-$579.16
	-4.69%

	Generator replacement due to battery depletion
	$0.00
	$0.00
	$0.00
	0.00%

	Device-related hospitalisation
	$3,050.45
	$1,683.22
	$1,367.23
	11.06%

	Monitoring
	$1,233.54
	$1,175.65
	$57.89
	0.47%

	OMT
	$2,319.91
	$2,212.07
	$107.84
	0.87%

	Total
	$83,049.65
	$70,688.15
	$12,361.50
	100.00%

	Step 1b
	
	
	
	

	Index implantation 
	$74,831.23
	$63,424.32
	$11,406.91
	92.32%

	Heart failure hospitalisation
	$1,644.67
	$2,242.04
	-$597.37
	-4.83%

	Generator replacement due to battery depletion
	$0.00
	$0.00
	$0.00
	0.00%

	Device-related hospitalisation
	$3,108.92
	$1,720.94
	$1,387.98
	11.23%

	Monitoring
	$1,256.81
	$1,201.58
	$55.23
	0.45%

	OMT
	$2,363.27
	$2,260.38
	$102.89
	0.83%

	Total
	$83,204.91
	$70,849.26
	$12,355.65
	100.00%

	Step 1c
	
	
	
	

	Index implantation 
	$74,831.23
	$63,424.32
	$11,406.91
	93.22%

	Heart failure hospitalisation
	$1,462.79
	$1,998.50
	-$535.71
	-4.38%

	Generator replacement due to battery depletion
	$0.00
	$0.00
	$0.00
	0.00%

	Device-related hospitalisation
	$2,765.13
	$1,534.01
	$1,231.12
	10.06%

	Monitoring
	$1,120.35
	$1,073.54
	$46.82
	0.38%

	OMT
	$2,109.07
	$2,021.86
	$87.21
	0.71%

	Total
	$82,288.57
	$70,052.23
	$12,236.34
	100.00%

	Step 2
	
	
	
	

	Index implantation 
	$74,831.23
	$63,424.32
	$11,406.91
	37.06%

	Heart failure hospitalisation
	$2,872.52
	$3,511.56
	-$639.04
	-2.08%

	Generator replacement due to battery depletion
	$46,758.92
	$30,364.28
	$16,394.63
	53.26%

	Device-related hospitalisation
	$5,429.95
	$2,695.40
	$2,734.54
	8.88%

	Monitoring
	$2,177.35
	$1,868.47
	$308.88
	1.00%

	OMT
	$4,078.05
	$3,502.67
	$575.38
	1.87%

	Total
	$136,148.01
	$105,366.71
	$30,781.30
	100.00%

	Step 3
	
	
	
	

	Index implantation 
	$74,831.23
	$63,424.32
	$11,406.91
	35.1%

	Heart failure hospitalisation
	$2,990.62
	$3,576.35
	-$585.73
	-1.8%

	Generator replacement due to battery depletion
	$48,681.33
	$30,924.53
	$17,756.80
	54.6%

	Device-related hospitalisation
	$5,653.19
	$2,745.14
	$2,908.05
	8.9%

	Monitoring
	$2,265.89
	$1,902.51
	$363.39
	1.1%

	OMT
	$4,243.00
	$3,566.08
	$676.92
	2.1%

	Total
	$138,665.26
	$106,138.92
	$32,526.34
	100.0%


Abbreviations: CRT-D, cardiac resynchronisation therapy device capable of defibrillation; ICD, implantable cardioverter defibrillator; NA, not applicable; OMT, optimised medical therapy

B.5.2 [bookmark: _Toc358323985][bookmark: _Toc359248787]Health outcomes by step and by health state
Table D‑21 presents the outcomes generated by the economic model, by step and by health state. The results of Step 1a (using unadjusted crude survival estimates from each arm of the RAFT trial) and Step 1b (using a baseline hazard based on a Weibull function) and the adjusted HR for all-cause mortality show similar results. However, Step 1b should be considered the more accurate representation of survival benefits as this analysis has been adjusted (through the adjusted HR) for any slight imbalances in patient characteristics present at baseline in the RAFT RCT.
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	Resource item description
	CRT-D
	ICD
	Incremental

	Step 1a (% Deaths)
	
	
	

	CRT-D implantation
	NA
	NA
	NA

	CRT-D treatment
	NA
	NA
	NA

	CRTD Heart failure hospitalization
	NA
	NA
	NA

	CRTD device related hospitalization
	NA
	NA
	NA

	CRTD battery fail
	NA
	NA
	NA

	ICD implantation
	NA
	NA
	NA

	ICD treatment
	NA
	NA
	NA

	ICD Heart failure hospitalization
	NA
	NA
	NA

	ICD device related hospitalization
	NA
	NA
	NA

	ICD battery fail
	NA
	NA
	NA

	All-cause mortality 
	23.7%
	31.0%
	7.3%

	Total
	23.7%
	31.0%
	7.3%

	Step 1b (% Deaths)
	
	
	

	CRT-D implantation
	NA
	NA
	NA

	CRT-D treatment
	NA
	NA
	NA

	CRTD Heart failure hospitalization
	NA
	NA
	NA

	CRTD device related hospitalization
	NA
	NA
	NA

	CRTD battery fail
	NA
	NA
	NA

	ICD implantation
	NA
	NA
	NA

	ICD treatment
	NA
	NA
	NA

	ICD Heart failure hospitalization
	NA
	NA
	NA

	ICD device related hospitalization
	NA
	NA
	NA

	ICD battery fail
	NA
	NA
	NA

	All-cause mortality 
	24.1%
	32.2%
	8.1%

	Total
	24.1%
	32.2%
	8.1%

	Step 1c (QALYs)
	
	
	

	CRT-D implantation
	0.035
	0.000
	0.035

	CRT-D treatment
	3.249
	0.000
	3.249

	CRTD Heart failure hospitalization
	0.015
	0.000
	0.015

	CRTD device related hospitalization
	0.018
	0.000
	0.018

	CRTD battery fail
	0.000
	0.000
	0.000

	ICD implantation
	0.000
	0.035
	-0.035

	ICD treatment
	0.182
	3.264
	-3.083

	ICD Heart failure hospitalization
	0.001
	0.022
	-0.021

	ICD device related hospitalization
	0.001
	0.010
	-0.009

	ICD battery fail
	0.000
	0.000
	0.000

	All-cause mortality 
	0.000
	0.000
	0.000

	Total
	3.500
	3.332
	0.169

	Step 2 (QALYs)
	
	
	

	CRT-D implantation
	0.035
	0.000
	0.035

	CRT-D treatment
	6.264
	0.000
	6.264

	CRTD Heart failure hospitalization
	0.030
	0.000
	0.030

	CRTD device related hospitalization
	0.035
	0.000
	0.035

	CRTD battery fail
	0.062
	0.000
	0.062

	ICD implantation
	0.000
	0.035
	-0.035

	ICD treatment
	0.351
	5.644
	-5.293

	ICD Heart failure hospitalization
	0.002
	0.038
	-0.037

	ICD device related hospitalization
	0.002
	0.018
	-0.016

	ICD battery fail
	0.003
	0.045
	-0.043

	All-cause mortality 
	0.000
	0.000
	0.000

	Total
	6.784
	5.781
	1.003

	Step 3 (QALYs)
	
	
	

	CRT-D implantation
	0.035
	0.000
	0.035

	CRT-D treatment
	6.519
	0.000
	6.519

	CRTD Heart failure hospitalization
	0.031
	0.000
	0.031

	CRTD device related hospitalization
	0.037
	0.000
	0.037

	CRTD battery fail
	0.065
	0.000
	0.065

	ICD implantation
	0.000
	0.035
	-0.035

	ICD treatment
	0.365
	5.747
	-5.382

	ICD Heart failure hospitalization
	0.002
	0.039
	-0.037

	ICD device related hospitalization
	0.002
	0.019
	-0.017

	ICD battery fail
	0.003
	0.046
	-0.043

	All-cause mortality 
	0.000
	0.000
	0.000

	Total
	7.059
	5.886
	1.173


Abbreviations: CRT-D, cardiac resynchronisation therapy device capable of defibrillation; ICD, implantable cardioverter defibrillator; NA, not applicable; QALY, Quality-adjusted life-year

B.5.3 [bookmark: _Toc358323986][bookmark: _Toc359248788]Markov traces
Figure D‑2 presents the Markov trace for the CRTD arm of the economic model in the base case analysis (Step 3). The proportion of the cohort residing in each health state over the remaining life time of the modelled patient cohort is presented. 
It is important to note that the model is designed as a cohort analysis which deals with a group of individuals with similar characteristics – rather than an individual patient. In a cohort analysis, the expected value is calculated by multiplying the percentage of the cohort in a health state by the incremental cost or utility assigned to that health states, and aggregating the products across health states and cycles to obtain the overall expected value. This means that the probability of being in the health state (as well as its interpretation) is associated with the aggregate study cohort – not specific and adherent to any individual patients.
[bookmark: _Ref358317730][bookmark: _Ref358317724][bookmark: _Toc358324014][bookmark: _Toc359227919][bookmark: _Toc359248242]Figure D‑2	Markov trace: CRT-D arm of the economic model
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Abbreviations: CRT-D, cardiac resynchronisation therapy device capable of defibrillation; ICD, implantable cardioverter defibrillator

Figure D‑3 presents the Markov trace for the ICD arm of the economic model in the base case analysis (Step 3). The proportion of the cohort residing in each health state over the remaining life time of the modelled patient cohort is presented. 
[bookmark: _Ref358317847][bookmark: _Toc358324015][bookmark: _Toc359227920][bookmark: _Toc359248243]Figure D‑3	Markov trace: ICD arm of the economic model
[image: ]
Abbreviations: CRT-D, cardiac resynchronisation therapy device capable of defibrillation; ICD, implantable cardioverter defibrillator

B.5.4 [bookmark: _Toc358323987][bookmark: _Toc359248789]Incremental costs and effectiveness
Table D‑22 presents the incremental cost-effectiveness ratio (ICER) estimates for each step of the economic analysis. 
In Step 1a the model estimates that CRT-D treatment costs $169,335.60 to avoid a patient death at 60 months compared to ICD treatment. This estimate is similar to that presented in Step 1b where the model estimates that it costs $152,621.27 to avoid a patient death at 60 months compared to ICD treatment. As noted previously, Step 1b should be considered to produce more accurate representation of survival benefits than Step 1a as this analysis has been adjusted (through the adjusted HR) for any slight imbalances in patient characteristics present at baseline in the RAFT RCT.
In Step 1c the model estimates that CRT-D treatment costs around $72,422.51 per QALY gained compared to ICD over 60 months. As discussed previously, this result is based on a truncated estimate of patient survival which will markedly underestimate the survival benefits of CRT-D over ICD over a patient’s lifetime.
In Step 2 the model estimates that CRT-D treatment costs around $30,704.02 per QALY gained compared to ICD over 20 years. This result is similar to the base case presented in Step 3 as the majority of the patient cohorts in each arm of the model have entered the all-cause mortality absorbing health state at this time horizon.
In the base case analysis CRT-D is shown to be cost-effective and economically attractive compared to ICD at $27,737.11 per QALY.
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	Resource item description
	CRT-D
	ICD
	Incremental

	Step 1a (Cost per death avoided at 60 months)
	
	
	

	Cost
	$83,049.65
	$70,688.15
	$12,361.50

	Effect (% Deaths)
	23.7%
	31.0%
	7.3%

	Cost per death avoided
	$169,335.60

	Step 1b (Cost per death avoided at 60 months)
	
	
	

	Cost
	$83,204.91
	$70,849.26
	$12,355.65

	Effect (% Deaths)
	24.1%
	32.2%
	8.1%

	Cost per death avoided
	$152,621.27

	Step 1c (Cost per QALY at 60 months)
	
	
	

	Cost
	$82,288.57
	$70,052.23
	$12,236.34

	Effect (QALYs)
	3.500
	3.332
	0.169

	Cost per QALY
	$72,422.51

	Step 2 (Cost per QALY at 20 years)
	
	
	

	Cost
	$136,148.01
	$105,366.71
	$30,781.30

	Effect (QALYs)
	6.784
	5.781
	1.003

	Cost per QALY
	$30,704.02

	Step 3 (Cost per QALY lifetime – base case)
	
	
	

	Cost
	$138,665.26
	$106,138.92
	$32,526.34

	Effect (QALYs)
	7.059
	5.886
	1.173

	Cost per QALY
	$27,737.11


Abbreviations: CRT-D, cardiac resynchronisation therapy device capable of defibrillation; ICD, implantable cardioverter defibrillator; QALYs, quality-adjusted life-years

Table D‑23 presents a supplementary analysis in which all preference-based health-related quality of life weighting of survival is removed from the base case analysis (ie. a cost per life-year-saved analysis). This analysis generates an ICER of $25,445.66 per life-year-saved for CRT-D compared to ICD over the cohort’s lifetime. This is a similar estimate to that generated by Step 3, albeit using a different outcome metric.

[bookmark: _Ref358841481][bookmark: _Toc359227873][bookmark: _Toc359248890]Table D‑23	Supplementary cost-effectiveness analysis 1 (cost per life year saved) 
	Resource item description
	CRT-D
	ICD
	Incremental

	Supplementary economic analysis 1
	
	
	

	Cost
	$138,665.26
	$106,138.92
	$32,526.34

	Effect (Life-years-saved)
	8.012
	6.734
	1.278

	Cost per life year saved
	$25,445.66



B.6 [bookmark: _Toc358323988][bookmark: _Ref358385311][bookmark: _Ref358385330][bookmark: _Ref358385787][bookmark: _Ref358386451][bookmark: _Ref358386470][bookmark: _Ref358386513][bookmark: _Ref359232894][bookmark: _Toc359248790]Sensitivity analyses
Table D‑24 presents a range of sensitivity analyses applied to the base case economic analysis (Step 3). The base case economic analysis was most sensitive to changes in the estimates of all-cause mortality benefits associated with CRT-D treatment, the cost and duration of generator replacement due to battery depletion and the preference-based health-related quality of life estimates applied in the analysis. Regardless, when reasonable extremes of these input parameters were applied to the analysis CRT-D remained economically attractive.
[bookmark: _Ref358314119][bookmark: _Toc358324012][bookmark: _Toc358382790][bookmark: _Toc358382890][bookmark: _Toc358383686][bookmark: _Toc358835312][bookmark: _Toc359227874][bookmark: _Toc359248891]Table D‑24	Health outcomes by model step and health state 
	Resource item description
	Incremental cost
	Incremental effect
	ICER 
(Cost per QALY)

	Base case
	$32,526.34
	1.173
	$27,737.11

	Costs
	
	
	

	CRTD total MBS index implantation cost increased by 20%
	$32,931.89
	1.173
	$28,082.95

	CRTD total MBS index implantation cost decreased by 20%
	$32,120.79
	1.173
	$27,391.28

	CRTD implantation hospital costs increased by 20%
	$33,603.95
	1.173
	$28,656.05

	CRTD implantation hospital costs decreased by 20%
	$31,448.73
	1.173
	$26,818.18

	LV lead cost increased by 20%
	$33,795.11
	1.173
	$28,819.07

	LV lead cost decreased by 20%
	$31,257.57
	1.173
	$26,655.16

	Pace lead cost increased by 20%
	$32,527.65
	1.173
	$27,738.23

	Pace lead cost decreased by 20%
	$32,525.03
	1.173
	$27,735.99

	Defibrillator lead cost increased by 20%
	$32,535.69
	1.173
	$27,745.09

	Defibrillator lead cost decreased by 20%
	$32,516.99
	1.173
	$27,729.14

	Device-related hospitalization cost increased by 20%
	$33,107.95
	1.173
	$28,233.09

	Device-related hospitalization cost decreased by 20%
	$31,944.73
	1.173
	$27,241.14

	Heart failure hospitalization cost increased by 20%
	$32,409.19
	1.173
	$27,637.22

	Heart failure hospitalization cost decreased by 20%
	$32,643.49
	1.173
	$27,837.01

	Cost of hospitalization for generator replacement due to battery depletion increased by 20%
	$36,077.70
	1.173
	$30,765.57

	Cost of hospitalization for generator replacement due to battery depletion decreased by 20%
	$28,974.98
	1.173
	$24,708.66

	Monitoring costs doubled
	$32,889.72
	1.173
	$28,046.99

	Monitoring costs halved
	$32,344.65
	1.173
	$27,582.17

	OMT costs doubled 
	$33,203.26
	1.173
	$28,314.36

	OMT costs halved
	$32,187.88
	1.173
	$27,448.49

	Discount rate decreased to 3% per annum for costs and effects
	$36,753.11
	1.498
	$24,540.12

	Discount rate decreased to 0% per annum for costs and effects
	$46,309.88
	2.266
	$20,432.70

	Effects
	
	
	

	Preference based quality of life weighting for survival removed (ie. Cost per LYS analysis)
	$32,526.34
	1.278
	$25,445.66 (cost per LYS)

	Baseline all-cause mortality estimate based on constant hazards (exponential survival function Lambda = 0.00608) rather than a Weibull survival function
	$36,787.50
	1.407
	$26,140.10

	Hazard ratio for all-cause mortality Increased by 1 SEM (to 0.834)
	$27,574.91
	0.632
	$43,654.95

	Hazard ratio for all-cause mortality decreased by 1 SEM (to 0.586)
	$38,574.17
	1.833
	$21,038.90

	Hazard ratio for heart failure hospitalisation increased to 0.85
	$33,115.81
	1.173
	$28,239.79

	Hazard ratio for heart failure hospitalisation decreased 0.75
	$32,329.72
	1.173
	$27,569.44

	Probability of device-related hospitalization for CRT-D increased by 20%
	$33,602.18
	1.173
	$28,654.55

	Probability of device-related hospitalization for CRT-D decreased by 20%
	$31,450.50
	1.173
	$26,819.68

	Probability of lead replacement required at device related hospitalization doubled
	$32,683.53
	1.173
	$27,871.16

	Probability of lead replacement required at device related hospitalization halved
	$32,447.75
	1.173
	$27,670.10

	CRT-D battery depletion time increased by 20%
	$24,770.57
	1.173
	$21,123.31

	CRT-D battery depletion time decreased by 20%
	$44,135.85
	1.173
	$37,637.22

	Utility weight set to parity in both model arms
	$32,526.34
	1.129
	$28,818.04

	Utility weight improvement starting at 1 month rather than 6 months
	$32,526.34
	1.176
	$27,668.90

	Utility weight improvement starting at 12 months rather than 6 months
	$32,526.34
	1.169
	$27,818.36

	Utility weight assumed to decline 5% per annum after 48 months (ie. follow up duration in MADIT-CRT trial)
	$32,526.34
	0.819
	$39,724.32

	Utility weight set to parity in both arms and reduced to 0.70 
	$32,526.34
	0.767
	$42,409.44

	Utility weight set to parity in both arms and reduced to 0.90 
	$32,526.34
	1.150
	$28,272.96

	Treatment effect (hazard ratio) of all-cause mortality in the CRT-D arm set to 1.0 (ie. no treatment effect) after 12 years (twice longest duration of follow-up)
	$30,393.46
	0.940
	$32,346.49

	Treatment effect (hazard ratio) of heart failure hospitalisation in the CRT-D arm set to 1.0 (ie. no treatment effect) after 12 years (twice longest duration of follow-up)
	$32,726.19
	1.173
	$27,907.53

	Multivariate sensitivity analyses
	
	
	

	Cost of hospitalization for generator replacement due to battery depletion increased by 20%
+
Hazard ratio for all-cause mortality Increased by 1 SEM (to 0.834)
+
Utility weight set to parity in both arms and reduced to 0.70 
	$27,840.34
	0.466
	$59,757.25

	Cost of hospitalization for generator replacement due to battery depletion decreased by 20%
+
Hazard ratio for all-cause mortality decreased by 1 SEM (to 0.586)
+
Utility weight set to parity in both arms and increased to 0.90
	$38,259.08
	1.823979
	$20,975.62


Abbreviations: CRT-D, cardiac resynchronisation therapy device capable of defibrillation; ICD, implantable cardioverter defibrillator; ICER, Incremental cost-effectiveness ratio; LYS, life year saved; LV, left ventricular; MBS, Medicare Benefits Scheme; QALY, Quality adjusted life year; OMT, optimised medical therapy; SEM, standard error of the mean



C [bookmark: _Ref154222487][bookmark: _Toc311625744][bookmark: _Toc345682411][bookmark: _Toc358363542][bookmark: _Toc359248791][bookmark: _Toc130784528][bookmark: _Ref154222504]Estimated extent of use and financial implications
[bookmark: _Toc358323989]The net financial impact was calculated for patients that would receive reimbursement for CRT-D through the MBS (i.e. private patients). The net financial impact to the MBS is $73,972 in 2014 which is expected to increase to $97,582 in 2018 (Table E‑8). The net financial impact to healthcare (including MBS and private insurance costs (private hospitals and prostheses list)) is $2,064,177 in 2014 which is expected to increase to $2,722,999 in 2018.
C.1 [bookmark: _Toc358710019][bookmark: _Toc358820663][bookmark: _Toc359248792]Justification of the selection of sources of data
As discussed in the DAP and Section A, CRT-D is a direct substitute for ICD. Therefore, the financial impact analysis presented in this submission takes a market-share approach. 
The analysis presents two scenarios:
· CRT-D is reimbursed for patients with NYHA II heart failure with LVEF ≤ 30% and a QRS ≥ 150 ms (i.e., world with CRT-D)
· CRT-D is not reimbursed in this population (i.e., world without CRT-D)
As discussed in Section A, MBS benefits are available to NYHA class II patients for the insertion of an ICD device (MBS item 38387). It is expected that a proportion of NYHA class II patients currently receiving ICD, would receive CRT-D if it were reimbursed. Therefore, MBS item 38387 for ICD generator was used to estimate the incidence of patients receiving CRT-D. However, MBS item 38387 includes patients with NYHA class II and class III disease with LVEF of less than or equal to 35%. To estimate the percentage of patients that would receive CRT-D, seven KOLs were asked to estimate the proportion of patients that are currently eligible to receive MBS item 38387 that would meet the criteria to receive CRT-D (NYHA class II patients with a LVEF of less than or equal to 30%, and a QRS duration of 150 ms or more). Estimates ranged from 10% to less than 40% of patients, with 20% the most common response. Therefore, in the base case analysis, it was estimated that 20% of patients receiving MBS item 38387 would receive CRT-D. A sensitivity analysis is presented with the upper and lower ranges of estimates.
As discussed in Section D, it is estimated that 93.7% of patients receive transvenous placement of the left ventricular lead while 6.3% of patients receive epicardial placement of the left ventricular lead.
As discussed in Section D, it is estimated that that placement of the left ventricular lead is successful in 94.7% of all patients who undergo a CRT-D implant procedure. Based on consultation with clinical experts it is assumed that if the left ventricular lead cannot be placed, patients are likely to receive an ICD generator instead of a CRT-D generator. Patients where the left ventricular lead cannot be placed incur the same MBS and hospital costs as a patient receiving a successful CRT-D.
C.2 [bookmark: _Toc358710020][bookmark: _Toc358820664][bookmark: _Toc359248793]Estimated use of CRT-D
C.2.1 [bookmark: _Toc358710021][bookmark: _Toc358820665][bookmark: _Toc359248794]Number of patients receiving CRT-D
As described above, the incidence of patients receiving CRT-D is based on the number of patients receiving an ICD (MBS item 38387). Table E‑1 shows the number of patients receiving MBS item 38387 between 2007 and 2012. 
[bookmark: _Ref358978961][bookmark: _Toc358710114][bookmark: _Toc358820760][bookmark: _Toc359227875][bookmark: _Toc359248892]Table E‑1	Number of patients receiving ICD in Australia
	MBS item number
	Year

	
	2007
	2008
	2009
	2010
	2011
	2012

	38387
	357
	493
	616
	606
	707
	742


Abbreviations: ICD, implantable cardioverter defibrillator; MBS, Medicare Benefits Schedule
To estimate the size of the current population receiving CRT-D if it were listed on the MBS, it was assumed that the CRT-D population would increase linearly. Therefore, the estimated number of patients receiving ICD treatment for the years 2007 and 2012 were graphed and then extrapolated to 2018 using linear regression (Figure E‑1). 
[bookmark: _Ref358978985][bookmark: _Toc358710154][bookmark: _Toc358820804][bookmark: _Toc359227921][bookmark: _Toc359248244]Figure E‑1	Estimated NYHA class II and class III patient population treated with ICD
[image: ]
Abbreviations: ICD, implantable cardioverter defibrillator
Table E‑2 summarises the estimated number of patients receiving CRT-D. Based on clinical advice from KOLs, it is estimated that that 20% of patients receiving MBS item 38387 in 2014 would be NYHA class II patients eligible to receive CRT-D. Therefore, it is estimated that 183 new patients would be treated with CRT-D in 2014 increasing to 242 patients in 2018. A sensitivity analysis is presented in which 10% and 40% of patients receiving MBS item 38387 receive CRT-D.
[bookmark: _Ref358978950][bookmark: _Toc358710115][bookmark: _Toc358820761][bookmark: _Toc359227876][bookmark: _Toc359248893]Table E‑2	Predicted number of patients treated with CRT-D
	Description
	Year 1
	Year 2
	Year 3
	Year 4
	Year 5

	
	2014
	2015
	2016
	2017
	2018

	Number of private patients receiving ICD
	916
	989
	1062
	1135
	1208

	Proportion private patients receiving ICD expected to receive CRT-D
	20%
	20%
	20%
	20%
	20%

	Number of private patients receiving ICD expected to receive CRT-D
	183
	198
	212
	227
	242

	Total number of private patients receiving CRT-D
	183
	198
	212
	227
	242


Abbreviations: CRT-D, cardiac resynchronisation therapy device capable of defibrillation; ICD, implantable cardioverter-defibrillator
C.3 [bookmark: _Toc358710022][bookmark: _Toc358820666][bookmark: _Toc359248795]Estimated extent of changes in use of other therapeutic medical services
As described above, it is expected that all NYHA class II patients receiving CRT-D would otherwise receive ICD. Therefore, in the scenario in which CRT-D is not reimbursed (i.e. world without CRT-D), all patients receive ICD. 

C.4 [bookmark: _Toc358710023][bookmark: _Toc358820667][bookmark: _Toc359248796]Costs of CRT-D and ICD
For the financial impact analysis, the costs for each treatment are separated into MBS costs, PBS costs, private hospital costs and private health insurance prosthesis costs. For CRT-D and ICD, the costs associated with surgery are included. MBS costs associated with ongoing maintenance of the devices (e.g. monitoring costs) are expected to be the similar for ICD and CRT-D and are not included in this section. Patients receiving ICD and CRT-D through the MBS are private patients. Therefore, hospital and device costs for these patients would be covered privately by private health insurance companies and not by any State or Federal government health budgets. Further discussion of the unit costs included for CRT-D implant and ICD is presented in Section D of this submission.
C.4.1 [bookmark: _Toc358710024][bookmark: _Toc358820668][bookmark: _Toc359248797]MBS costs
The MBS costs for CRT-D and ICD are presented in Table E‑3. The total MBS costs are $1,520.79 for CRT-D and $1,116.83 for ICD placement.
[bookmark: _Ref358978941][bookmark: _Toc358710116][bookmark: _Toc358820762][bookmark: _Toc359227877][bookmark: _Toc359248894]Table E‑3	MBS costs for CRT-D and ICD
	Description
	Unit price ($)
	Quantity (no.)
	Percentage of fee claimable under MBS Multiple Services Rule
	Cost
	Source

	CRT-D implantation

	Insertion of LV lead (transvenous)
	$1,224.60
	0.937
	100%
	$1,147.45
	MBS item 38368

	Insertion of LV lead (thoracotomy)
	$1,224.60
	0.063
	100%
	$77.15
	MBS item 38654

	Insertion of RA and RV leads
	$1,052.65
	1
	50%
	$526.33
	MBS item 38384

	Insertion of RA pacemaker leads
	$638.65
	1
	25%
	$159.66
	MBS item 38350

	Insertion of CRT-D device
	$287.75
	1
	25%
	$71.94
	MBS item 38371

	Average cost of general anaesthesia (as reported in DAP)
	$226.00
	0.2
	100%
	$45.20
	MBS items 17610, 20410, 21941, 25000, 25015, 23021, 23101

	Total treatment costs for CRT-D
	$2,027.73

	Total MBS costs for CRT-D (75% benefit)
	$1,520.79

	ICD implantation

	Insertion of RA and RV leads
	$1,052.65
	1
	100%
	$1,052.65
	MBS item 38384

	Insertion of RA pacemaker leads
	$638.65
	1
	50%
	$319.33
	MBS item 38350

	Insertion of ICD device
	$287.75
	1
	25%
	$71.94
	MBS item 38387

	Average cost of general anaesthesia (as reported in DAP)
	$226.00
	0.2
	100%
	$45.20
	MBS items 17610, 20410, 21941, 25000, 25015, 23021, 23101

	Total treatment costs for ICD
	$1,489.11

	Total MBS costs for ICD (75% benefit)
	$1,116.83


NB. Rounding applies
Abbreviations: CRT-D, cardiac resynchronisation therapy device capable of defibrillation; DAP, decision analytical protocol; ICD, implantable cardioverter-defibrillator; LV, left ventricular; MBS, Medicare Benefits Schedule; RA, right atrial; RV, right ventricular
C.4.2 [bookmark: _Toc358710025][bookmark: _Toc358820669][bookmark: _Toc359248798]PBS costs
All patients receiving ICD and CRT-D receive OMT. The drug regimen for ICD and CRT-D is assumed to be similar (see Section D). This is a conservative assumption as there is evidence that CRT-D may reduce OMT costs. However, these costs are likely to be modest and are not captured in this analysis. 
C.4.3 [bookmark: _Toc358710026][bookmark: _Toc358820670][bookmark: _Toc359248799]State government costs
Patients receiving ICD and CRT-D through the MBS are private patients. Therefore, hospital costs for these patients would be covered privately by private health insurance companies and not by any State or Federal government health budget. 
C.4.4 [bookmark: _Toc358710027][bookmark: _Toc358820671][bookmark: _Toc359248800]Private hospital costs
Private hospital costs (excluding prosthesis costs) for CRT-D is $5,388.03 and for ICD is $4,864.10 (Table E‑4).
[bookmark: _Ref358978932][bookmark: _Toc358710117][bookmark: _Toc358820763][bookmark: _Toc359227878][bookmark: _Toc359248895]Table E‑4	Private hospital costs for CRT-D and ICD
	Description
	Unit price ($)
	Weighting (%)
	Cost

	CRTD hospital costs

	Hospital costs procedure without complications
(Source: Private VERSION 5.1 Round 13 (2008-2009) Cost AR-DRG F01B; Weighting RAFT trial see Section B.6.3)
	$4315.00
	86.7%
	$3,741.61

	Hospital costs procedure with complications
(Source: Private VERSION 5.1 Round 13 (2008-2009) Cost AR-DRG F01A; Weighting RAFT trial see Section B.6.3)
	$12,390.00
	13.3%
	$1,646.42

	Total weighted average CRT-D hospital costs (excluding prosthesis costs)
	$5,388.03

	ICD hospital costs

	Hospital costs procedure without complications
(Source: Private VERSION 5.1 Round 13 (2008-2009) Cost AR-DRG F01B; Weighting RAFT trial see Section B.6.3)
	$4315.00
	93.2%
	$4021.89

	Hospital costs procedure with complications
(Source: Private VERSION 5.1 Round 13 (2008-2009) Cost AR-DRG F01A; Weighting RAFT trial see Section B.6.3)
	$12,390.00
	6.8%
	$841.64

	Total weighted average ICD hospital costs (excluding prosthesis costs)
	$4,864.10


NB. Rounding applies
Abbreviations: AR–DRG, Australian Refined Diagnosis Related Groups; CRT-D, cardiac resynchronisation therapy device capable of defibrillation; ICD, implantable cardioverter-defibrillator
C.4.5 [bookmark: _Toc358710028][bookmark: _Toc358820672][bookmark: _Toc359248801]Cost of devices
The cost of the CRT-D and ICD devices are included on the prostheses list. Therefore, the cost of the devices would be covered by private health insurance companies and not by any State or Federal government health budget. Device costs for private patients are $67,415.23 for CRT-D and $57,071.69 for ICD.
[bookmark: _Toc358710118][bookmark: _Toc358820764][bookmark: _Toc359227879][bookmark: _Toc359248896]Table E‑5	Prostheses list costs for CRT-D and ICD
	Description
	Unit price ($)
	Quantity (no.)
	Cost

	CRT-D prostheses costs

	CRT-D generator (successful implantation)
	$51,141.76
	0.947
	$48,434.94

	ICD generator (where a CRTD cannot be placed)
	$46,808.89
	0.0529
	$2,477.50

	LV lead
	$6,240.00
	1
	$6,240.00

	Defibrillation lead
	$9,000.00
	1
	$9,000.00

	Pacemaker lead
	$1,262.80
	1
	$1,262.80

	Total CRT-D prostheses costs
	$67,415.23

	ICD prostheses costs

	ICD generator
	$46,808.89
	1
	$46,808.89

	Defibrillation lead
	$9,000.00
	1
	$9,000.00

	Pacemaker lead
	$1,262.80
	1
	$1,262.80

	Total ICD prostheses costs
	$57,071.69


NB. Rounding is applied
Abbreviations: CRT-D, cardiac resynchronisation therapy device capable of defibrillation; ICD, implantable cardioverter-defibrillator; LV, left ventricular
C.5 [bookmark: _Toc358710029][bookmark: _Toc358820673][bookmark: _Toc359248802]Estimated financial implications for the MBS
C.5.1 [bookmark: _Toc358710030][bookmark: _Toc358820674][bookmark: _Toc359248803]Cost to MBS in world without CRT-D
The cost to the MBS in the world without CRT-D is $204,513 in 2014, which is expected to increase to $269,787 in 2018 (Table E‑6).
[bookmark: _Ref358978913][bookmark: _Toc358710119][bookmark: _Toc358820765][bookmark: _Toc359227880][bookmark: _Toc359248897]Table E‑6	Cost to MBS in world without CRT-D
	Description
	2014
	2015
	2016
	2017
	2018

	Number of patients treated with ICD 
	183
	198
	212
	227
	242

	Cost of ICD per patient
	$1,117
	$1,117
	$1,117
	$1,117
	$1,117

	Total cost of ICD
	$204,513
	$220,831
	$237,150
	$253,468
	$269,787


NB. Rounding applies 
Abbreviations: CRT-D, cardiac resynchronisation therapy device capable of defibrillation; ICD, Implantable cardioverter defibrillator; MBS, Medicare Benefits Schedule
C.5.2 [bookmark: _Toc358710031][bookmark: _Toc358820675][bookmark: _Toc359248804]Cost to MBS in world with CRT-D
The cost to the MBS in the world with CRT-D is $278,485 in 2014, which is expected to increase to $367,369 in 2018 (Table E‑7).
[bookmark: _Ref358978906][bookmark: _Toc358710120][bookmark: _Toc358820766][bookmark: _Toc359227881][bookmark: _Toc359248898]Table E‑7	Cost to MBS in world with CRT-D
	Description
	2014
	2015
	2016
	2017
	2018

	Number of patients treated with CRT-D
	183
	198
	212
	227
	242

	Cost of CRT-D per patient
	$1,521
	$1,521
	$1,521
	$1,521
	$1,521

	Total cost of CRT-D
	$278,485
	$300,706
	$322,927
	$345,148
	$367,369


NB. Rounding applies 
Abbreviations: CRT-D, cardiac resynchronisation therapy device capable of defibrillation; MBS, Medicare Benefits Schedule
C.5.3 [bookmark: _Toc358710032][bookmark: _Toc358820676][bookmark: _Toc359248805]Net financial impact to the MBS
The net financial impact to the MBS is $73,972 in 2014 which is expected to increase to $97,582 in 2018 (Table E‑8).
[bookmark: _Ref358978893][bookmark: _Toc358710121][bookmark: _Toc358820767][bookmark: _Toc359227882][bookmark: _Toc359248899]Table E‑8	Net Cost to MBS 
	Description
	2014
	2015
	2016
	2017
	2018

	Total cost in world with CRT-D
	$278,485
	$300,706
	$322,927
	$345,148
	$367,369

	Total cost in world without CRT-D
	$204,513
	$220,831
	$237,150
	$253,468
	$269,787

	Net total cost to MBS
	$73,972
	$79,875
	$85,777
	$91,680
	$97,582


NB. Rounding applies 
Abbreviations: CRT-D, cardiac resynchronisation therapy device capable of defibrillation; MBS, Medicare Benefits Schedule
C.6 [bookmark: _Toc358710033][bookmark: _Toc358820677][bookmark: _Toc359248806]
Estimated financial implications for Government health budgets
C.6.1 [bookmark: _Toc358710034][bookmark: _Toc358820678][bookmark: _Toc359248807]Net financial impact to the PBS
As discussed above, all patients receiving ICD and CRT-D receive OMT. The drug regimen for ICD and CRT-D is assumed to be the same. Therefore, there are not expected to be additional costs to the PBS.
C.6.2 [bookmark: _Toc358710035][bookmark: _Toc358820679][bookmark: _Toc359248808]Net implications for state government health budgets
As discussed above, patients receiving ICD and CRT-D through the MBS are private patients. Therefore, hospital costs for these patients would be covered by private health insurance companies and not by any State or Federal government health budget. 
C.6.3 [bookmark: _Toc358710036][bookmark: _Toc358820680][bookmark: _Toc359248809]Net implications for private hospitals
The net financial impact to private hospitals is $96,114 in 2014 which is expected to increase to $126,791 in 2018 (Table E‑9).
[bookmark: _Ref358978885][bookmark: _Toc358710122][bookmark: _Toc358820768][bookmark: _Toc359227883][bookmark: _Toc359248900]Table E‑9	Net Cost to private hospitals
	Description
	2014
	2015
	2016
	2017
	2018

	Total cost in world with CRT-D
	$986,819
	$1,065,559
	$1,144,300
	$1,223,041
	$1,301,781

	Total cost in world without CRT-D
	$890,705
	$961,776
	$1,032,848
	$1,103,919
	$1,174,991

	Net total cost to private hospitals
	$96,114
	$103,783
	$111,452
	$119,122
	$126,791


NB. Rounding applies
Abbreviations: CRT-D, cardiac resynchronisation therapy device capable of defibrillation
C.6.4 [bookmark: _Toc358710037][bookmark: _Toc358820681][bookmark: _Toc359248810]Net implications for prostheses list
The net financial impact to the prostheses list is $1,894,090 in 2014 which is expected to increase to $2,498,626 in 2018 (Table E‑10). 
[bookmark: _Ref358978878][bookmark: _Toc358710123][bookmark: _Toc358820769][bookmark: _Toc359227884][bookmark: _Toc359248901]Table E‑10	Net Cost to prostheses list 
	Description
	2014
	2015
	2016
	2017
	2018

	Total cost in world with CRT-D
	$12,344,949
	$13,329,982
	$14,315,015
	$15,300,048
	$16,285,081

	Total cost in world without CRT-D
	$10,450,859
	$11,284,758
	$12,118,657
	$12,952,556
	$13,786,455

	Net total cost to prostheses list
	$1,894,090
	$2,045,224
	$2,196,358
	$2,347,492
	$2,498,626


NB. Rounding applies
Abbreviations: CRT-D, cardiac resynchronisation therapy device capable of defibrillation
C.6.5 [bookmark: _Toc358710038][bookmark: _Toc358820682][bookmark: _Toc359248811]Net implications for healthcare
The overall net financial impact to healthcare is presented in Table E‑11. The net financial impact to healthcare is $2,064,177 in 2014 which is expected to increase to $2,722,999 in 2018. The device costs incurred by private health insurers accounts for approximately 90% of the total net financial impact of reimbursing CRT-D in the newly proposed MBS indication.
[bookmark: _Ref358978808][bookmark: _Toc358710124][bookmark: _Toc358820770][bookmark: _Toc359227885][bookmark: _Toc359248902]Table E‑11	Net Cost to healthcare
	Description
	2014
	2015
	2016
	2017
	2018

	Net cost to the MBS
	$73,972
	$79,875
	$85,777
	$91,680
	$97,582

	Net cost to private hospitals
	$96,114
	$103,783
	$111,452
	$119,122
	$126,791

	Net cost to private insurers through prostheses list
	$1,894,090
	$2,045,224
	$2,196,358
	$2,347,492
	$2,498,626

	Net total cost to healthcare
	$2,064,177
	$2,228,882
	$2,393,588
	$2,558,293
	$2,722,999


NB. Rounding applies
Abbreviations: MBS, Medicare Benefits Schedule
C.7 [bookmark: _Toc358710039][bookmark: _Toc358820683][bookmark: _Toc359248812]
Identification, estimation and reduction of uncertainty
C.7.1 [bookmark: _Toc358710040][bookmark: _Toc358820684][bookmark: _Toc359248813]Number of patients receiving CRT-D
In the base-case analysis, it was estimated that 20% of patients receiving ICD through MBS item 38387 would receive CRT-D. To estimate the percentage of patients that would receive CRT-D, seven KOLs were asked to estimate the proportion of patients that are currently eligible to receive MBS item 38387 that would meet the criteria to receive CRT-D (NYHA class II patients with a LVEF of less than or equal to 30%, and a QRS duration of 150 ms or more). Responses ranged from 10% to less than 40%, with 20% the most common response. Therefore, 20% was used in the base case. For this analysis, the proportion of patients receiving MBS item 38387 that would receive CRT-D if it were reimbursed was increased to the upper range of response (40%) (Table E‑12) and decreased to the lower range of response (10%) (Table E‑13). 
The net financial impact to the MBS of increasing the percentage of patients receiving CRT-D to 40% is $147,945 in 2014 which is expected to increase to $195,164 in 2018.
[bookmark: _Ref358978845][bookmark: _Toc358710125][bookmark: _Toc358820771][bookmark: _Toc359227886][bookmark: _Toc359248903]Table E‑12	Financial impact of increasing the number of patients receiving CRT-D 
	Description
	2014	
	2015
	2016
	2017
	2018

	Total cost in world with CRT-D
	$556,970
	$601,412
	$645,854
	$690,296
	$734,737

	Total cost in world without CRT-D
	$409,025
	$441,662
	$474,299
	$506,936
	$539,574

	Net total cost to MBS
	$147,945
	$159,749
	$171,554
	$183,359
	$195,164


NB. Rounding applies
Abbreviations: CRT-D, cardiac resynchronisation therapy device capable of defibrillation; MBS, Medicare Benefits Schedule
The net financial impact to the MBS of decreasing the percentage of patients receiving CRT-D to 10% is $36,986 in 2014 which is expected to increase to $48,791 in 2018.
[bookmark: _Ref358978852][bookmark: _Toc358710126][bookmark: _Toc358820772][bookmark: _Toc359227887][bookmark: _Toc359248904]Table E‑13	Financial impact of decreasing the number of patients receiving CRT-D 
	Description
	2014
	2015
	2016
	2017
	2018

	Total cost in world with CRT-D
	$139,242
	$150,353
	$161,463
	$172,574
	$183,684

	Total cost in world without CRT-D
	$102,256
	$110,416
	$118,575
	$126,734
	$134,893

	Net total cost to MBS
	$36,986
	$39,937
	$42,889
	$45,840
	$48,791


NB. Rounding applies
Abbreviations: CRT-D, cardiac resynchronisation therapy device capable of defibrillation; MBS, Medicare Benefits Schedule
[bookmark: _Toc359248814]APPENDIX 1: CRT-D generators and leads included on the Australian Register of Therapeutic Goods
[bookmark: _Toc358835326][bookmark: _Toc359227888]Table A	CRT-D generators and leads included on the Australian Register of Therapeutic Goods
	Sponsor’s name
	Manufacturers name
	Device
	ARTG number

	CRT-D generators

	Biotronik Australia Pty Ltd
	Biotronik SE & Co KG
	Lumax 540 HF-T
	153974

	
	
	Lumax 740 HF-T
	195225

	Boston Scientific Pty Ltd
	Cardiac Pacemakers Inc
	COGNIS 100 HE DF1/IS1
	154033

	
	
	COGNIS 100 HE DF1/LV1
	154034

	
	
	COGNIS 100 HE GDT LLHH
	154035

	
	
	ENERGEN CRT-D - Model N142
	192553

	
	
	ENERGEN CRT-D - Model N143
	192554

	
	
	INCEPTA CRT-D - Model N162
	192555

	
	
	INCEPTA CRT-D - Model N163
	192556

	
	
	INCEPTA CRT-D - Model N165
	192557

	
	
	PUNCTUA CRT-D – Model N052
	193179

	
	
	PUNCTUA CRT-D – Model N053
	193180

	Medtronic Australasia Pty Ltd
	Medtronic Inc
	Concerto II CRT-D Model D294TRK
	162425

	
	
	Consulta CRT-D Model D234TRK
	154089

	
	
	Consulta CRT-D D 214TRM
	185553

	
	
	MAXIMO II CRT-D D264TRM
	190851

	
	
	Maximo II CRT-D Model D284TRK
	154092

	
	
	Protecta XT CRT-D D354TRM
	181996

	
	
	Protecta XT CRT-D D354TRG
	176435

	
	
	Protecta CRT-D Model D364TRG
	176439

	
	
	Protecta CRT-D DF 4 D364TRM
	202451

	
	
	VIVA XT CRT-D DTBA2D1
	203212

	
	
	VIVA XT CRT-D DTBA2D4
	203211

	
	
	VIVA S CRT-D DTBB2D1
	203210

	
	
	VIVA S CRT-D DTBB2D4
	203209

	
	
	Viva Quad S CRT-D DTBB2QQ 
	203841

	
	
	Viva Quad XT CRT-D DTBA2QQ 
	203840

	
	
	Brava CRT-D – Model DTBC2D4
	203842

	
	
	Brava CRT-D – Model DTBC2D1
	203843

	
	
	Brava Quad CRT-D – Model DTBC2QQ 
	203844

	Sorin Group Australia
	Sorin Biomedica Crm Srl
	Paradym CRT 8750
	163470

	St Jude Medical Australia Pty Ltd
	St Jude Medical Cardiac Rhythm Management Division USA
	Atlas II HF Model V-365
	136216

	
	
	Promote Accel RF Model CD3215
	158920

	
	
	Promote Accel Model CD3215-36Q
	170537

	
	
	Promote Quadra CD3237-40
	181842

	
	
	Promote Quadra CD3237-40Q
	181843

	
	
	Promote Quadra CD3239-40
	184879

	
	
	Promote Quadra CD3239-40Q
	184880

	
	
	Unify CRT-D CD3235-40Q
	171540

	
	
	Unify CRT-D CD3235-40
	171541

	
	
	Unify Quadra CD3251-40
	186715

	
	
	Unify Quadra CD3251-40Q
	186716

	
	
	Unify Quadra MP CD3255
	193896

	
	
	Unify Assura CD3261-40
	198823

	
	
	Quadra Assura CD3267-40
	198824

	
	
	Unify Assura CD3261-40Q
	202933

	
	
	Quadra Assura CD3267-40Q
	202939

	
	
	Quadra Assura CD3367-40
	207160

	
	
	Quadra Assura CD3367-40Q
	207161

	
	
	Quadra Assura CD3367-40C
	207159

	
	
	Quadra Assura CD3367-40QC
	207162

	
	
	Quadra Assura MP CD3371-40
	207163

	
	
	Quadra Assura MP CD3371-40Q
	207156

	
	
	Quadra Assura MP CD3371-40C
	207157

	
	
	Quadra Assura MP CD3371-40QC
	207158

	
	
	Unify Assura CD3361-40
	207200

	
	
	Unify Assura CD3361-40Q
	207198

	
	
	Unify Assura CD3361-40C
	207199

	
	
	Unify Assura CD3361-40QC
	207190

	ICD, pacemaker and left ventricular electrode leads

	Biotronik Australia Pty Ltd
	Biotronik SE & Co KG
	Corox OTW xx-UP Steroid
	119415

	
	
	Corox OTW (-S) xx-BP
	142124

	
	
	Corox OTW -L BP
	174958

	
	
	Dextrus Model 413x
	140309

	
	
	Linox SD xx/yy
	129076

	
	
	Linox TD xx/yy
	132892

	
	
	Linox S xx
	142174

	
	
	Linox T xx
	142175

	
	
	Linox Smart SD xx/yy
	167216

	
	
	Linox Smart TD xx/yy
	167217

	
	
	Linox smart S DX - Lead,
	191636

	
	
	Myopore Bipolar Sutureless Myocardial Pacing Lead
	159391

	
	
	MYOPORE Bipolar Sutureless Myocardial Pacing Lead
	194595

	
	
	Selox ST xx
	118361

	
	
	Selox JT xx
	118362

	
	
	Siello S xx
	170066

	
	
	Siello T xx
	170067

	
	
	Siello JT xx
	170068

	
	
	Safio S
	188217

	
	
	Setrox S xx
	129077

	Boston Scientific Pty Ltd
	Cardiac Pacemakers Inc
	ACUITY Models 4554,4555,4556
	126935

	
	
	Acuity Spiral Lead
	155274

	
	
	EASYTRAK IS-1
	112809

	
	
	EASYTRAK 3
	114811

	
	
	EASYTRAK 3 IS-1
	119321

	
	
	Easytrak 2
	99579

	
	
	EASYTRAK 2 IS-1
	112810

	
	
	Endotak Reliance G Passive Fixation Leads model 0174-0177
	116534

	
	
	Endotak Reliance SG Passive Fixation Leads models 0170-0173
	116535

	
	
	ENDOTAK RELIANCE SG LEADS
	119322

	
	
	ENDOTAK RELIANCE G LEADS
	119328

	
	
	Endotak Reliance Leads models 0147,0148,0149
	128708

	
	
	Endotak Reliance S Passive Fixation Implantable Lead
	165638

	
	
	Endotak Reliance Active Fixation Implantable Lead
	165639

	
	
	Endotak Reliance S Active Fixation Implantable Lead
	165640

	
	
	Endotak Reliance G Passive Fixation Implantable Lead
	165641

	
	
	Endotak Reliance SG Passive Fixation Implantable Lead
	165642

	
	
	Endotak Reliance Passive Fixation Implantable Lead
	165643

	
	
	Endotak Reliance G Active Fixation Implantable Lead
	165644

	
	
	Endotak Reliance SG Active Fixation Implantable Lead
	165645

	
	
	Endotak SQ Array XP Model 0085
	128625

	
	
	Fineline II Sterox Leads
	128060

	
	
	Flextend Models 4086, 4087, 4088
	129949

	
	
	Myopore Bipolar Sutureless Myocardial Pacing Lead
	161123

	
	
	Selute; Model 4185
	128826

	
	
	Selute Picotip VDD
	128827

	
	
	Selute Picotip Atrial J
	128828

	
	
	Selute Picotip; Model 4035
	128965

	Medtronic Australasia Pty
	Medtronic Inc
	5071 - Sutureless, unipolar, myocardial screw-in pacing lead
	136181

	
	
	Attain OTW Model 4194 Lead
	120254

	
	
	Attain StarFix Model 4195
	131306

	
	
	Attain Ability 4196
	151600

	
	
	Attain Ability Plus Model 4296
	178071

	
	
	Attain Ability Straight Model 4396
	178072

	
	
	Capsure Fix Novus Lead
	134286

	
	
	Capsure SP Novus Leads
	134288

	
	
	Capsure Sense Leads
	134289

	
	
	Capsure Sense Lead - Model 4074
	134331

	
	
	Capsure Sense Lead - Model 4574
	134426

	
	
	Capsure Z Novus Model 5554
	142167

	
	
	Capsure Z Novus Model 5054
	142168

	
	
	Capsure SP Novus Model 5092
	142170

	
	
	Capsure VDD-2 Model 5038
	142171

	
	
	Capsure Epi Lead - Model 4965
	134427

	
	
	Capsure Epi Leads
	134287

	
	
	CapsureFix Model 5568
	142169

	
	
	CapsureFix Novus Model 4076
	159822

	
	
	CapsureFix MRI Model 5086MRI
	165256

	
	
	Epicardial Patch 6721
	136183

	
	
	Implantable Subcutaneous Defibrillator Lead 6996SQ
	132315

	
	
	SelectSecure Model 3830
	131307

	
	
	Sprint Quattro Secure
	134290

	
	
	Sprint Quattro Model 6944
	142172

	
	
	Sprint Quattro Secure S Model 6935
	157536

	
	
	SPRINT QUATTRO SECURE Model 6947M DSP
	191092

	
	
	SPRINT QUATTRO SECURE Model 6947M DXAC/DSP
	191093

	
	
	Transvene SVC Lead Model 6937
	136182

	Pacing Importers Pty Ltd
	Oscor Inc
	Refino ER
	196633

	
	
	Refino ERJU
	196835

	
	
	Refino ERU
	196836

	Sorin Group Australia
	ELA Medical
	Petite ER
	178088

	
	
	Petite ERJB
	178409

	
	
	Physique ER
	178090

	
	
	PY2 ERU
	178083

	
	
	Refino ERU
	178089

	
	
	Refino ERJU
	178410

	St Jude Medical Australia Pty Ltd
	St Jude Medical Cardiac Rhythm Management Division USA
	Durata Lead Model 7120
	159843

	
	
	Durata Lead Model 7171
	159844

	
	
	Durata Lead Model 7121
	159845

	
	
	Durata Lead Model 7122
	159846

	
	
	Durata Lead Model 7131
	159847

	
	
	Durata Lead Model 7130
	159848

	
	
	Durata Lead Model 7170
	159849

	
	
	Durata Lead model 7120Q
	170589

	
	
	Durata Lead model 7121Q
	170590

	
	
	Durata Lead model 7122Q
	170591

	
	
	Durata Lead model 7170Q
	170592

	
	
	Durata Lead model 7171Q
	170593

	
	
	Durata Lead model 7172Q
	170594

	
	
	IsoFlex Lead Model 1944
	159532

	
	
	IsoFlex Lead Model 1948
	159533

	
	
	MRI Conditional Tendril Lead LPA1200M
	193132

	
	
	Myodex Lead Model 1084T
	145900

	
	
	OptiSense Lead Model 1999
	159534

	
	
	QuickFlex Lead Model 1258T
	161391

	
	
	QuickFlex XL 1158T
	153165

	
	
	QuickFlex Lead 1156T	
	153166

	
	
	QuickSite Lead Model 1056K
	120366

	
	
	Quartet Model 1458Q Lead
	171332

	
	
	Tendril SDX Pacing Lead Model 1688TC
	116571

	
	
	Tendril ST Model 1882TC Lead
	143300

	
	
	Tendril ST Model 1888TC Lead
	143301

	
	
	Tendril STS Lead Model 2088TC
	170587


Source: Australian Register of Therapeutic Goods: http://www.tga.gov.au/industry/artg-searching.htm  


[bookmark: _Ref358817038][bookmark: _Toc359248815]APPENDIX 2: CRT-D generators and leads included on the prostheses List
[bookmark: _Toc358835327][bookmark: _Toc359227889]Table B	CRT-D generators and leads include on the Prostheses List 
	Sponsor
	Billing code
	Product name
	Description
	Min benefit ($)

	CRT-D generators 

	Cardiac Prostheses Group 8.3.1 - Dual Chamber, Bivent pacing, Vent tachyarrhythmia treatment, programming enabling variation L vent & R vent stimulation timing & independent outputs

	Biotronik Australia Pty Ltd
	BT102
	Lumax 540 HF-T
	High Energy, Three Chamber ICD (Implantable Cardiac Defibrillator) with Advanced Patient Management Via unique Home Monitoring Technology incorporating Automatic RV/LV Threshold Monitoring and Extended Longevity.
	47,840.00

	
	BT128
	Lumax 740 HF-T 
	CRT-ICD with 40J output with Advanced Patient Management, Home Monitoring, automatic right and left ventricular Threshold Monitoring and Extended Longevity
	47,840.00

	Boston Scientific Australia Pty Ltd
	BS138
	COGNIS 100 HE 4-SITE
	CRT-D high energy with RF IS4
	48,590.00

	
	BS139
	COGNIS 100 HE (DF-1/IS-1 & DF-1/LV-1)
	CRT-D high energy with RF
	47,840.00

	
	BS202
	ENERGEN DF-4 CRT-D
	High energy CRT-D with DF-4 RV connector and IS-1 LV connector
	48,590.00

	
	BS203
	ENERGEN CRT-D
	High energy CRT-D with DF-1 RV connector and IS-1 LV connector
	47,840.00

	
	BS205
	INCEPTA DF-4 CRT-D
	High energy CRT-D with DF-4 RV connector and lS-1 LV connector
	48,590.00

	
	BS209
	INCEPTA CRT-D
	High energy CRT-D with DF-1 RV connector & lS-1 (N163) or LV-1 (N165) LV connector
	47,840.00

	Cardiac Prostheses Group 8.3.2 - Features of 8.3.1 plus auto test sensing parameters, auto capture threshold test, lead impedance test, wireless remote analysis

	Medtronic Australasia Pty Ltd
	MC812
	Consulta CRT-D Model D234TRK
	Fully Automatic, Wireless Implantable cardioverter defibrillator with cardiac resynchronization therapy (CRT), and therapies for ventricular and atrial tachyarrhythmia
	52,000.00

	
	MC983
	Consulta CRT-D Model D214TRM
	Fully Automatic, Wireless Implantable cardioverter defribillator with cardiac resynchronization therapy (CRT), and therapies for ventrilcular and atrial tachyarrhythmia. DF-4 lead connector.
	52,750.00

	
	MI017
	Protecta XT CRT-D D354TRG
	Implantable Cardioverter Defibrillator with Cardiac Resynchronisation therapy, SmartShock Technology, OptiVol 2.0 Fluid Status Monitoring and Complete Capture Management Specifications (DF-1)
	52,000.00

	
	MI026
	Protecta XT CRT-D D354TRM
	Implantable Cardioverter Defibrillator with Cardiac Resynchronisation therapy, SmartShock Technology, OptiVol 2.0 Fluid Status Monitoring and Complete Capture Management Specifications (DF-4)
	52,750.00

	
	MI069
	VIVA XT CRT-D DTBA2D1
	Implantable Cardioverter Defibrillator with Cardiac Resynchronisation therapy, SmartShock Technology, OptiVol 2.0 Fluid Status Monitoring, Complete Capture Management Specifications (DF1), and AdaptivCRT
	52,000.00

	
	MI070
	VIVA XT CRT-D DTBA2D4
	Implantable Cardioverter Defibrillator with Cardiac Resynchronisation therapy, SmartShock Technology, OptiVol 2.0 Fluid Status Monitoring, Complete Capture Management Specifications (DF4), and AdaptivCRT
	52,750.00

	
	MI071
	VIVA S CRT-D DTBB2D1
	Implantable Cardioverter Defibrillator with Cardiac Resynchronisation therapy, SmartShock Tehnology, OptiVol 2.0 Fluid Status Monitoring and Complete Capture Management Specifications (DF1)
	52,000.00

	
	MI072
	VIVA S CRT-D DTBB2D4
	Implantable Cardioverter Defibrillator with Cardiac Resynchronisation therapy, SmartShock Tehnology, OptiVol 2.0 Fluid Status Monitoring and Complete Capture Management Specifications (DF4)
	52,750.00

	Sorin Group Australia Pty Ltd
	SA145
	PARADYM CRT-D 8750
	Implantable Cardioverter Defibrillator with Cardiac Resynchronisation therapy, High Energy
	47,840.00

	
	SA158
	PARADYM RF CRT-D 9750 

	Implantable Cardioverter Defibrillator, for resyncronisation of heart failure, high output extended longevity and home monitoring.
	52,000.00

	
	SA159
	PARADYM RF CRT-D SonR 9770
	Implantable Cardioverter Defibrillator for resyncronisation of heart failure, high output, extended longevity and home monitoring, and in conjunction with a dedicated atrial lead with SonR sensor provides automatic adjustment
of AV/VV delays for optimisation of resynchronisation therapy.
	52,000.00

	St Jude Medical Australia Pty Ltd
	SJ145
	Promote Accel CD3215-30
	Cardiac Resynchronisation Therapy Defibrillator with RF Telemetry
	49,760.00

	
	SJ150
	Promote Accel RF CD3215-36
	Cardiac Resynchronisation Therapy Defibrillator with RF Telemetry
	52,000.00

	
	SJ236
	Promote Accel CD3215-36Q
	Cardiac Resynchronisation Therapy Defibrillator with RF Telemetry and SJ4 connector
	52,750.00

	
	SJ244
	Unify CRT CD3235-40Q
	Cardiac Resynchronisation Therapy Defibrillator with 40J delivered energy and SJ4 connector
	52,750.00

	
	SJ246
	Unify CRT CRT CD3235-40
	Cardiac Resynchronisation Therapy Defibrillator with 40J delivered energy 
	52,000.00

	
	SJ252
	Promote Quadra CRT CD3239-40Q
	Cardiac Resynchronisation Therapy Defibrillator with 40J delivered energy and VectSelect Quartet Programmable LV pulse configuration and SJ 4 connector
	52,750.00

	
	SJ253
	Promote Quadra CRT CD3239-40
	Cardiac Resynchronisation Therapy Defibrillator with 40J delivered energy and VectSelect Quartet Programmable LV pulse configuration
	52,000.00

	
	SJ271
	Unify Quadra CRT CD 3251-40
	Cardiac Resynchronisation Therapy Defibrillator with 40J delivered plus Quadripolar pacing
	52,000.00

	
	SJ272
	Unify Quadra CRT CD 3251-40Q
	Cardiac Resynchronisation Therapy Defibrillator with 40J delivered energy with quadripole pacing and SJ4 connector
	52,750.00

	
	SJ281
	Promote Quadra CRT CD3237-40
	Cardiac Resynchronisation Therapy Defibrillator with 40J delivered energy, VectSelect Quartet Programmable LV pulse configuration and Multisite Pacing
	52,000.00

	
	SJ282
	Promote Quadra CD3237-40Q
	Cardiac Resynchronisation Therapy Defibrillator with 40J delivered energy and VectSelect Quartet Programmable LV pulse configuration plus Multisite Left Ventricular Pacing and SJ4 connector.
	52,750.00

	
	SJ298
	Quadra Assura CD3267-40
	Cardiac Resynchronisation Therapy Defibrillator with 40J delivered and Multisite Left Ventricular Pacing and Quadripolar pacing
	52,000.00

	
	SJ301
	Unify Assura CD3261-40
	Cardiac Resynchronisation Therapy Defribrillator with 40J delivered energy
	52,000.00

	
	SJ312
	Quadra Assura CD3267-40Q
	Cardiac Resynchronisation Therapy Defribrillator with 40J delivered energy, Multisite Left Ventricular Pacing plus Quadripolar pacing and SJ4 connector
	52,750.00

	
	SJ314
	Unify Assura CD3261-40Q
	Cardiac Resynchronisation Therapy Defribrillator with 40J delivered energy and SJ4 connector
	52,750.00

	ICD leads

	Cardiac Prostheses Group 7.7.5 - Transvenous/steroid/passive leads

	Biotronik Australia Pty Ltd
	BT092
	Linox TD
	Fractal and steroid coated passive fixation quadripolar ICD lead
	9,000.00

	
	BT093
	Linox T
	Single-shock coil ICD lead with passive fixation
	9,000.00

	
	BT119
	Linox SMART TD
	Dual-shock coil ICD lead with passive fixation and hydrophilic coating on lead body
	9,000.00

	
	BT137
	VIGILA 1 CT
	Single-shock coil ICD lead with
passive fixation
	9,000.00

	Boston Scientific Australia Pty Ltd
	BS170
	Endotak Reliance S 4-SITE
	Passive fixation single coil defibrillation leads & 4-SITE connector
	9,000.00

	
	BS180
	Endotak Reliance G 4-SITE
	Passive fixation dual coil defibrillation leads with ePTFE covered coils & 4-SITE connector
	9,000.00

	
	BS181
	Endotak Reliance SG 4-SITE
	Passive fixation single coil defibrillation leads with ePTFE covered coil & 4-SITE connector
	9,000.00

	
	BS183
	Endotak Reliance 4-SITE
	Passive fixation dual coil defibrillation leads with 4-SITE connector
	9,000.00

	Guidant Australia Pty Ltd
	GU115
	Endotak Reliance Lead
	Passive Dual Coil
	9,000.00

	
	GU158
	Endotak Reliance SG Passive
	Passive Single Coil with GORE ePTFE covered coil
	9,000.00

	
	GU159
	Endotak Reliance G Passive
	Passive Dual Coil with GORE ePTFE covered coil
	9,000.00

	Medtronic Australasia Pty Ltd
	MC002
	Medtronic Sprint Quattro Lead Model 6944RV/SVC 65cm; Model 6944RV/SVC 75cm; or Model 6944RV/SVC 100cm; Medtronic Sprint Quattro Lead Model 6944RV/SVC 58cm
	Silicone and polyurethane
	9,000.00

	St Jude Medical Australia Pty Ltd
	SJ158
	Durata 7170, 7171
	Passive fixation, true bipolar, dual coil, steroid eluting, endocardial defibrillation leads with Optium insulation overlay
	9,000.00

	
	SJ245
	Durata 7170Q, 7171Q and 7172Q
	7170Q/7171Q - passive fixation, bipolar, dual coil, 7172Q - passive fixation, bipolar - single coil steroid eluting endocardial defibrillation leads with Optim insulation overlay and SJ4 quadripolar lead connector
	9,000.00

	Cardiac Prostheses Group 7.7.6 - Transvenous/steroid/active leads

	Biotronik Australia Pty Ltd
	BT084
	Linox SD
	Fractal coated and steroid electrode, active fixation quadrapolar
	9,000.00

	
	BT096
	Linox S
	Active fix RV bipolar fractal coated steroid IC lead
	9,000.00

	
	BT120
	Linox SMART SD
	Dual-shock coil ICD lead with active fixation helix and hydrophilic coating on lead body
	9,000.00

	
	BT125
	Linox SMART SD X
	LinoxSmart S DX pentapolar, singlecoil ICD lead with floating atrial dipole. Permanent, transvenous implantation in the right ventricle.
	9,000.00

	
	BT134
	VIGILA 2 CR
	Fractal coated and steroid electrode, active fixation quadrapolar

	9,000.00

	
	BT140
	VIGILA 1 CR 
	Single shock coil ICD lead with active fixation, fractal coating and steroid elution
	9,000.00

	
	BT142
	VIGILA 2 CT
	Fractal coated and steroid electrode,
active fixation, quadrapolar

	9,000.00

	Boston Scientific Australia Pty Ltd
	BS174
	Endotak Reliance SG 4-SITE
	Active fixation single coil defibrillation leads with ePTFE covered coil & 4-SITE connector.
	9,000.00

	
	BS178
	Endotak Reliance 4-SITE
	Active fixation dual coil defibrillation leads with 4-SITE connector
	9,000.00

	
	BS179
	Endotak Reliance S 4-SITE
	Active fixation single coil defibrillation leads & 4-SITE connector
	9,000.00

	
	BS182
	Endotak Reliance G 4-SITE
	Active fixation dual coil defibrillation leads with ePTFE covered coils & 4-SITE connector
	9,000.00

	Guidant Australia Pty Ltd
	GU163
	ENDOTAK RELIANCE G Active
	Active Dual Coil with GORE ePTFE covered coils
	9,000.00

	
	GU164
	ENDOTAK RELIANCE SG Active
	Active Single coil with GORE ePTFE covered coils
	9,000.00

	Medtronic Australasia Pty Ltd
	MC208
	Medtronic Sprint Quattro Secure Lead Model 6947 58cm; Model 6947 65cm; Model 6947 75cm; Model 6947 100cm
	Leads, Defibrillator, Implantable, Silicone, polyurethane, platinised tantalum coils, steroid eluting tip
	9,000.00

	
	MC834
	Sprint Quattro Secure S
	Model 6935, Active Fixation Single Coil Defibrillation Lead
	9,000.00

	
	MI033
	Sprint Quattro Secure 6947M Lead
	Active fixation, true bipolar, dual coil defibrillation leads with silicone backfill and DF-4 connector
	9,000.00

	St Jude Medical Australia Pty Ltd
	SJ157
	Durata 7120, 7121, 7122, 7130, 7131
	Active fixation bipolar, dual-coil/single coil Steroid-eluting Endocardial Defibrillation Leads
	9,000.00

	
	SJ230
	Durata 7120Q, 7121Q and 7122Q
	7120/1Q - Active fixation, true bipolar; 7122Q - Active fixation true bipolar - single coil steroid eluting endocardial defibrillation leads with Optim insulation overlay and SJ4 quadripolar lead connector
	9,000.00

	Left ventricular leads

	Cardiac Prostheses Group 8.8.11 - Transvenous, Multi-Polar, Passive, Steroid, Left Ventricular

	Biotronik Australia Pty Ltd
	BT095
	Corox OTW BP; Corox OTW-S BP
	Bipolar, steroid eluting coronary sinus pacing lead with fractal coating
	6,240.00

	
	BT121
	Corox OTW-L BP
	Corox OTW-L BP is a bipolar coronary sinus lead, intended for permanent implantation in the venous system and left ventricular pacing with appropriate single or multi chamber cardiac pacemakers or ICDs as part of cardiac resynchornisation therapy (CRT)
	6,240.00

	
	BT135
	CELERITY PILOT
	Bipolar, steroid eluting coronary sinus pacing lead with fractal coating
	6,240.00

	
	BT136
	CELERITY 2D, CELERITY 3D
	Bipolar, steroid eluting coronary sinus pacing lead with fractal coating. 2D preshaped curved distal end; 3D preshaped helix distal end
	6,240.00

	Guidant Australia Pty Ltd
	GU138
	Easytrak 2, Model 4514, 4515, 4516, 4517, 4518, 4519, 4520
	Bipolar, passive fixation
	6,240.00

	
	GU153
	Easytrak 2 Is-1 Lead - Models 4542, 4543 & 4544
	Bipolar, passive fixation
	6,240.00

	
	GU156
	Easytrak 3 Lead - Models 4521, 4522, 4523, 4524, 4525, 4526 and 4527
	Bipolar, passive fixation
	6,240.00

	
	GU162
	Easytrak 3 IS-1 Lead
	Bipolar, passive fixation
	6,240.00

	
	GU165
	Acuity Steerable Lead
	Bipolar, passive fixation
	6,240.00

	Medtronic Australasia Pty Ltd
	MC699
	Attain OTW Model 4194 Lead
	Model 4194
	6,240.00

	
	MC811
	Attain Ability 4196 LV Lead
	Over the wire dual electrode left ventricular lead
	6,240.00

	
	MI013
	Attain Ability Plus 4296
	Over the wire electrode left ventricular lead
	6,240.00

	
	MI014
	Attain Ability Straight 4396
	Over the wire dual left ventricular lead
	6,240.00

	St Jude Medical Australia Pty Ltd
	SJ208
	Quick Flex µ 1258T
	4F Bipolar Left Ventricular Pacing Lead
	6,240.00

	
	SJ243
	Quartet 1458Q
	Quadripolar, Left Ventricular Pacing Lead with Optim Lead Insulation
	6,240.00

	Pacemaker leads

	Cardiac Prostheses Group 8.8.8 - Transvenous, Bi-Polar, Passive, Steroid, Right Ventricular/Atrial

	Biotronik Australia Pty Ltd
	BT066
	Selox ST
	Transvenous Bipolar Passive Steroid Ventricular Pacing Lead, fractal coated
	1,248.00

	
	BT067
	Selox JT
	Sub 6F, steroid-eluting, transvenous, endocardial, bipolar passive-fixation lead that carries a J-shaped distal end
	1,248.00

	
	BT117
	Siello JT
	Sub 6F, steroid-eluting, transvenous, endocardial, bipolar passive-fixationlead that carries a J-shaped distal end
	1,248.00

	
	BT118
	Siello T
	Sub 6F, steroid-eluting, transvenous, endocardial, bipolar passive-fixation lead
	1,248.00

	
	BT138
	TILDA T 

	Bipolar, passive fixation, steroid eluting pacing lead with fractal coating
	1,248.00

	
	BT141
	TILDA JT 
	Bipolar, passive fixation, steroid eluting pacing lead with fractal coating and J-shape
	1,248.00

	Guidant Australia Pty Ltd
	GU009
	Fineline II Sterox IROX Lead
	Bipolar passive fixation
	1,248.00

	
	GU011
	Fineline II Sterox IROX Lead
	Bipolar passive fixation
	1,248.00

	
	GU012
	Fineline II Sterox IROX Lead
	Bipolar, passive fixation
	1,248.00

	
	GU028
	Guidant Aust Selute Picotip VDD Lead
	VDD bipolar, passive fixation
	1,544.00

	Medtronic Australasia Pty Ltd
	MC010
	Medtronic Capsure SP Novus Model
5092
	Bipolar, steroid, passive fixation pacing lead
	1,248.00

	
	MC229
	Medtronic Capsure SP Novus Model 5594 Lead
	Bipolar, steroid, passive fixation pacing lead
	1,248.00

	
	MC336
	Medtronic Capsure Z Novus Model 5054 Pacing Lead
	Silicone; Contents: 1 x lead with anchoring sleeve, stylet & guide, 1 x vein lifter, 2 x fixation tools, extra stylets
	1,248.00

	
	MC337
	Medtronic Capsure Z Novus Model
5554 Pacing Lead
	Silicone; Contents: 1 x lead with anchoring sleeve, stylet & guide, 1 x vein lifter, 2 x fixation tools, extra stylets
	1,248.00

	
	MC372
	CapSure Sense pacemaker lead Models 4074 & 4574
	Bipolar, steroid, passive fixation pacing lead
	1,248.00

	
	MC052
	Medtronic Capsure VDD2 Model 5038 AV Pacing Lead
	Silicone; Contents: 1 x lead with anchoring sleeve, stylet & guide, 1 x vein lifter, 2 x fixation tools, extra stylets
	1,544.00

	Pacing Importers Pty Ltd - Life Systems
	PI023 
	Refino ER Series
	Passive fixation, bi-polar, permanent pacing leads with a steroid eluting ring

	1,248.00

	Sorin Group Australia Pty Ltd
	SA152
	Refino ER Series
	Steroid eluting passive fixation pacing lead.  Permanent pacing lead, Model Refino ER, is indicated for the pacing and sensing of the ventricle.  This permanent pacing lead is used in conjunction with an IS-1 compatible implantable pulse generator (pacemaker).  Permanent pacing leads, Models Refino ERJ and ERJU are indicated for the pacing and sensing of the atrium.  This permanent pacing lead is used in conjunction with and IS-1 compatible implantable pulse generator (pacemaker).
	1,248.00

	
	SA154
	Petite ER Series
	Steroid eluting passive fixation pacing lead. Permanent pacing lead, Petite ER series, is indicated for the pacing and sensing of the ventricle.  This permanent pacing lead is used in conjunction with an IS-1 compatible implantable pulse generator (pacemaker). Permanent pacing lead, Petite ERJ series, is indicated for the pacing and sensing of the atrium.  This permanent pacing lead is used in conjunction with an IS-1 compatible implantable pulse generator (pacemaker).
	1,248.00

	St Jude Medical Australia Pty Ltd
	SJ146
	Isoflex 1944T & 1948T
	Passive-Fixation, Bipolar, Steroid Eluting, Endocardial Pacing Lead with Optim insulation
	1,248.00

	Cardiac Prostheses Group 8.8.9 - Transvenous, Bi-Polar, Active, Steroid, Right Ventricular/Atrial

	Biotronik Australia Pty Ltd
	BT083
	Setrox S 
	Bipolar active fixation lead with fractal
coated and steroid eluting electrode
	1,248.00

	
	BT097
	Dextrus (marketed by Boston Scientific)
	Bipolar, silicone, active fixation, steroid eluting, pacing lead
	1,248.00

	
	BT116
	Siello S
	Bipolar active fixation lead with fractal coated and steroid eluting electrode
	1,248.00

	
	BT123
	Safio S
	Steroid eluting active fixation pacemaker lead with an electrically active extendable/ retractable screw for fixating the lead in the myocardium. The lead body is insulated in Silicone. The entire lead is conditionally safe to be used in a MRI system.
	1,248.00

	
	BT139
	TILDA R
	Bipolar active fixation lead with fractal
coated and steroid eluting electrode
	1,248.00

	Guidant Australia Pty Ltd
	GU013
	Fineline II EZ Sterox IROX Lead
	Bipolar, active fixation
	1,248.00

	
	GU016
	Fineline II EZ Sterox IROX Lead
	Bipolar, active fixation
	1,248.00

	
	GU122
	Flextend Lead Models 4086, 4087 & 4088
	Bipolar, active fixation
	1,248.00

	Medtronic Australasia Pty Ltd
	MC008
	Medtronic Capsurefix Model 5568 Pacing Leads
	Bipolar, steroid, active fixation pacing lead
	1,215.00

	
	MC301
	Model 3830 PACING LEADS
	Active fixation pacemaker  lead, Composition: Insulation is  polyurethane, Electrodes are Titanium  Nitride coated Platinum, the screw is  steroid-coated
	2,600.00

	
	MC338
	Medtronic Capsurefix Novus Model 5076 Pacing Lead
	Silicone; Contents: 1 x lead with anchoring sleeve, stylet & guide, 1 x vein lifter, 2 x fixation tools, extra stylets
	1,248.00

	
	MC833
	CapSureFix Novus Model 4076 Pacing Lead
	Active fixation pacemaker lead
	1,248.00

	
	MC936
	CapSure Fix MRI Pacing Lead
	Model 5086, MRI Conditional
	1,248.00

	Sorin Group Australia Pty Ltd
	SA151
	Physique ER Series
	Steroid eluting active fixation pacing lead.  Permanent pacing lead, Model Physique ER is indicated for the pacing and sensing of the ventricle or atrium. This permanent pacing lead is used in conjunction with a compatible implantable pulse generator. Permanent pacing lead, Model Physique ERJ is indicated for the pacing and sending of the atrium. This permanent pacing lead is used in conjunction with a compatible implantable pulse generator (pacemaker) IS-1
	1,248.00

	
	SA153
	PY2-ER Series
	Steroid eluting active fixation pacing lead. Permanent pacing lead PY2-ER series, is indicated for pacing and sensing of the ventricle and/or atrium of the heart. This lead is used in conjunction with a compatible implantable pulse generator (Pacemaker)
	1,248.00

	St Jude Medical Australia Pty Ltd
	SJ073
	Tendril SDX Models 1688TC
	Endocardial Steroid-Eluting Active Fixation Pacing Lead
	1,248.00

	
	SJ129
	Tendril ST 1888TC and 1882TC
	Endocardial Bi-polar Steroid-Eluting Active Fixation Pacing Leads
	1,248.00

	
	SJ151
	OptiSense Model 1999
	Active-Fixation Bipolar, Steroid Eluting, endocardial, atrial pacing lead with Optim insulation
	1,248.00

	
	SJ238
	Tendril STS 2088TC
	Endocardial Bi-polar Steroid-Eluting Additive Fixation Pacing Leads
	1,248.00

	
	SJ270
	Tendril MRI LPA 1200M
	The Tendril MRI™ lead, Model LPA1200M, is an MR Conditional, bipolar, steroid-eluting, active fixation implantable pacing lead with Optim™ insulation.
	1,248.00


Source: Prostheses List (February 2013) http://www.health.gov.au/internet/main/publishing.nsf/Content/prostheses-list-pdf.htm


[bookmark: _Ref358817157][bookmark: _Toc359248816]APPENDIX 3: Overview of systematic reviews identified in literature search
	Meta-analysis
	Studies included in analyses
	N
	Intervention
	Comparator
	Comparator
	NYHA Class
	Mean QRS Duration (ms)

	
	RAFT
	1798
	CRT+ICD
	ICD
	 - 
	II-III
	157

	
	MADIT-CRT
	1820
	CRT+ICD
	ICD
	 - 
	I-II
	65%>150

	Adabag (2011)
	REVERSE
	610
	CRT+ICD
	ICD
	 - 
	I-II
	154

	
	MIRACLE ICD II
	186
	CRT+ICD
	ICD
	 - 
	II
	165

	
	CONTAK CD†
	581
	CRT+ICD
	ICD
	 - 
	II-IV
	N/A

	Al-Majed (2011) 
	RAFT
	1798
	CRT+ICD
	ICD
	 - 
	II-III
	157

	
	MADIT-CRT
	1820
	CRT+ICD
	ICD
	 - 
	I-II
	65%>150

	
	REVERSE
	610
	CRT+ICD
	ICD
	 - 
	I-II
	154

	
	MIRACLE ICD II
	186
	CRT+ICD
	ICD
	 - 
	II
	165

	
	Greater-EARTH‡
	121
	BIV First (+ICD)
	LV First (+ICD)
	 -
	I-III
	153-157

	
	van Geldrop et al (2010)‡
	37
	CRT First
	RV First
	 -
	I-III
	193-196

	Bertoldi (2011) 
	MUSTIC SR, 2001‡
	58
	CRT on
	CRT off
	 - 
	III
	176

	
	MUSTIC A, 2002‡
	43
	CRT on
	CRT off
	 - 
	III
	209

	
	MIRACLE, 2002‡
	453
	CRT+MT
	MT
	 - 
	III-IV
	166

	
	CONTAK CD, 2003†
	581
	CRT+ICD
	ICD
	 - 
	II-IV
	N/A

	
	MIRACLE ICD, 2003§
	369
	CRT+ICD
	ICD
	 - 
	III-IV
	164

	
	MIRACLE ICD II, 2004
	186
	CRT+ICD
	ICD
	 - 
	II
	165

	
	COMPANION, 2004
	1520
	CRT+ICD
	ICD
	MT
	II-IV
	160

	
	CARE HF, 2005‡
	813
	CRT+MT
	MT
	 - 
	III-IV
	160

	
	HOBIPACE, 2006‡
	33
	CRT
	MY
	 - 
	I-IV
	174

	
	REVERSE, 2008
	610
	CRT+ICD
	ICD
	 - 
	I-II
	154

	
	MADIT-CRT, 2009
	1820
	CRT+ICD
	ICD
	 - 
	I-II
	65%>150

	
	RAFT, 2010
	1798
	CRT+ICD
	ICD
	 - 
	II-III
	157

	Chen (2012) 
	MIRACLE ICD, 2003§
	369
	CRT+ICD
	ICD
	 - 
	III-IV
	164

	
	CONTAK CD†
	581
	CRT+ICD
	ICD
	 - 
	II-IV
	N/A

	
	MIRACLE ICD II
	186
	CRT+ICD
	ICD
	 - 
	II
	165

	
	REVERSE, 2008
	610
	CRT+ICD
	ICD
	 - 
	I-II
	154

	Lubitz (2010) 
	MADIT-CRT
	1820
	CRT+ICD
	ICD
	 - 
	I-II
	65%>150

	
	REVERSE
	610
	CRT+ICD
	ICD
	 - 
	I-II
	154

	Santangeli (2011) 
	RAFT
	1798
	CRT+ICD
	ICD
	 - 
	II-III
	157

	
	MADIT-CRT
	1820
	CRT+ICD
	ICD
	 - 
	I-II
	65%>150

	
	REVERSE
	610
	CRT+ICD
	ICD
	 - 
	I-II
	154

	
	MIRACLE ICD II
	186
	CRT+ICD
	ICD
	 - 
	II
	165

	
	CONTAK CD†
	581
	CRT+ICD
	ICD
	 - 
	II-IV
	N/A

	Tu (2011) 
	RAFT
	1798
	CRT+ICD
	ICD
	 - 
	II-III
	157

	
	MADIT-CRT
	1820
	CRT+ICD
	ICD
	 - 
	I-II
	65%>150

	
	REVERSE
	610
	CRT+ICD
	ICD
	 - 
	I-II
	154

	
	MIRACLE ICD II
	186
	CRT+ICD
	ICD
	 - 
	II
	165

	
	CONTAK CD†
	581
	CRT+ICD
	ICD
	 - 
	II-IV
	N/A

	
	Greater-EARTH‡
	121
	BIV First (+ICD)
	LV First (+ICD)
	 -
	I-III
	153-157

	
	van Geldrop et al (2010) ‡
	37
	CRT First
	RV First
	 -
	I-III
	193-196

	
	CARE HF, 2005‡
	813
	CRT+MT
	MT
	 - 
	III-IV
	160

	Wells (2011) 
	Lozano 2000†
	222
	CRT+ICD
	ICD (cross over)
	 -
	I-IV
	NR

	
	MIRACLE ICD, 2003§
	369
	CRT+ICD
	ICD
	 - 
	III-IV
	164

	
	MIRACLE ICD II, 2004
	186
	CRT+ICD
	ICD
	 - 
	II
	165

	
	RHYTHM-ICD§
	178
	CRT+ICD
	ICD
	 - 
	I-IV
	168

	
	REVERSE, 2008
	610
	CRT+ICD
	ICD
	 - 
	I-II
	154

	
	MADIT-CRT, 2009
	1820
	CRT+ICD
	ICD
	 - 
	I-II
	65%>150

	
	RAFT, 2010
	1798
	CRT+ICD
	ICD
	 - 
	II-III
	157

	Zareba (2010) 
	REVERSE, 2008
	610
	CRT+ICD
	ICD
	 - 
	I-II
	154

	
	MADIT-CRT, 2009
	1820
	CRT+ICD
	ICD
	 - 
	I-II
	65%>150

	
	RAFT, 2010
	1798
	CRT+ICD
	ICD
	 - 
	II-III
	157


†Excluded due to wrong study type (cross over)
‡Excluded due to wrong intervention/comparator
§Excluded due to wrong patient population (NYHA not I-II or patient population with less than 10)
BIV,  biventricular; CRT, cardiac resynchronization therapy; ICD, implantable cardioverter-defibrillator;  LV,  left ventricular; MT, medical therapy; NA, not available; NR, not reported; NYHA, New York Heart Association; RV,  right ventricular



[bookmark: _Toc359248817]APPENDIX 4: Literature search for utility weight estimates
A comprehensive literature search was conducted to identify preference-based utility weights applicable to the proposed MBS population (see Table C). This search specifically aimed to identify publications that described preference-based utility weight estimates that were applicable to patients with chronic heart failure, were applicable to adverse outcomes (e.g. hospitalisation for heart failure), or were representative of differing levels of CRT-D or ICD treatment response. 
[bookmark: _Toc358835328][bookmark: _Toc359227890]Table C	Literature search strategy
	Database
	Search terms
	Citations retrieved
	Final number of citations, excluding duplicates

	EMBASE.com 
(includes Medline and EMBASE 1966 to present)
(searched 9 April 2013)
	#1
	#theultimategenericutilitysearchv2 (#9)'cost utility analysis'/exp OR 'cost utility analysis' OR 'cost utility'/exp OR 'cost utility' OR 'standard gamble' OR 'time trade off' OR 'time tradeoff' OR 'qaly'/exp OR 'qaly' OR 'quality adjusted life years'/exp OR 'quality adjusted life years' OR 'preference weights' OR 'preference based health related quality of life' OR 'preference based hrqol' OR 'cost utilities' OR 'utility weight' OR 'utility weights' OR 'quality adjusted life year'/exp OR 'quality adjusted life year' OR 'utility value' OR 'utility values' OR 'multiattribute utility' OR (tto NOT 'tobacco retrotransposon' NOT ('tea tree oil'/exp OR 'tea tree oil')) OR 'health utilities' OR 'health utility' OR sf6d OR aqol OR 'australian quality of life' OR 'assessment of quality of life instrument' OR 'euroqol' OR eq5d OR 'short form 6d' OR 'hui 3' OR 'hui iii' OR (utility OR utilities AND ('quality of life'/exp OR 'quality of life'))
	25,096
	716

	
	#2
	‘heart failure’/exp
	274,829
	

	Hand search
	
	
	1
	1

	Number of citations retrieved by search
	717

	Number of citations excluded after title/abstract review:
	

	· Not a quality of life study
	421

	· Does not include patients with chronic heart failure
	210

	· Conference abstract
	2

	· Not in English
	3

	Total number of citations excluded after title/abstract review
	636

	Number of citations reviewed in full text
	81

	Number of citations excluded after full text review:
	

	· Wrong study type
	16

	· Does not include patients with chronic heart failure
	1

	· Does not report utility weights for a relevant health state
	5

	· Secondary publication
	23

	· Insufficient detail
	4

	Total number of included citations
			32



In total, the literature search for relevant utility weight estimates identified 32 publications that reported preference-based utility weight estimates that related to chronic heart failure. The characteristics and results of these studies are presented in Table D.
[bookmark: _Toc358835329][bookmark: _Toc359227891]Table D	Summary of identified utility weight estimates
	Study ID, country
	Study description
	Method of elicitation
	Relevant health state
	Utility

	Alehagen 2008, Sweden
	HRQoL study assessing utility weights among elderly patients with chronic heart failure 
(NYHA I-III)
	TTO
Elicited directly from patients in health state
	NYHA class:
	

	
	
	
	I
	0.75 (95% CI 0.72, 0.78) 

	
	
	
	II
	0.71 (95% CI 0.66, 0.74)

	
	
	
	III
	0.56 (95% CI 0.49, 0.63)

	
	
	
	Self-assessed NYHA class:
	

	
	
	
	I
	0.77 (95% CI 0.74, 0.80)

	
	
	
	II
	0.68 (95% CI 0.65, 0.72)

	
	
	
	IIIa
	0.61 (95% CI 0.55, 0.68)

	
	
	
	IIIb, IV
	0.50 (95% CI 0.38, 0.62)

	Austin 2005, 
UK
	RCT evaluating whether cardiac rehabilitation programmes can improve clinical outcomes in elderly patients with chronic heart failure (NYHA II/III) 
	EQ-5D
Elicited directly from patients in health state
	Mean utility of elderly patients with NYHA class II or III heart failure receiving outpatient clinic‑based standard care at baseline
	0.65

	Austin 2008, 
UK
	Long-term follow-up results of a RCT evaluating whether cardiac rehabilitation programmes can improve clinical outcomes in elderly patients with chronic heart failure (NYHA II/III)
	EQ-5D
Elicited directly from patients in health state
	Mean utility of elderly patients with NYHA class II or III heart failure after five years of outpatient clinic‑based standard care 
	0.60 (SD 0.34)

	Capomolla 2002, 
Italy
	Cohort study and CUA comparing a heart failure management program delivered in an outpatient hospital setting to standard care (NYHA I-IV)
	TTO
Elicited directly from patients in health state
	Mean utility of heart failure patients after one year of standard care 
	0.63

	Chen 2004, 
US
	CUA of ICD for primary prevention of sudden cardiac death in patients with congestive heart failure 
	Assumptions based on literature
	Patients with congestive heart failure at baseline 
	0.71

	
	
	
	Patients with congestive heart failure one year after ICD implantation
	0.639

	
	
	
	Patients with congestive heart failure two years after ICD implantation
	0.71

	Cleland 2008,
International
	Long-term follow-up results of a RCT comparing CRT-P with OMT for the treatment of heart failure (NYHA I-IV)
	EQ-5D
Elicited directly from patients in health state
	Mean utility of patients with NYHA I or II heart failure at baseline
	0.78 (95% CI 0.69, 0.85)

	Cowie 2011,
UK
	CUA comparing highly purified omega-3 polyunsaturated fatty acid ethyl esters to standard care for the treatment of chronic heart failure (NYHA II-IV)
	Estimated from the literature and expert opinion
	Stable heart failure 
	0.67 (Range 0.51, 0.82)

	
	
	
	Decompensated heart failure leading to hospitalisation
	0.50 (Range 0.43, 0.64)

	
	
	
	Stable post-decompensated heart failure
	0.67 (Range 0.51, 0.82)

	
	
	
	MI
	0.62 (Range 0.47, 0.78)

	
	
	
	Post-MI
	0.67 (Range 0.51, 0.82)

	
	
	
	Stroke
	0.58 (Range 0.39, 0.76)

	
	
	
	Post-stroke
	0.62 (Range 0.47, 0.78)

	De Rivas 2008, Spain
	HRQoL study assessing utility weights among patients with chronic heart failure (NYHA I-IV)
	EQ-5D
Elicited directly from patients in health state
	Mean utility across all patients
	0.63 (95% 0.62, 0.64)

	
	
	
	Mean utility of patients followed in primary care centres
	0.60 (95% CI 0.59, 0.61) 

	
	
	
	Mean utility of patients followed at cardiology outpatient clinics
	0.68 (95% CI 0.66, 0.69)

	Feldman 2005,
International
	RCT and CUA comparing CRT-D with CRT-P and OMT for the treatment of moderate to severe heart failure (NYHA III-IV)

	Mapped from MLWHFQ scores elicited from patients in health state
	Mean utility of patients with NYHA III or IV heart failure at baseline
	0.60-0.62


	
	
	
	CRT-D:
	

	
	
	
	3 months after CRT-D implant
	0.77

	
	
	
	6 months after CRT-D implant
	0.77

	
	
	
	CRT-P:
	

	
	
	
	3 months after CRT-P implant
	0.78

	
	
	
	6 months after CRT-P implant
	0.79

	
	
	
	OPT
	

	
	
	
	3 months 
	0.79

	
	
	
	6 months
	0.70

	Feingold 2010,
US
	CUA of ICD implantation in children with dilated cardiomyopathy
	Estimated from the literature
	Disutility of system-related complications:
	

	
	
	
	ICD pocket infection
	0.20 (Range 0, 0.6), applied for one month 

	
	
	
	ICD lead malfunction
	0.12 (Range 0, 0.5), applied for one week

	
	
	
	Inappropriate shock
	0.05 (Range 0, 0.5), applied for two days

	
	
	
	Generator change
	0.1 (Range 0, 0.5), applied for half of one week

	Ford 2012,
Australia
	CUA comparing hawthorne extract to standard care for the treatment of heart failure (NYHA I-IV)
	Estimated from the literature
	NYHA class I no hospitalisation 
	0.815

	
	
	
	NYHA class II no hospitalisation  
	0.72

	
	
	
	NYHA class III no hospitalisation 
	0.59

	
	
	
	NYHA class IV no 
	0.508

	
	
	
	
	0.727)

	
	
	
	hospitalisation 
	

	
	
	
	Disutility associated with hospitalisation 
	-0.1 (assumption)

	Gohler 2008,
Germany
	Decision-analytic evaluation of the cost-effectiveness of management programmes in chronic heart failure (NYHA class not reported)
	EQ-5D
Elicited directly from patients in health state
	Index hospitalisation
	0.840

	
	
	
	Rehospitalisation 1
	0.816 (disutility 0.024)

	
	
	
	Rehospitalisation 2
	0.799 (disutility 0.041)

	
	
	
	Rehospitalisation 3+
	0.755 (disutility 0.085)

	Gohler 2009,
Germany
	HRQoL substudy of RCT comparing  administration of eplerenone to patients with heart failure after acute MI, versus standard care  (NYHA I-IV) 
	EQ-5D
Elicited directly from patients in health state
	Utilities for a model based on NYHA class

	
	
	
	Intercept
	0.785 (SE 0.037)

	
	
	
	NYHA class:
	

	
	
	
	I
	Reference

	
	
	
	II
	-0.071 (SE 0.006)

	
	
	
	III
	-0.161 (SE 0.009)

	
	
	
	IV
	-0.301 (SE 0.001)

	
	
	
	Utilities for a model based on the number of hospitalisations

	
	
	
	Intercept
	0.759 (SE 0.040)

	
	
	
	First hospitalisation
	Reference

	
	
	
	Rehospitalisation 1
	-0.024 (SE 0.007)

	
	
	
	Rehospitalisation 2
	-0.031 (SE 0.009)

	
	
	
	Rehospitalisation 3+
	-0.055 (SE 0.001)

	Havranek 1999,
US
	HRQoL study assessing utility weights among a sample of 50 symptomatic patients with heart failure and a LVEF of <40% 
(NYHA class not reported)
	TTO
Elicited directly from patients in health state
	Mean utility associated with heart failure
	0.77 (SD 0.28)

	Havranek 2004,
US/Canada
	HRQoL substudy of RCT comparing  omapatrilat to eplerenone in patients with chronic heart failure (NYHA II-IV)
	TTO
Elicited directly from patients in health state
	NYHA class:
	

	
	
	
	II
	0.82 (SD 0.25)

	
	
	
	III/IV
	0.70 (SD 0.34)

	Hebert 2008,
US
	CUA of a nurse-led disease management program for heart failure in an ethnically diverse urban community (NYHA I-IV)
	HUI3 
Elicited directly from patients in health state
	Mean utility of patients with heart failure after one year of usual care
	0.6122

	Heidenreich 2004,
US
	CUA of a screening program to identify patients with low LVEF (NYHA not reported)
	Estimated from the literature
	Symptomatic heart failure
	0.71

	
	
	
	Asymptomatic heart failure 
	0.87

	Janssen 2011,
Netherlands
	HRQoL study assessing utility weights among a sample of patients with advanced COPD or heart failure (NYHA III/IV)
	EQ-5D 
Elicited directly from patients in health state
	Mean utility associated with NYHA III or IV heart failure
	0.47 (SD 0.32)

	Kontodimopoulos 2011, 
Greece
	HRQoL study comparing EQ-5D and SF-6D utilities in a consecutive sample of patients undergoing elective cardiac surgery for treatment of chronic heart failure
	EQ-5D
Elicited directly from patients in health state
	Mean utility of patients undergoing elective surgery for chronic heart failure
	0.703 (95% CI 0.665, 0.741)

	
	
	SF-6D
Elicited directly from patients in health state
	Mean utility of patients undergoing elective surgery for chronic heart failure
	0.710 (95% CI 0.693, 

	Linde 2011,
UK
	CUA based on the REVERSE trial (NYHA I/II)
	Estimated from the literature
	NYHA class:
	

	
	
	
	I
	0.93 (95% CI 0.91, 0.96) 

	
	
	
	II
	0.78 (95% CI 0.72, 0.84)

	
	
	
	III
	0.61 (95% CI 0.59, 0.63)

	Miller 2009,
US
	CUA of the long-term impact of a systolic heart failure disease management programme (NYHA I‑IV)
	Estimated from SF-36 
	NYHA class:
	

	
	
	
	I
	0.75

	
	
	
	II
	0.64

	
	
	
	III or IV
	0.58

	Moertl 2013,
Austria and Canada
	CUA of a NT-proBNP-guided, intensive patient management  programme 
	Estimated from MLWHFQ
	Utility of patients with heart failure with no additional hospitalisations
	0.86 (SEM 0.01)

	
	
	
	Disutility per hospitalisation 
	0.02 (SEM 0.01)

	Nichol 2004,
US
	CUA of CRT-P versus OMT in patients with patients with reduced ventricular function and prolonged QRS (NYHA II-IV)
	SG
Elicited directly from patients in health state
	NYHA class III 
	0.84 (Range 0.71, 0.98)

	
	
	
	NYHA class IV 
	0.74 (Range 0.58, 0.91)

	
	
	
	Hospitalisation for heart failure 
	0.57 (Range 0.48, 0.80)

	Noyes 2009,
US
	CUA of ICD versus OMT for patients with chronic heart failure (NYHA I-IV)
	HUI3
Elicited directly from patients in health state
	ICD:
	

	
	
	
	Baseline
	0.637

	
	
	
	During follow-up
	0.601

	
	
	
	OMT:
	

	
	
	
	Baseline
	0.646

	
	
	
	During follow-up
	0.678

	Noyes 2013 (MADIT-CRT),
US
	CUA based on the MADIT-CRT trial (NYHA I/II)
	EQ-5D
Elicited directly from patients in health state
	CRT-D:
	

	
	
	
	Baseline
	0.848 (SD 0.134)

	
	
	
	During follow-up
	0.884 (SD 0.145)

	
	
	
	ICD:
	

	
	
	
	Baseline
	0.845 (SD 0.134)

	
	
	
	During follow-up
	0.874 (SD 0.145)

	Ozasa 2008,
Japan
	CUA of ICD implantation in patients with chronic heart failure
	TTO
Questionnaire administered to 27 cardiologists
	ICD, with well condition
	0.792 (Range 0.670, 0.915) 

	
	
	
	ICD with any complication
	0.589 (Range 0.447, 0.731)

	
	
	
	Conventional management with well condition
	0.833 (Range 0.737, 0.929)

	
	
	
	Conventional management with any complication
	0.604 (Range 0.458, 0.749)

	Patel 2008,
Sweden
	Pilot study and CUA of home care as an option for the management of worsening chronic heart failure (NYHA II-IV)
	EQ-5D
Elicited directly from patients in health state
	Mean utility of heart failure patients after one year of conventional care
	0.43

	
	
	SG
Elicited directly from patients in health state
	Mean utility of heart failure patients after one year of conventional care
	0.64

	Pradelli 2009,
Italy
	CUA of valsartan for the treatment of chronic heart failure (NYHA II‑IV) 
	Estimated from the literature
	NYHA class:
	

	
	
	
	II
	0.813

	
	
	
	III
	0.750

	
	
	
	IV
	0.680

	
	
	
	Disutility of hospitalisation 
	-0.10

	Pressler 2011,
US
	HRQoL study in 211 patients with chronic heart failure (NYHA I-IV)
	HUI3
Elicited directly from patients in health state
	Mean utility of patients with chronic heart failure
	0.49 (SD 0.34)

	Riberio 2010,
Brazil
	CUA of ICD implantation in patients with chronic heart failure (NYHA II or III)
	Estimated from the literature
	Utility of a patient with chronic heart failure
	0.88 (Range 0.71, 0.88)

	
	
	
	Utility of a patient with chronic heart failure and an ICD
	0.88 (Range 0.64, 0.88)

	Sanders 2010,
US
	CUA of ICD implantation in patients aged 65 years or more with chronic heart failure 
	Estimated from the literature
	Baseline health state (conventional therapy)
	0.88 (Range 0.6, 1.0)

	
	
	
	After ICD implantation
	0.88 (Range 0.6, 1.0)

	Yao 2007,
UK
	Trial-based CUA comparing CRT-D with CRT-P (NYHA I-IV)
	EQ-5D
Elicited directly from patients in health state
	NYHA class:
	

	
	
	
	I
	0.815 (95% CI 0.781, 0.850)

	
	
	
	II
	0.720 (95% CI 0.720, 0.693)

	
	
	
	III
	0.590 (95% CI 0.590, 0.551)

	
	
	
	IV
	0.508 (95% CI 0.508, 0.412)


Abbreviations: CI, confidence interval; COPD, chronic obstructive pulmonary disease; CRT-D, cardiac resynchronisation therapy device capable of defibrillation; CRT-P, cardiac resynchronisation therapy pacemaker; CUA, cost-utility analysis; EQ-5D, EuroQol-5 Dimensions; HRQoL, health-related quality of life; HUI3, health utilities index mark 3; ICD, implantable cardioverter defibrillator; LVEF, left ventricular ejection fraction; MI, myocardial infarction; MLWHF, Minnesota Living with Heart Failure Questionnaire; NT-proBNP, N-terminal prohormone of brain natriuretic peptide; NYHA, New York Heart Association; OMT, optimised medical therapy; RCT, randomised controlled trial; SD, standard deviation; SEM, standard error of the mean; SF-36, Short Form 36 Health Survey; SF-6D, Short Form 6 dimensions; SG, standard gamble; TTO, time-trade-off
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