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EXECUTIVE SUMMARY

Background

This assessment updates and expands on two previous technology assessment reports, which
evaluated the clinical and cost-effectiveness of implantable cardioverter defibrillators for arrhythmias,
and of cardiac resynchronisation (biventricular pacing) for heart failure. Three populations were
defined by the scope for this assessment: people at increased risk of sudden cardiac death (SCD) as a
result of ventricular arrhythmias despite optimal pharmacological therapy (OPT); people with heart
failure as a result of left ventricular systolic dysfunction (LVSD) and cardiac dyssynchrony despite
OPT; and people with both conditions. However, there is considerable overlap between these
groupings. Risk factors for SCD due to ventricular arrhythmia include coronary heart disease, prior
myocardial infarction, cardiomyopathy, and heart failure. Heart failure resulting from LVSD and
cardiac dyssynchrony occurs when the chambers of the heart do not contract in synchrony and the left
ventricle of the heart fails to pump blood efficiently round the body. Drugs may be used to suppress
the development of ventricular arrhythmias that may result in SCD, but these are not able to stop an
arrhythmia once it has started. An implantable cardioverter defibrillator (ICD) can restore normal
heart rhythm using pacing, cardioversion or defibrillation. Cardiac resynchronisation therapy (CRT)
devices resynchronise the contraction of the heart using biventricular pacing (CRT-P). Certain CRT
devices combine the functionality of a CRT-P and an ICD (CRT-D).

Objectives

. To assess the clinical-effectiveness and cost-effectiveness of ICDs in addition to optimal
pharmacological therapy (OPT) for the treatment of people who are at increased risk of SCD
as a result of ventricular arrhythmias despite receiving OPT,;

o To assess the clinical-effectiveness and cost-effectiveness of CRT-P or CRT-D in addition to
OPT for the treatment of people with heart failure as a result of LVSD and cardiac
dyssynchrony despite receiving OPT;

o To assess the clinical-effectiveness and cost-effectiveness of CRT-D in addition to OPT for
the treatment of people who have both an increased risk of SCD as a result of ventricular
arrhythmias and heart failure as a result of LVSD and cardiac dyssynchrony despite OPT.

Methods
Data sources: Electronic bibliographic databases, including MEDLINE, EMBASE, and The
Cochrane Library, were searched from inception to November 2012 for English language articles.
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Bibliographies of included articles and manufacturers’ submissions (MS) to NICE were also searched.
Experts in the field were asked to identify additional published and unpublished references.

Study Selection: Titles and, where available, abstracts were screened for eligibility by two reviewers
independently. The inclusion criteria specified in the protocol were applied to the full text of retrieved papers
by one reviewer and checked independently by a second reviewer. The inclusion criteria were as follows:

o People at increased risk of SCD as a result of ventricular arrhythmias despite optimal
pharmacological treatment: studies comparing ICD with OPT.

o People with heart failure as a result of left ventricular systolic dysfunction and cardiac
dyssynchrony despite optimal pharmacological treatment: studies comparing CRT-P or CRT-
D compared each other or with OPT.

e People with both conditions described above: studies comparing CRT-D with ICD, CRT-P or
OPT.

e Studies must have included one or more of the following outcome measures: Mortality,
adverse effects of treatment, health related quality of life (HRQoL), symptoms and
complications related to tachyarrhythmias and/or heart failure, heart failure hospitalisations,
change in NYHA class, change in left ventricular ejection fraction (LVEF).

o For the systematic review of clinical effectiveness only RCTs were eligible, and for the

systematic review of cost-effectiveness, only full economic evaluations were eligible.

Data extraction and quality assessment

Data extraction and quality assessment were undertaken by one reviewer and checked by a second reviewer.
Differences in opinion were resolved through discussion at each stage. The manufacturers’ submission to NICE
was reviewed.

Data synthesis

Studies were synthesised through a narrative review with full tabulation of the results of all included
studies. Where appropriate studies were combined in a meta-analysis.

Economic Model

The model previously developed for the technology assessment of CRT for heart failure was adapted
to estimate the cost-effectiveness of ICDs, CRT-P and CRT-D in the scoped populations. The Markov
state transition model simulated disease progression in a cohort of patients, who moved between
distinct health states over their lifetime. Disease progression varied according to the characteristics of
the population group and the care pathway they follow. The key events modelled were hospitalisation
due to HF or arrhythmia, transplant, surgical failure, death, peri-operative complications of implant
procedure, routine device replacements, lead displacement, infections, and device upgrades. Utility
values for the several health states modelled were used to estimate the benefit of each intervention in
terms of quality-adjusted life years (QALYS). Resource use and cost estimation aimed at costing all
relevant resources consumed in the care of patients in the three populations. As in the previous model

for CRT devices, the resources considered in the current model included medication, resources
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involved in device implantation, device-related complications and maintenance, hospitalisation due to
heart failure or severe arrhythmia, and heart transplantation. Costs and benefits were discounted at
3.5% per annum. The perspective of the cost-effectiveness analysis was that of the NHS and Personal

Social Services. Uncertainty was explored through deterministic and probabilistic sensitivity analysis.

Results

Clinical effectiveness

Twenty six RCTs were included. Thirteen RCTs compared ICDs with medical therapy in people at
risk of SCD as a result of ventricular arrhythmias, four RCTs compared CRT-P (and CRT-D in one
RCT) with OPT in people at risk of heart failure due to LVSD and cardiac dyssynchrony, and nine
RCTs compared CRT-D with ICD in people with both conditions. No RCTs comparing CRT-D with
OPT or with CRT-P were identified for people with both conditions.

People at risk of SCD as a result of ventricular arrhythmias

People with previous ventricular arrhythmia/cardiac arrest (secondary prevention):

o Compared with AAD, ICDs reduced the risk of all-cause mortality (4 RCTs, RR 0.75, 95% ClI,
0.61 to 0.93; p=0.01), sudden cardiac/arrhythmic deaths (4 RCTs, RR 0.49, 95% CI, 0.34 to 0.69;
p<0.0001) and total cardiac deaths (2 RCTs, RR 0.74, 95% CI, 0.61 to 0.91; p=0.004). No
differences were found for non-arrhythmic cardiac deaths (2 RCTs, RR 0.97, 95% Cl, 0.72 to
1.31; p=0.83) or other non-cardiac causes of death (2 RCTs, RR 0.79, 95% Cl, 0.45 to 1.37,
p=0.40).

e Using different measures of QoL, one RCT found no significant differences between groups,
whilst a second RCT found improvements in QoL with ICD but not the control.

o Pre-specified subgroups for age, LVEF, cause of arrhythmia and qualifying arrhythmia did not
differ significantly from each other or the overall population for all-cause mortality.

People with a recent myocardial infarction (within 6 to 41 days, or 31 days or less):

e Meta-analysis found no difference in all-cause mortality (2 RCTs, RR 1.04, 95% ClI, 0.86 to 1.25;
p=0.69), total cardiac deaths (RR 0.97, 95% CI, 0.79 to 1.20; p=0.8) or non-cardiac deaths (RR
1.39, 95% ClI, 0.86 to 2.27; p=0.18). People with ICD had a lower risk of SCD (RR 0.45, 95% ClI,
0.31 to 0.64; p<0.0001), but a higher risk of non-arrhythmic cardiac death (RR 1.77, 95% CI, 1.30
to 2.40; p=0.0002). One trial reporting cumulative mortality found no statistically significant
difference. QoL was not reported.

o No significant differences in all-cause mortality were found for 13 pre-specified subgroups (age,

gender, congestive heart failure on admission, criterion of inclusion, ST-elevation Ml, early
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reperfusion for ST-elevation MI, number of vessels, smoking and NYHA class at discharge,

diabetes, hypertension, lipid abnormalities, number of risk factors) reported by one trial.

People with remote myocardial infarction (more than three weeks or one month previously):

Meta-analysis found a reduction in all-cause mortality (2 RCTs, RR 0.57, 95% CI, 0.33 t0 0.97;
p=0.04), total cardiac deaths (RR 0.59, 95% CI, 0.42 to 0.83; p=0.003) and SCD (RR 0.36, 95%
Cl, 0.23 to 0.55; p<0.00001) with ICD. There was no difference in non-arrhythmic cardiac death
(RR 0.95, 95% ClI, 0.41 to 2.18; p=0.9) or non-cardiac death (RR 1.06, 95% CI, 0.58 to 1.95;
p=0.84). One trial reporting hospitalisations found higher rates per 1000 months follow-up among
people with ICDs (11.3 vs 9.4, p=0.09), with higher heart failure hospitalisations (19.9% vs
14.9%).

Differences in QoL measured by HU13 were not statistically significant between groups at
follow-up.

All-cause mortality for 12 pre-specified subgroups (age, gender, ejection fraction, NYHA class or
QRS interval, hypertension, diabetes, left bundle-branch block, atrial fibrillation, the interval
since the most recent MI, type of ICD, and blood urea nitrogen) was similar, with no statistically

significant interactions.

People with non-ischemic or idiopathic dilated cardiomyopathy:

Meta-analysis of three RCTs found no significant difference in all-cause mortality (RR 0.77, 95%
Cl, 0.52 to 1.15; p=0.20), total cardiac deaths (RR 2.03, 95% CI, 0.17 to 23.62; p=0.57), non-
arrhythmic cardiac death (RR 1.13, 95% Cl, 0.42 to 3.03; p=0.81) or non-cardiac death (RR 0.65,
95% Cl, 0.13 to 3.29; p=0.60). However a reduction was found in SCD (RR 0.26, 95% ClI, 0.09 to
0.77; p=0.02) with ICD.

Two trials reported no significant differences in QoL.

One trial reported six pre-specified subgroup analyses for all-cause mortality (age, sex, LVEF,
QRS interval, NHYA class and history of atrial fibrillation), none of the differences between
subgroups were statistically significant.

Meta-analysis of the three cardiomyopathy trials and the non-ischaemic congestive heart failure
subgroup of SCD-HeFT found a statistically significant reduction in all-cause mortality (RR 0.74,
95% CI 0.58 to 0.93, p=0.01) with ICD.

People scheduled for CABG surgery:

One RCT found no difference in all-cause mortality (RR 1.08, 95% ClI, 0.85 to 1.38; p=0.53),
total cardiac deaths (HR 0.97, 95% CI, 0.71 to 1.33, p=0.84), non-arrhythmic (HR 1.24, 95% ClI,
0.84 to 1.84; p=0.28), non-cardiac death (RR 1.50, 95% CI, 0.82 to 2.73; p=0.19). Rates of SCD
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were lower with ICD, but this did not reach statistical significance (HR 0.55, 95% CI, 0.29 to
1.03; p=0.06).

HRQoL was higher among people with OPT for all measures, and this was statistically significant
for some.

Hazard ratios for ICD compared with control for all-cause mortality were found to be similar
among ten pre-specified subgroups (age, gender, heart failure, NYHA class, LVEF, diabetes
mellitus, QRS complex duration, use of ACE inhibitors, use of class | or class Il antiarrhythmic

drugs, and use of beta-adrenergic-blocking drugs).

A broad population with mild to moderate heart failure:

One three-arm trial compared ICD, amiodarone and placebo. Compared with placebo, ICDs
reduced the risk of all-cause mortality (HR 0.77 (97.5% Cl, 0.62, 0.96; p=0.007), total cardiac
death (HR 0.76, 95% ClI, 0.60 to 0.95; p=0.018) and SCD (compared with placebo and
amiodarone groups combined, RR 0.44, 95% Cl, 0.31 to 0.61; p<0.00001). There was no
difference in non-arrhythmic cardiac death (RR 1.14, 95% CI, 0.88 to 1.48; p=0.32) or deaths
from non-cardiac causes (RR 0.92, 95% CI, 0.66 to 1.27; p=0.60) compared with placebo and
amiodarone groups combined.

No significant difference was found in QoL. A significant decrease in perceptions of QoL was
found using the SF-36 among people who had received an ICD shock within the previous month
compared with those who had not received a shock.

There was no interaction of ICD therapy with the cause of congestive heart failure (ischaemic or
non-ischaemic) for all-cause mortality or other modes of death. Compared with placebo, ICDs
reduced the risk of all-cause mortality, cardiac mortality and sudden death presumed to be
ventricular tachyarrhythmic in people with NYHA class 1, but not in those with NYHA class IIl.
The interaction between ICD therapy and NYHA class was not statistically significant for heart
failure (p=0.29) or noncardiac (p=0.11) deaths.

Adverse events:

Adverse events were reported by all four RCTs of people with previous ventricular arrhythmias.
Up to 30% of the ICDs groups reported adverse events, with most related to the placement and
operation of the device. Rates for OPT appeared lower.

The nine RCTS of people who had not suffered a life threating arrhythmia reported adverse event
rates between 5% and 61% of people with an ICD, depending on the definition of adverse event
and length of follow-up. Three trials reporting adverse event rates for the comparator treatment
found rates between 12% to 55%. Lead, electrode or defibrillator generator related problems
affected 1.8 to 14% of people in five trials reporting this.
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People with heart failure as a result of LVSD and cardiac dyssynchrony

Compared with OPT, CRT-P reduced the risk of all-cause mortality (4 RCTs, RR 0.75, 95% CI
0.58 t0 0.96; p=0.02), heart failure deaths (2 RCTs, RR 0.67, 95% CI 0.51 to 0.88; p=0.004) and
heart failure hospitalisations (4 RCTs, RR 0.61, 95% CI 0.44 to 0.83), but not SCD (3 RCTs, RR
0.97, 95% CI 0.44 to 2.14; p=0.94), total cardiac deaths (1 RCT, p=0.334) or non-cardiac deaths
(1 RCT, p=0.122).

An improvement in NYHA class (3 RCTs, RR 1.68, 95% CI 1.52 to 1.86; p<0.00001), LVEF (1
RCT, p<0.001) exercise capacity (3 RCTs) and QoL (4 RCTs, MLWHFQ score MD -10.33, 95%
ClI-13.31 to -7.36; p<0.00001) was also found for CRT-P compared with OPT.

Pre-specified subgroup analysis found people with non-ischaemic heart disease had a greater
change in LVEF, but there was little difference in the effect of CRT-P on the composite outcome
(death from any cause or unplanned hospitalisation for a major cardiovascular event) for 16
subgroups.

One RCT found that, compared with OPT, CRT-D reduced the risk of all-cause mortality (HR
0.64, 95% CI 0.48 to 0.86, p=0.003), total cardiac deaths (RR 0.68, 95% CI 0.50 to 0.93, p=0.02),
SCD (HR 0.44, 95% CI 0.23 to 0.86, p=0.02) and heart failure hospitalisations (RR 0.77, 95% CI
0.63 t0 0.93, p=0.008), but not heart failure deaths (HR 0.73, 95% CI 0.47 to 1.11; p=0.143) or
non-cardiac deaths (CRT-D 2.3% vs OPT 3.6%, p=0.717).

Improvement in NYHA class (57% vs 38%, p<0.001), exercise capacity (6 MWT 46 m vs 1m),
and QoL (MLWHFQ score (-26 vs -12 , p<0.001) were also found for CRT-D compared with
OPT at 6 months.

Total cardiac deaths (RR 1.38, 95% CI 1.06 to 1.81, p=0.02) and SCD (RR 2.72, 95% CI 1.58 to
4.68, p=0.0003) were higher with CRT-P than CRT-D. All-cause mortality (RR 1.20, 95% ClI
0.96 to 1.52, p=0.12), heart failure deaths (RR 0.98, 95% CI 0.68 to 1.42, p=0.93), and heart
failure hospitalisations (28% vs 29%) were similar for those with CRT-P and those with CRT-D.
Changes in NYHA class, exercise capacity and QoL were similar for CRT-P and CRT-D.
Adverse events: two trials randomised people with successful implantation only. The other two
trials reported device-related deaths between 0.2% and 0.8% for those with CRT-P and 0.5% for
those with CRT-D. Moderate or severe adverse events related to implantation procedure were
reported as 10% for those with CRT-P and 8% for those with CRT-D by one trial, with 13% and
9% of CRT-P and CRT-D implantations unsuccessful. Moderate or severe adverse events from
any cause were more common among those with CRT-D than OPT (CRT-D 69%, CRT-P 66%,
OPT 61%, CRT-D vs OPT p=0.03, CRT-P vs OPT, p=0.15). Reported complications included

lead displacements, infections and coronary-sinus dissections.

17



People with both conditions

e  Compared with ICD, CRT-D reduced the risk of all-cause mortality (8 RCTs, RR 0.84, 95% CI
0.73 t0 0.96, p=0.01) and total cardiac deaths (6 RCTs, RR 0.82, 95% CI 0.67 to 1.00, p=0.05).
No difference in SCD was found (3 RCTs, RR 1.45, 95% CI 0.43 to 4.92, p=0.55).

e CRT-D reduced the risk of heart failure hospitalisation compared with ICD (3 RCTs, RR 0.75,
95% CI 0.64 to 0.88, p=0.0005).

¢ No difference in the proportion of people experiencing at least one episode of ventricular
tachycardia or ventricular fibrillation was found (4 RCTs, RR 0.90, 95% CI 0.71 to 1.14, p=0.38).

e Animprovement in mean NYHA class (2 RCTs, MD -0.19, 95% CI -0.34 to -0.05, p=0.008), but
not in the proportion of people improved by one or more NYHA class; (3 RCTs RR 1.81, 95% ClI
0.91 to 3.60, p=0.09) was found with CRT-D.

e Improvement in LVEF (8 RCTs, MD 2.15, 95% CI 0.45 to 3.86, p=0.01), exercise capacity, and
QoL (MLWHEFQ score, 6 RCTs, MD -6.9, 95% CI -10.4 to -3.4, p=0.0001) were found with
CRT-D compared with ICD.

o Pre-specified subgroup analyses found greater benefit with CRT-D for a composite outcome in
people with QRS duration >150 versus < 150 ms (2 RCTs) and for the proportion of people with
an improvement in peak oxygen uptake in those with QRS > 120ms versus <120 ms (1 RCT).
CRT-D was associated with greater benefit in women than in men (1 RCT) and in people with
LBBB than in those with nonspecific intraventricular conduction delay (1 RCT). Distance walked
in 6 minutes for was improved with CRT-D in non-ischemic cardiomyopathy but not in ischemic
cardiomyopathy (1 RCT). Other evaluated subgroups showed no statistically significant effects.

e One large RCT trial found that device or implantation related complications within 30 days of
implantation were significantly higher in the CRT-D group than the ICD group (13.3% vs 6.8%,
p<0.001), as was device-related hospitalisation (20% vs 12.2%, HR 1.68, 95% CI 1.32 to 2.13,
p<0.001).

Cost-effectiveness

The systematic review of published economic evaluations identified 51 studies (36 studies of ICDs
and 17 of CRT). ICDs were reported to be cost effective in almost half of the ICD studies. One
relevant UK study reported a mean ICER for an average UK secondary prevention patient of £76,139
per QALY gained. Almost all CRT studies reported that CRT was cost effective. One relevant UK
study estimated an ICER of £16,735 per QALY gained for CRT-P compared with OPT, and an ICER
of £40,160 per QALY gained for CRT-D compared with CRT-P.

The systematic review of HRQoL found six relevant studies. Two studies were conducted in patients

who had received an ICD; one found that mean EQ-5D score did not change with time after implant
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and the other reported no difference between EQ-5D score of primary and secondary prevention
patients, and that quality of life for ICD patients was similar to the general population. Four cohort
studies reported EQ-5D scores in heart failure and overall results show decreased EQ-5D scores

compared with the general population particularly in NYHA Class Il and IV.

One industry submission was received from ABHI. The general approach taken in the MS seems
reasonable although it is not clear if uncertainty is properly assessed. Subgroups specified by ABHI
do not directly address those scoped by NICE. Overall, ABHI's results show that for most subgroups
there is at least 1 device with an ICER below £30,000 per QALY gained, and in some cases a
different device might be below £20,000 per QALY gained.

People at risk of SCD as a result of ventricular arrhythmias

e The addition of ICD to OPT for secondary prevention of SCD has an ICER of £19,479 per
QALY gained compared with OPT alone. Its probability of being cost-effective at a WTP of
£20,000 and £30,000 per QALY gained is 51% and 82%, respectively.

e The ICER for the mixed-age cohort is slightly higher (£24,967/QALY), as it increased with
age and 52% of these patients are expected to be over 65 years old.

e Subgroup analysis with MADIT 11 trial data shows that ICD + OPT is cost-effective (ICER =
£14,231/QALY) for primary prevention of SCD in patients with remote myocardial
infarction.

o Forthe SCD-HeFT trial (patients with mild to moderate heart failure), the estimated ICER for
ICD +OPT is £29,756 per QALY gained compared with OPT alone.

e For patients with non-ischaemic cardiomyopathy the ICER was £26,028 per QALY gained.

e The parameters with greater impact on the ICER were the time horizon, the HR for all-cause
mortality associated with the ICD + OPT arm, the risk of surgical death during ICD

implantation, and the lifetime of the device.

People with heart failure as a result of LVSD and cardiac dyssynchrony

e The addition of CRT-P to OPT (in the initial stage of management of heart failure) presented
an estimated ICER of £27,584 per QALY gained compared with initial management with
OPT alone (allowing for the subsequent implants). Similarly, the initial implant of CRT-D
alongside OPT showed an ICER of £27,899 per QALY gained compared with OPT alone.
When comparing CRT-D + OPT with CRT-P + OPT, a slightly higher ICER was estimated
(£28,420 per QALY gained).

o AtaWTP of £20,000 per QALY gained, the initial management with OPT alone followed by

the clinically necessary device implants is the strategy with highest probability of being cost-
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effective (81%). Above a WTP of £28,000 per QALY, the strategy with highest probability of
being cost effective is CRT-D + OPT (38%).

The incremental cost-effectiveness results for the comparisons relevant for Population 2 seem
to be sensitive mainly to device-related costs and to parameters that determine the incremental
benefit of the devices on patients’ survival, such as the RRs of SCD and HF death for CRT-P.
CRT-D device’s lifetime also showed to be particularly influent due to the incremental costs
incurred when it became shorter.

In a scenario assuming the upper limit estimates of device-related costs or lower estimates for
the longevity of all devices, both CRT-P + OPT and CRT-D + OPT became non-cost-
effective compared with initial management with OPT alone (followed by the subsequent

upgrades).

People with both conditions

The base case found that the most cost-effective strategy for people with both conditions at a
WTP range of £20,000 to £30,000 per QALY is the initial management with OPT alone
(followed by device implantation and subsequent upgrades as necessary). Both strategies with
the initial implantation of CRT devices present ICERs over the WTP range of £20,000 to
£30,000 per QALY compared with OPT alone (CRT-D £35,193/QALY; CRT-P
£41,414/QALY). Costs and QALYs for CRT-D and CRT-P are similar.

CRT-D + OPT is cost-effective compared with ICD + OPT at a WTP of £30,000
(E27,195/QALY).

At a WTP of £30,000 per QALY, OPT alone, ICD + OPT, CRT-D + OPT, and CRT-P + OPT
have 44%, 31%, 15%, and 10% probability of being cost-effective, respectively. Above the
WTP of £42,000 per QALY, the intervention with highest probability of being cost effective
is CRT-D + OPT (31%).

In an alternative scenario using MADIT CRT data, CRT-P and CRT-D are extendedly
dominated by ICD + OPT, which is the most cost effective strategy (ICER £154/QALY
gained versus OPT).

The cost-effectiveness results for the comparison of CRT-D + OPT versus ICD + OPT were
quite robust to the variation of input parameters. The most influential parameters were RR of

all-cause mortality with ICD and lifetime of CRT-D and ICD devices.

Discussion
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A de novo economic model was developed for the current appraisal following recognised guidelines
and systematic searches were conducted to identify the data inputs for the model. The main results
have been summarised and presented. To address the decision problem specified in the NICE scope
for the current appraisal, the independent model is based on the adaptation of a model structure used
in the previous appraisal of cardiac resynchronisation for heart failure (TA120) developed by Fox and
colleagues, providing a consistent approach and comparability. Despite following recognised
guidance on developing economic models, the evaluation has some limitations, including structural
assumptions about disease progression and treatment provision, the extrapolation of trial survival
estimates over time, and assumptions around parameter values where evidence was not available for
specific patient groups. Where limitations have arisen in the evaluation, these have been identified in
the report. Assumptions made or data identified from alternative sources has been checked through
clinical advice and the effects of parameters thought to be influential to the results have been assessed

through sensitivity analyses.

Conclusions

The addition of ICD to OPT was cost-effective at a WTP threshold of £30,000 for all of the scenarios
modelled: previous ventricular arrhythmias/cardiac arrest, myocardial infarction more than 3 weeks
previously, non-ischaemic cardiomyopathy, and ischaemic or non-ischaemic congestive heart failure
and LVEF 35% or less; and in some cases at a WTP threshold of £20,000. Both CRT-P and CRT-D
presented an ICER below £30,000 per QALY gained compared with OPT, as did the comparison of
CRT-D with CRT-P in people with heart failure as a result of LVSD and cardiac dyssnchrony. In
people with both conditions, the ICER for the comparison of CRT-D + OPT with ICD + OPT was
below £30,000 per QALY (unless no difference in all-cause mortality was assumed) but not for the
comparison with initial management with OPT alone. The costs and QALY's for CRT-D and CRT-P

were similar.

An RCT comparing CRT-D and CRT-P in people with heart failure due to LVVSD and cardiac
dyssynchrony is required, for both those with and without an ICD indication. A trial is needed into the
benefits of ICD in non-ischaemic cardiomyopathy in the the absence of dyssynchrony.
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LIST OF ABBREVIATIONS

AAD Antiarrhythmic drugs

ABHI Association of British healthcare industries

ACC American college of cardiology

ACE Angiotensin-converting enzyme

AHA American heart association

AMIOVIRT Amiodarone versus implantable cardioverter-defibrillator randomized trial

ARVD Arrhythmogenic right ventricular dysplasia

ARR Absolute risk reduction

AVID Antiarrhythmics versus implantable defibrillators trial

BNP B-type natriuretic peptide

CABG Patch Coronary artery bypass graft patch trial

CARE-HF Cardiac resynchronization-heart failure trial

CASH The cardiac arrest study Hamburg

CAT Cardiomyopathy trial

Cl Confidence interval

CIDS Canadian implantable defibrillator study

CVvD cardiovascular death

CHD Coronary heart disease

CHF Congestive heart failure

COMPANION Comparison of medical therapy, pacing, and defibrillation in patients with left
ventricular systolic dysfunction trial

CONTAK-CD RCT of the CONTAK-CD device

COPD Chronic obstructive pulmonary disease

CRT Cardiac resynchronisation therapy

DASI Duke activity status index

DEBUTE Defibrillators in non-ischemic cardiomyopathy treatment evaluation trial

DEFINITE Defibrillators in nonischemic cardiomyopathy treatment evaluation trial

DINAMIT Defibrillator in acute myocardial infarction trial

ECG Electrocardiogram/echocardiography

ECHOES Echocardiographic heart of England screening study

EHRA European heart rhythm association

EP Electrophysiological

ESC European society of cardiology

GPRD General practice research database

HF Heart failure

HR Hazard ratio

HRS Heart rhythm society

HU13 Health utilities index 13

ICD Implantable cardiac defibrillator

IPD Individual patient data

IQR Inter-quartile range

IRIS Immediate risk stratification improves survival trial

ITT Intention-to-treat analysis

LVEDD Left ventricular end diastolic diameter

LVEF Left ventricular ejection fraction

LVSD Left ventricular systolic dysfunction

MADIT Multicenter automatic defibrillator implantation trial

MADIT-CRT Multicenter automatic defibrillator implantation trial with cardiac
resynchronization therapy trial

MAVERICK The midlands trial of empirical amiodarone versus electrophysiology-guided
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interventions and implantable cardioverter-defibrillators

MCS Mental component summaries

MWD Minute walk distance

MHI-5 Mental health inventory 5

MI Myocardial infarction

MIRACLE Multicenter InSync randomized clinical evaluation trial

MIRACLE ICD Multicenter InSync ICD randomized clinical evaluation trial

MS Manufacturer’s submission

MUSTIC Multisite stimulation in cardiomyopathies trial

MUSTT Multicenter unsustained tachycardia trial

NICE The national institute of health and clinical excellence

NMA Network meta-analysis

NSVT Nonsustained ventricular tachycardia

NTproBNP N-terminal pro-B-type natriuretic peptide

NYHA New York Heart association

OPT Optimal pharmacological therapy

PCS Physical component summaries

PES Programmed electrical stimulation

PNS Phrenic nerve stimulation

PSS Personal social services

PVC Premature ventricular complexes

RAFT Recurrent atrial fibrillation trial

RCT Randomised controlled trial

RethinQ Cardiac resynchronization therapy in patients with heart failure and narrow QRS

RHYTHM ICD The Resynchronization for the HemodYnamic treatment for heart failure
management implantable cardioverter defibrillator study

RR Risk ratio

RRR Risk ratio reduction

SCD Sudden cardiac death

SCD-Heft Sudden cardiac death in heart failure trial

SNPs Serum natriuretic peptides

STAI State trait anxiety inventory

TAR Technology assessment report

VF Ventricular fibrillation

VT Ventricular tachycardia

QALY Quality-adjusted life year

QoL Quality of life

QRS interval An Electrocardiogram (ECG) trace pattern (comprising three ECG waves: Q, R
and S) corresponding to the depolarisation of the right and left ventricles of the
heart. The duration or ‘width’ of the QRS interval is an indicator of ventricular
dyssynchrony.

QT Qand T wave on ECG

QWBS Quality of well being schedule

WTP Willingness to pay
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1 BACKGROUND

This technology assessment has been undertaken on the request of the NIHR HTA programme to
inform the National Institute of Health and Clinical Excellence (NICE) appraisal of ‘Implantable
cardioverter defibrillators for the treatment of arrhythmias and cardiac resynchronisation therapy for
the treatment of heart failure (review of TA95 and TA120)’.

1.1 Description of underlying health problem

This assessment encompasses people at risk of sudden cardiac death (SCD) as a result of ventricular

arrhythmias (abnormal heart rhythms) and people with heart failure (HF) as a result of left ventricular

systolic dysfunction (LVSD) and cardiac dyssynchrony. For the purposes of this assessment and in

line with the NICE scope,* three populations are considered:

1. People at increased risk of SCD as a result of ventricular arrhythmias despite receiving optimal
pharmacological therapy (OPT).

2. People with heart failure as a result of LVSD and cardiac dyssynchrony despite receiving OPT.

3. People with both conditions described above.

In practice, however, these are not distinct populations and there is considerable overlap between the

groups, such that people with HF due to LVSD are at risk of SCD from ventricular arrhythmia.

1.1.1 Sudden cardiac death

The widely accepted definition of SCD is a sudden and unexpected death from cardiac causes within
an hour of the onset of symptoms.> Coronary heart disease (CHD) (narrowing or blocking of the
coronary arteries) is the most common clinical finding associated with SCD, with about 80% of such
deaths linked to this condition (Figure 1). CHD causes SCD mainly because it can lead to ventricular
tachycardia (VT) which is an abnormally fast heart rhythm originating in one of the ventricles, and
ventricular fibrillation (VF), which is an uncoordinated and erratic contraction of the heart muscle of
the ventricles. Patients with cardiomyopathies (diseases of heart muscle) account for a further 10% to
15% of SCD and there is likely to be significant overlap between this group and those with CHD (i.e.
some patients will have both conditions). The remaining 5-10% of SCD cases are associated with
other disorders, either structurally abnormal congenital cardiac conditions or structurally normal but

electrically abnormal hearts.?
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Coronary disease 80%

B Cardiomyopathies 10-
15%

m Other 5-10%

Figure 1: Proportions of SCD by different aetiologies®

Deaths in England and Wales due to CHD in 2010 numbered 140,301 (Table 1). It is thought that
approximately 50% of all CHD-related deaths are SCDs.* The cause of SCD is frequently VT or VF,
but may also be due to asystole (cessation of electrical activity in the heart), or causes other than
arrhythmias (e.g. ischaemia)®® Commonly, VT develops initially, followed by degeneration to VF
which then leads to the development of asystole.” According to guidelines of the American College
of Cardiology, American Heart Association and European Society of Cardiology for management of
patients with ventricular arrhythmias and the prevention of SCD,® VVF is the rhythm recorded at the
time of sudden cardiac arrest in 75%-80% of cases. There is evidence that the incidence of VT/VF
events has declined over time, perhaps reflecting an impact of treatment strategies targeted at

coronary artery disease.”"?

Table 1: Deaths in England and Wales due to CHD and SCD in 2010

Total Males Females
Coronary heart disease *** 140,301 81,405 58,896
Sudden cardiac death® 70,151 40,703 29,448
Ventricular fibrillation® 52,613-56,121 30,527-32,562 22,086-23,558

% Deaths from coronary heart disease defined as ICD codes 120 to 125 inclusive.™ ® Estimated as 50%
of deaths from CHD.* ¢ Estimated as 75-80% of SCD.®

People known to be at risk of SCD include patients who have already experienced a prior event which
they survived such as life-threatening arrhythmia (accounting for 5-10% of SCD), hemodynamic
abnormalities including HF (7-15% of SCD) and acute coronary syndromes such as myocardial
infarction (MI) and angina pectoris (< 20% of SCD).* However, in 30% or more of SCDs, CHD had
not been previously diagnosed in the patient and in the final third of SCDs, the patients were known to

have cardiac disease but were considered to be at low risk for SCD.*
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A recent systematic review of 67 studies world-wide™ estimated that the average survival rate for
adults following an out of hospital cardiac arrest was 7%. Depending upon the clinical scenario, a
small proportion of people who do survive a first life-threatening cardiac episode may remain at a
high risk of further episodes (e.g. if VF is due to left ventricular dysfunction). Secondary prevention
(prevention of an additional life-threatening event) may therefore be required. When appropriate
treatment and secondary preventive strategies are implemented, recent studies have reported 5 year
survival ranging from 69 to 100%,"*!" although these may over-estimate survival. It is important to
recognise the multiple causes of the electrical process of VF, since not all patients with VF will be
amenable to ICD therapy. For example, VF or VT occurring as a primary electrical process in
Brugada syndrome would be expected to respond well to ICD therapy, whereas VF due to massive
heart damage in a major acute MI may not. Deciding on the rational use of ICD therapy can be
complex, as the risk of arrhythmic death and therefore the potential benefit from ICD therapy varies
between pathologies (e.g. ischaemic heart disease, non-ischaemic cardiomyopathy, or electrical
disease) and also with the progression of the disease (e.g. the impact of ICD may vary depending

upon the time after an M1 that the therapy is started).

Preventing a first life-threatening event (primary prevention of SCD) is challenging because it
requires identifying people with a sufficient level of risk for primary prevention to be appropriate.
There are multiple risk factors for SCD which include increasing age, hereditary factors, being in the
top 10% of risk for coronary atherogenesis, inflammatory markers (e.g. C-reactive protein),
hypertension, left ventricular hypertrophy, intraventricular conduction abnormalities (e.g. left bundle-
branch block), obesity, diabetes and lifestyle factors (e.g. smoking, excessive alcohol consumption,
lack of physical activity, social and economic stressors).® Currently no optimal strategy for risk

stratification exists.*®

1.1.2 Heart Failure

HF is a clinical syndrome characterised by symptoms (breathlessness and fatigue) and signs (fluid
retention) caused by failure of the heart to pump adequately. It is usually a chronic condition
predominantly affecting people over the age of 50 years and has a poor prognosis.® Coronary artery
disease (ischaemic heart disease) has been identified as the most common cause of HF in two UK
studies.””®* Other causes of HF are LVSD, hypertension, valve disease, atrial fibrillation or flutter,
cardiomyopathy (either hypertrophic or restrictive) or cor pulmonale (pulmonary heart disease). The
cause of HF was unknown in approximately a third of cases.?*** The NICE scope for this appraisal®
focusses on HF that is a result of LVSD. LVSD is an impairment in the ability of the left ventricle to

pump blood into the circulation during contraction (systole).*®
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The prognosis for HF patients is poor with deterioration in quality of life (QoL) and reduced life
expectancy.’® In addition, HF patients may also be at risk from SCD. Patients with HF and LV/SD
from the Echocardiographic Heart of England Screening Study (ECHOES) cohort had a 5- year
survival rate of 53%%* and 3.8% of the deaths that occurred among those with HF and LVSD were
sudden deaths,?
ECHOES for those with HF and LVSD was 27.4%.% The severity of HF graded according to the

New York Heart Association (NYHA) classification is an indicator of prognosis.”**’ This system has

although SCD may be underestimated in this study. The 10-year survival in

four classes to which patients can be assigned with severity increasing with class number from I to 1V
(Table 2), however it is worth noting that clinicians may differ in the way they interpret and assign

these classes.?®

Table 2: NYHA Heart Failure Classification

Class | Comfort at rest? Limitation to Effect of physical activity

physical activity?

I Yes None No undue fatigue, palpitation, dyspnoea or
angina pain.
I Yes Slight Ordinary physical activity can result in

fatigue, palpitation, dyspnoea or angina

pain

I Yes Marked Less than ordinary activity causes fatigue,

palpitation, dyspnoea, or angina pain.

v May have HF or angina Always Unable to carry our any physical activity

symptoms even at rest without new or increasing discomfort

The most recent estimates for the incidence of HF in the UK come from the General Practice
Research Database (GPRD).”® In 2009 these data indicated that HF incidence (per 100,000 person
years) was higher in Wales (men 44.6/100,000 and women 24.9/100,000) than in England (men
37.5/100,000 and women 23.0/100,000). Incidence of HF increased with age, being highest in those
over age 75 years (e.g. in England, men 326.0/100,000 and women 256.2/100,000) and incidence
rates are higher in men compared with women for all ages. From these data and those for Scotland
and Northern Ireland, it has been estimated that there are over 27,000 new cases of HF in the UK each

year.”

The corresponding estimates for the prevalence of HF in the UK derived from the GPRD? are similar

in England and Wales (for all ages in men 0.9% in England and 1.0% in Wales, for all ages in women

27




0.7% in England and Wales). In total this corresponds to almost 160,000 cases in England and Wales
in 2009. Data from the ECHOES cohort have indicated that from the total HF cases identified,
approximately 50% have HF with LVSD.? Applying this proportion to the prevalence data for
England and Wales from the GRPD would suggest approximately 80,000 cases of HF with LVSD in
2009.

1.2 Description of the technology under assessment

The current technology assessment concerns specific types of cardiac implantable electronic devices
for the prophylaxis and/or treatment of conduction system disease that use one or more of the

following approaches to restore normal heart rhythm:

e ‘pacing’ - a series of low-voltage electrical impulses delivered at a fast rate to correct the

heart rhythm;

e cardioversion’ - one or more small electric shocks delivered to the heart to restore a normal

rhythm; or

o ‘defibrillation’ - one or more large electric shocks delivered to the heart to restore a normal

rhythm

Cardiac resynchronisation therapy (CRT) devices are a specific type of cardiac pacemaker that have
three conducting leads (connected to the right atrium and both ventricles) and are used to correct
inconsistency of the heartbeat between the right and left sides of the heart (dyssynchrony), referred to

as biventricular pacing. These devices are known as CRT-pacers (CRT-P) (or biventricular pacers).

Implantable cardioverter defibrillators (ICDs) are used to provide cardioversion and/or defibrillation
shocks to correct more serious dysfunction of the heart rhythm, including VT, VF and asystole, any
one of which may be associated with SCD. ‘Single chamber’ ICDs have a single conducting lead
connected only to the right ventricle; ‘dual chamber’ ICDs have two leads, connected to the right
atrium and right ventricle. In addition to their cardioversion and defibrillation ability, modern ICDs
provide the functionality of a standard pacemaker to treat slow heart rhythms (if necessary) by pacing
the right-hand chamber(s) of the heart.

Modern types of CRT device may combine both the functionality of a CRT-P and that of an ICD, and
these are referred to as CRT-defibrillators (CRT-D).
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CRT is aimed at a specific subset of the heart failure population with evidence of delayed left
ventricular activation (as manifest by prolongation of the QRS complex). Because this population is a
priori at risk of arrhythmic death, CRT can be combined with an ICD. ICDs and CRT-D are
appropriate for patients with a high risk of SCD, whilst CRT-P are appropriate in patients with less
serious cardiac arrhythmias. However, as noted above heart disease is a complex and progressive
condition, and patients who are initially implanted with a CRT-P may subsequently develop heart

disease and risk of SCD, and an upgrade from a CRT-P to a CRT-D or ICD may be appropriate.®

Although they may differ in function, CRT and ICD devices are similar in size and structure, about
the size of a pocket watch (capacity 30-40 cc, weight around 70g, thickness approximately 13mm)
and consist of a battery-powered pulse generator controlled by a microcomputer. They are implanted
under the skin, typically just below the collar bone on the left or right side of the chest, and
(depending on the device type), have one or more leads (tiny wires) which are routed through veins to
the heart’s chambers for sensing electrical activity and for providing the corrective pacing,
cardioversion and/or defibrillation impulses. Modern CRT and ICD devices store a record of the
heart’s electrical activity and contain a wireless transmitter/receiver to enable the device to be
programmed and interrogated from an external computer using wireless telemetry. Readings from a
device may be transmitted by telephone, enabling the cardiologist to remotely check the performance

of the device while the patient is at home.

Early devices were implanted by the trans-thoracic method, but current CRT and ICD devices are
placed under the skin in the pectoral region with trans-venous insertion of the leads into the heart
under local anaesthesia, using high-resolution X-ray angiography to guide the placing of the leads.
The procedure for primary prevention typically requires a maximum of one night’s stay in hospital.
For secondary prevention the length of stay will depend upon any underlying health problems. The
longevity of CRT and ICD devices is limited by their battery life, which is in the range 4 to 7 years,
depending on a number of factors including the pacing mode, pacing percentage, and capacitor
recharge interval *** Replacement of batteries alone is not feasible, so when the battery is due for
renewal the pulse generator unit has to be replaced, in a minor surgical procedure. Where possible the
connecting leads are left in situ and only the generator unit itself replaced, although eventually one or

more of the connecting leads may also require replacement.

Modern devices can be specifically programmed to deliver resynchronisation shocks independently to
the atria and ventricles of the heart to correct a wide range of arrhythmias. The devices can also be
programmed according to which of the heart’s chambers they monitor (sense) to detect existing

electrical activity. The ability of CRT and ICD devices to recognise different types of arrhythmia may
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enable them to deliver more appropriate therapy, in particular lessening the incidence of inappropriate
shocks. Several coding systems (typically comprising three to five letters) have been developed to
indicate the programmed pacing/sensing modes. A widely-used code developed by The Heart Rhythm
Society and the British Pacing and Electrophysiology Group (BPEG) consists of three letters to
describe the pacing chamber, (atrium, A; ventricle, V; or dual (i.e. both), D), the sensed chamber (A,
V, or D), and whether pacing is inhibited () or activated in response to the sensed beat, or, if dual
pacing and sensing are programmed, whether dual (D) inhibition and activation (for the different
chambers) occurs. As an example, the code “VVI” would indicate ventricular pacing (shocks are
delivered to the ventricle), ventricular sensing (electrical activity is monitored in the ventricle), and
that pacing is inhibited if an electrical beat is sensed in the ventricle. To illustrate a more complex
example, the code “DDD” would indicate a device programmed for dual-chamber pacing and sensing.
In this case the atrium would be stimulated if sinus bradycardia is detected. Both atrium and ventricle
would be stimulated if bradycardia exists independently in both chambers. If heart block exists with
normal sinus function the ventricle would be paced in synchrony with the atrium, and if sinus rhythm

exists pacing would be totally inhibited.

The most recent development in cardiac implantable electronic devices is the ‘subcutaneous ICD’ (S-
ICD), which was approved by the US Food and Drug Administration in April 2012. The S-ICD is
positioned just under the skin, outside the rib cage, and can be implanted under local anaesthesia. The
electronics and batteries of the S-ICD enable it to deliver enough energy to defibrillate the heart
without the need for a connecting lead to the heart, which avoids lead-related complications including
the risk of dangerous infections (other potential procedural complications are considered below). A
disadvantage of the S-ICD, however, is that it cannot provide long-term pacing. An RCT comparing
S-ICD with tranvenous ICD (NCT01296022)* is currently underway and due to complete in March
2015, and a registry study of S-ICD (NCT01085435)* is due to complete in December 2016.

Potential procedural complications

The most challenging technical aspect of a CRT device implantation is the optimal placement of the
third lead in the coronary sinus vein. The final position of the LV pacing lead depends on the anatomy
of the cardiac venous system, as well as the performance and stability of the pacing lead and the need
to avoid phrenic nerve stimulation (PNS).*® The left phrenic nerve (which sends signals between the
brain and the diaphragm) may be stimulated by the LV pacing lead, causing uncomfortable
diaphragmatic twitch, which could prevent optimal LV lead placement and can hinder LV stimulation.
PNS occurs in around 20% of patients with bipolar leads.*” A recent systematic review of
implantation-related complications in 11 ICD and 7 CRT trials suggests that the most common
complications include coronary vein dissection (1.3%) and coronary vein perforation (1.3%), with

coronary vein-related complications occurring in only 2.0% of patients.® This low rate is attributed to
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the growing experience of physicians combined with technical progress.® Overall incidence of lead
dislodgement for non-thoracotomy ICDs was 1.8%, with higher rates of lead dislodgement in the CRT
trials, which varied from 2.9% to 10.6%.% The reported rate of overall leads dislodged during and
after 3,095 successful implantations was 5.9%.%® A recent study in the USA,* which was based on the
National Cardiovascular Data Registry, found that, after adjusting for diagnostic test results and
comorbidities, dual-chamber 1CDs were associated with a 40% greater odds of procedural
complications and 45% greater odds of mortality than single-chamber ICDs, illustrating a greater risk
of procedural complications with the more complex types of ICD device. Another recent study in the
USA™ examined 16-year trends from 1993 to 2008 in the incidence of infections related to cardiac
implantable electronic devices, based on data from the National Inpatient Sample (NIS). There has
been a marked increase in infection incidence, notably since 2004, and this has been associated with
an increase in in-hospital mortality and increased treatment costs. Reasons for the increased incidence
of device-related infections are unclear, but could be related to the increased use of ICD and CRT
devices relative to traditional pacemakers. Due to the demands placed on the battery, the longevity of
ICD and CRT devices is lower than that of traditional pacemakers, and the need for more frequent
surgical replacement of ICDs and CRT devices might at least in part explain why the number of

device-related infections has increased.

Setting, cost and equipment

CRT and ICD device implants are carried out in local hospital or cardiac centres and can take from
one to three hours depending on the type of device. Implantation of bi-ventricular or
resynchronisation devices are more complicated and take longer than other ICDs. Implantation
procedures are usually performed by senior cardiologists with specialist training in the technique,
supported by cardiac technicians and nurses. Follow-up visits for patients can be as often as every 3 to
12 months, requiring support from senior cardiologists, cardiac nurses and technicians. According to
the HRS/EHRA Expert Consensus, while neither direct nor remote monitoring follow-up visits should
be longer than 12 months, six monthly follow-up for ICD and CRT-D devices are recommended.*

The increasing complexity of devices could impact on the time needed for follow-up visits.

The costs of implantable resynchronisation and defibrillation devices based on NHS Purchasing and
Supply Agency estimates including leads (but excluding VAT) were reported by Buxton and
colleagues (ICDs)** and Fox and colleagues (CRT-P and CRT-D devices).*® At 2012 prices (based on
an adjustment for inflation*") the costs would be around £4,091 for a CRT-P device, £17,184 for a
CRT-D device, and £18,303 for an ICD, although the costs may vary in different settings due to
negotiated procurement discounts.* In addition to the cost of the device itself, high quality digital X-
ray equipment is necessary for coronary sinus angiography and positioning of the LV pacing lead, as

well as an external ICD programmer (a telemetry computer commercially produced and marketed for
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use with the device*) to enable the cardiologist to adjust the settings of the ICD after surgery or at

follow-up visits as required.

1.3 Management of the disease

Existing guidelines for SCD and HF include NICE guidance on ICDs for arrhythmias® and CRT for
HF,* and NICE clinical guideline on management of chronic HF.*” Guidelines on the use of CRT
have also been published by the European Society of Cardiology,* the Heart Failure Society of
America® and jointly by the American College of Cardiology Foundation and the American Heart
Association.® A 10-year National Service Framework for Coronary Heart Disease was published by
the UK Department of Health in 2000,> but this did not make specific recommendations on the use of
CRT or ICD devices and is now out of date. Given the absence of a national framework, Heart

Rhythm UK has recently developed standards for the implantation and follow-up of CRT devices.*

1.3.1 SCD
Diagnosis of SCD

Since SCD can happen without warning, it is important for general practitioners and secondary care
providers to be aware of risk factors so that patients at high risk of SCD can be identified and referred
for cardiac evaluation. A range of diagnostic tests may be used to identify risk of SCD. An ECG can
detect abnormalities in the heart’s electrical activity and may reveal evidence of heart damage due to
coronary heart disease, or signs of a previous or current heart attack. Electrophysiological (EP) testing
is sometimes used to identify the origins of an arrhythmia and programmed electrical stimulation
(PES) of the heart may be used in stimulating the heart to induce the arrhythmia. An EP or PES study
may be used prior to implantation of an ICD in order to confirm the need for an ICD or diagnostic
work-up. Other tests that may be used to identify SCD risk include ultrasound echocardiography and
cardiac MRI (to image or film different parts or the whole of the heart), blood tests (to check
concentrations of chemicals involved in heart function, e.g. potassium and magnesium), and cardiac
catheterisation (e.g. if blood samples from within the heart are required, or to inject dye for

angiographic studies).

Implantable devices for SCD

Ventricular arrhythmia, particularly sustained VT and VF are life-threatening events. For patients who
meet specified treatment criteria, the NICE guidance issued in 2006 (TA95)* recommends that ICD
(or CRT-D) therapy is recommended as a prophylactic intervention to reduce the risk of SCD
(primary prevention) and also to prevent any further episodes (secondary prevention) in patients who

meet specified treatment criteria. Patients with sustained ventricular arrhythmias associated with
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haemodynamic compromise in the presence of LVSD should be considered for ICD therapy after
reversible factors are addressed. Patients with LVSD and who have recently had a myocardial
infarction (MI) or patients who have a cardiac condition that is associated with a high risk of sudden
death should also be considered for ICD therapy in addition to optimal pharmacological therapy
(OPT). OPT (as described below) is used as an adjunct or provided for those patients for whom an

ICD would not be appropriate (e.g. those with a severely limited prognosis).

Specific recommendations of the NICE guidance®™ (which does not cover non-ischaemic dilated
cardiomyopathy) are that ICDs may be used as primary prevention if patients have a history of
previous (> 4 weeks) MI and either have left ventricular (LV) dysfunction with an LVEF <35% (no
worse than NYHA class I11) and non-sustained VT on Holter [24-hour electrocardiogram (ECG)]
monitoring, and inducible VT on electrophysiological (EP) testing; or left ventricular dysfunction
with an LVEF of <30% (no worse than NYHA class 111) and QRS duration of > 120 milliseconds;
individuals with a familial cardiac condition with a high risk of sudden death, including long QT
syndrome, hypertrophic cardiomyopathy, Brugada syndrome or arrhythmogenic right ventricular

dysplasia (ARVD), or have undergone surgical repair of congenital heart disease.*”

ICDs as secondary prevention for arrhythmias are recommended for individuals who present, in the
absence of a treatable cause, with one of the following: survived a cardiac arrest due to either VT or
VF; spontaneous sustained VT causing syncope or significant haemodynamic compromise; sustained
VT without syncope or cardiac arrest, and who have an associated reduction in ejection fraction
(LVEF <35%) (no worse than NYHA class 111).°

Optimal pharmacological therapy for SCD

Chronic prophylactic anti-arrhythmic drug therapy is aimed at suppressing the development of
arrhythmias in patients at high risk of SCD. The class Il drugs, such as amiodarone, have been shown
to have the best efficacy profile and are very commonly used. These drugs may enhance the
maintenance of sinus rhythm, but cannot terminate an arrhythmia once it is initiated. A meta-analysis
based on 8522 patients from 15 trials found that amiodarone reduced the risk of SCD by 29% and
cardiovascular death (CVD) by 18% in patients at risk of SCD.** However, amiodarone therapy was
neutral with respect to all-cause mortality and was associated with a high discontinuation rate and
significant end-organ adverse reactions including hepatic, pulmonary, and thyroid toxicity, with a
two- and five-fold increased risk of pulmonary and thyroid toxicity respectively® Other drugs that
may be included in the optimal pharmacological therapy of SCD are ACE inhibitors (recommended
for all patients with LV systolic dysfunction to improve ventricular geometry and function),
aldosterone receptor antagonists (for people resistant to other drug therapy) and beta blockers (to

reverse ventricular remodelling) amongst others.>
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1.3.2 HF

Diagnosis of HF
The NICE clinical guideline CG108, “Chronic heart failure: Management of chronic heart failure in

4" provides a diagnostic pathway for HF, the key elements of

adults in primary and secondary care
which are shown in Figure 2. Serum natriuretic peptides (protein substances secreted by the wall of
the heart when it is stretched or under increased pressure) should be measured in people with
suspected heart failure without M1, although the guideline cautions that levels of serum natriuretic
peptides (SNPs) can be reduced by certain conditions (e.g. obesity) or treatments [e.g.
diuretics,angiotensin-converting enzyme (ACE) inhibitors, beta-blockers]. Conversely other
conditions [e.g. left ventricular hypertropy, renal dysfunction, chronic obstructive pulmonary disease
(COPD)] can cause high levels of SNPs. Therefore an electrocardiogram (ECG) and other tests (e.g.
chest X-ray, blood tests, urinalysis, spirometry) may be required to evaluate other possible diagnoses.
Transthoracic Doppler 2D echocardiography is used to assess the function (systolic and diastolic) of
the left ventricle, to detect intracardiac shunts, and to exclude important valve disease. If a poor
image is obtained, other imaging methods (e.g. radionuclide angiography, cardiac magnetic resonance

imaging, or transoesophageal Doppler 2D echocardiography) can be considered.
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suspected HF
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Measure serum natriuretic peptides:
- B-type natriuretic peptide [BNP]
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- N-terminal pro-B-type natriuretic
peptide [NTproBNP])

BNP > 400 pg/ml BNP 100-400 pg/ml

(116 pmol/L) (29-116 pmol/L)

or or

NTproBNP > 2000 pg/ml NTproBNP 400-2000 pg/ml

(236 pmol/L) (47-236 pmol/L)

Urgent referral
within 2 weeks

Referral within 6
weeks

- =

Doppler 2D echocardiography
and specialist assessment

Figure 2: Key elements in the NICE Heart Failure Guideline diagnostic pathway*

Management of HF

A patient presenting with the typical signs and symptoms of heart failure should receive specialist

assessment including echocardiography.*’ If heart failure is diagnosed the goals of treatment are to

reduce mortality and improve the health outcome of patients. In clinical practice, pharmacological

agents are routinely used as the first-line therapy in managing heart failure* (details of OPT for HF

are given below).

In addition to drug therapy, according to the NICE clinical guideline, individuals should be

encouraged to participate in exercise-based cardiac rehabilitation (including a psychological and

educational component), to give up smoking if applicable or be referred to a smoking cessation

service, and to abstain from alcohol consumption if they have alcohol-related HF.4 Similarly, the

European Society of Cardiology recommends that individuals with HF should be enrolled in a

multidisciplinary-care management programme.®
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Implantable devices for HF

As the severity of heart failure symptoms increases, a patient’s symptoms may no longer be controlled
by OPT or lifestyle changes. There are multiple syndromes associated with heart failure that could
predispose patients to the need for further intervention. In patients with heart failure, the existence of
a modifiable risk factor such as arrhythmias may constitute a rationale for the use of multiple
interventions. The NICE pathway for chronic heart failure®™ indicates that when symptoms are not
controlled by optimal pharmacological therapy, treatment with a CRT-P or a CRT-D can be

considered for patients meeting specific criteria.

Current NICE guidance issued in 2007 (TA120)*® recommends CRT-P as a treatment option for
individuals with HF who fulfil all the following criteria: are currently experiencing or have recently
experienced NYHA class I1-1VV symptoms; are in sinus rhythm - either with a QRS duration of 150
ms or longer estimated by standard ECG or with a QRS duration of 120-149 ms estimated by ECG
and mechanical dyssynchrony that is confirmed by echocardiography; have a LVEF 0£35%; are

receiving OPT. CRT-D may be considered for individuals who fulfil the criteria for implantation of a

CRT-P device and who also separately fulfil the criteria for the use of an ICD device (see above).

Comments received from a clinical expert indicate that CRT is increasingly being considered for
people without symptoms with the aim of improving prognosis by modifying the natural history of
heart failure. Another interventional procedure that may be considered for patients with severe
refractory symptoms is cardiac transplant. For those awaiting a donor heart, short-term circulatory

support with a left ventricular assist device (LVAD) may be indicated.>’

Optimal pharmacological therapy for HF

Optimal medical drug therapy for HF can include ACE inhibitors, diuretics (for the relief of
congestive symptoms and fluid retention), beta-blockers, aldosterone antagonists, digoxin (if
symptoms continue despite ACE inhibitors), amiodarone, anticoagulants (to reduce the risk of stroke),
aspirin (to reduce the risk of vascular events), statins (to reduce the risk of MI and stroke), inotropic
agents (to stimulate the heart muscle) and calcium channel blockers (for co-morbid hypertension and

angina).

The NICE 2010 clinical guideline suggests that medical drug therapy for HF has two aims — firstly to
improve patients’ morbidity (by reducing symptoms, improving exercise tolerance, reducing hospital
admissions and improving QoL) and, secondly, to improve patients’ prognosis (by reducing all-cause
mortality or HF-related mortality). According to the guideline, first-line treatment should include
both ACE inhibitors and beta-blockers licensed for HF for all individuals with HF due to LVSD.*
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If an individual remains symptomatic despite optimal therapy with an ACE inhibitor and a beta-
blocker, second-line treatment recommendations are to add one of the following: an aldosterone
antagonist licensed for HF [especially if the patient has moderate to severe HF (NYHA class 111-1V)
or has had an M1 within the past month] or an angiotensin Il receptor antagonist (ARB) licensed for
HF [especially if the patient has mild to moderate HF (NYHA class I1-111)] or hydralazine in
combination with nitrate [especially if the patient is of African or Caribbean origin and has moderate
to severe HF (NYHA class 111-1V)].*

Pharmacological recommendations for all types of HF include diuretics, calcium channel blockers,
amiodarone, anticoagulants, aspirin and inotropic agents (such as dobutamine, milrinone or
enoximone). ACE inhibitor therapy should not be initiated in individuals with a clinical suspicion of

haemodynamically significant valve disease.*’

1.4 Current service provision

Current service provision is difficult to ascertain since the most recent audits of the use of CRT

devices and ICDs in England and Wales™*

suggest there is considerable regional variation in implant
rates. There is also a lack of information on patient referral patterns for the receipt of

resynchronisation and defibrillation devices in the NHS.%

The National Heart Failure Audit April 2010-March 2011°* did not capture any information on the use
of CRT devices or ICDs, but recommended that such data should be collected in future audits.

The most recent study to have reported the use of CRT devices and ICDs was the “Cardiac Rhythm
Management: UK National Clinical Audit 2010 which compared the rates of implantation of
bradycardia pacemakers, ICDs and CRT devices during 2000-2010 in comparison with national
targets (a recent update of the audit provides additional data for January to December 2011, but is an
interim version pending final publication®). The audit collected data from 28 cardiac networks
(regional groups of hospitals providing implants of pacemakers, CRT devices and ICDs) in England.
There is clearly wide regional variation in the rates of implantation, with some cardiovascular
networks having achieved or exceeded national target implant rates during 2010 whilst other networks
have not (Table 3). However, there is some debate about what the national targets should be. For
example, a target of 100 ICD implants per million patients per annum has been proposed®® but other
estimates that assume adherence to published guidelines suggest the annual implant rate for ICDs
should be higher, between 105 and 504 per million patients.” The wide regional variation in implant
rates appears to suggest underuse in regions with low implant rates.?® The audit® noted that the ratio
of CRT-P implants to CRT-D implants and the ratio of ICD to CRT-D implants were highly variable

among the cardiac networks in England, but it is not possible to determine the extent to which this

37



variation reflects differences in local clinical practice and/or differences between patient populations.
A study of ICD referral patterns in a single cardiac network in southern England® found that implant
rates were higher in areas whose local hospital was a regional cardiac centre compared to district
general hospitals (with or without a device specialist), suggesting that some of the observed regional
variation may reflect the structure of cardiac networks (the number and type of hospitals they include)
and their patient referral pathways.®® The discrepancy observed within the study of cardiac network
was greatest with respect to the use of ICDs for coronary artery disease primary prevention
indications, and the authors suggested that this most likely reflects underuse of the therapy in the
district hospitals rather than overuse in the regional cardiac centre.® A related study in the same
cardiac network retrospectively investigated the management of ICD-implanted patients who
developed heart failure.®” Such patients may potentially benefit by being upgraded from an ICD to a
CRT device. However, only a low proportion of these patients was found to have received an upgrade,
raising the question of whether a CRT device might have been a more appropriate initial choice than

an ICD for this patient subgroup.®

Table 3: Device implant rates in England during 2010 compared with national targets™

Device type Average® (range) number of National target (number of
implants per million patients, implants per million patients,
adjusted for age and sex adjusted for age and sex)

ICD 72 (34-131) 100

All CRT devices (CRT-P | 114 (68-182) 130

+ CRT-D)

All defibrillator devices 131 (81-197) Not reported

(ICD + CRT-D)

% not explicitly stated whether mean or median

The audit® reported data on the types of physiological pacing that were employed and also some data
on the presenting symptoms and electrocardiogram patterns in patients with implants. Since there is
substantial overlap in the indications for resynchronisation and defibrillation devices,* clinicians’
choice between ICD, CRT-D and CRT-P devices may in some cases have been arbitrary,*® and the
audit did not discriminate between all the possible pacing and defibrillation modes that can be
programmed in modern implantable devices. Overall, in England during 2010, ICDs were the device
type employed most frequently for syncope/cardiac arrest with VT/VF; CRT-D devices were the most
frequent type implanted for heart failure with VT/VVF; and CRT-P devices were the most frequent type
employed in patients who had heart failure without VT/VF. Both CRT-D and ICD, but rarely CRT-P,

were used for prophylaxis (Table 4). All device types were implanted more often in males than

38



females (80.1% of ICDs, 83.4% of CRT-D and 68.4% of CRT-P devices were in males). In 2011, a
much higher proportion of CRT-D devices was implanted for primary prevention than for secondary
prevention (78.3% vs 21.7% respectively), although the proportions of ICDs for primary and

secondary prevention were similar (48.3% and 51.4% respectively).”

Table 4 Combinations of presenting symptoms and ECGs in resynchronisation and defibrillation

device implant patients in England, 2010 (%)

Presenting symptom and ECG ICD CRT-D | CRT-P | Total
(rounded)

Syncope/cardiac arrest and VT/VF 79.3 20.4 0.2 100

Heart failure and VT/VF 29.8 68.2 1.9 100

Heart failure and any rhythm except VT/VF 3.9 20.6 75.5 100

Prophylactic (ho symptoms) — all presenting ECGs 48.5 48.8 2.7 100

The demand for device implants will increase due to a growing ageing population. In addition, there
are increasing demands to expand the use of CRT devices, i.e. to include individuals with NYHA
class I-1l symptoms, ejection fraction of less than 30% and QRS wider than 130 milliseconds. This
will increase the burden on existing services within cardiology, as well as raising the importance of
device costs. The UK National Clinical Audit®® confirms that there has been a substantial increase in
the number of CRT and ICD devices implanted in England and Wales during 2000-2010. The interim
update of the audit® suggests, however, that although more ICDs per million patients were implanted
in England in 2011 than in 2010, the rate of increase has slowed, and, overall, the total number of

CRT implants per million patients was similar during 2010 and 2011.

In addition to the variation within the UK (Table 3), there is considerable variation in the utilisation of
implantable defibrillators across Europe®® and ICD/CRT-D implant rates are considerably higher in
the USA than in Europe.®® The UK has approximately 0.7 ICD implant centres per million
population, which is lower than in France, Germany, ltaly and the USA.% It has been suggested that
lower utilisation rates may reflect three main factors: a shortage of implant centres and
electrophysiologists; poorly developed referral strategies/care pathways; and problems with specialist

health care investment.®® The recently-collected data®®

suggest that systematic planning of ICD
services is lacking in the UK, with under-utilisation of CRT and ICD devices, although it is unclear if

this impacts on the equality of service provision.
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2 DEFINITION OF THE DECISION PROBLEM

This section states the key factors that will be addressed by this assessment, and defines the scope of
the assessment in terms of these key factors in line with the definitions provided in the NICE scope. *
This assessment updates and expands on two previous technology assessment reports: ‘The clinical
and cost-effectiveness of implantable cardioverter defibrillators: a systematic review’® (which itself
was an update of a TAR published in 2000%°) and “The clinical effectiveness and cost-effectiveness of
cardiac resynchronisation (biventricular pacing) for heart failure: systematic review and economic
model’.*® The key differences between the present assessment and the previous assessments are

outlined below and summarised in Appendix 1.

2.1  Decision problem

The interventions included within the scope of this assessment are ICD, CRT-P and CRT-P, each in
addition to OPT.

Three populations are defined by the NICE scope:®*
1. People at increased risk of SCD as a result of ventricular arrhythmias despite OPT;
2. People with HF as a result of LVSD and cardiac dyssynchrony despite OPT,;

3. People with both conditions described above.

The first group, people at risk of SCD as a result of ventricular arrhythmias, includes and expands on
the population considered in the previous ICDs TAR.® For the present assessment this population is
not restricted by NYHA classification and there is no specified cut-of for LVEF. The second group,
people with HF as a result of LVSD and cardiac dyssynchrony, includes and expands on the
population considered in the previous CRT TAR.* As in the previous TAR, this population is not
restricted by NYHA classification in the present assessment, but unlike the previous TAR there is no
specified cut-off for LVEF. The third group, people with both conditions, were not considered in the
previous TARs.**®® People with cardiomyopathy are not excluded from consideration in this

assessment.

Whilst the three populations are considered separately within the report for the purposes of this
assessment, it is acknowledged that in practice these are not distinct groupings and that there is
considerable overlap between the groups; people with HF due to LVSD are at risk of SCD from

ventricular arrhythmia.
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The NICE scope® did not indicate whether any subgroups of patients were of interest. No subgroups
were predefined in the earlier guidance TA95, but subgroup analyses were reported in some included
studies by left ventricular ejection fraction (LVEF), QRS duration, and history of HF requiring
treatment. Subgroups that were thought to be of interest in TA120 and were therefore predefined
were age, atrial fibrillation, NYHA class, degree of LVSD, degree of dyssynchrony, ischaemic and
non-ischaemic heart failure. Relevant subgroups for the current assessment may also include renal

failure. If sufficient evidence is available consideration will be given to these subgroups.

The relevant comparisons for this assessment are as follows:
e For people at increased risk of SCD as a result of ventricular arrhythmias despite OPT, ICD
will be compared with standard care (OPT without ICD);
o For people with HF as a result of LVSD and cardiac dyssynchrony despite OPT, CRT-P and
CRT-D will be compared with each other or with standard care (OPT without CRT);
e For people with both conditions described above, CRT-D will be compared with ICD, CRT-P

or standard care (OPT alone).

The clinical outcomes of interest include mortality (including progressive HF mortality, non-HF
mortality, all-cause mortality and SCD), health-related quality of life (HRQoL), symptoms and
complications related to tachyarrhythmias and/or HF, HF hospitalisations, change in NYHA class,
change in left ventricular ejection fraction, and adverse effects of treatment. Outcomes for the
assessment of cost-effectiveness will include direct costs based on estimates of health care resources
associated with the interventions as well as consequences of the interventions, such as treatment of

adverse events.

2.2 Overall aims and objectives of assessment

The aims of this health technology assessment are threefold:

o to assess the clinical-effectiveness and cost-effectiveness of ICDs in addition to OPT for the
treatment of people who are at increased risk of SCD as a result of ventricular arrhythmias
despite receiving OPT;

. to assess the clinical-effectiveness and cost-effectiveness of CRT-P or CRT-D in addition to
OPT for the treatment of people with HF as a result of LVSD and cardiac dyssynchrony
despite receiving OPT;

o to assess the clinical-effectiveness and cost-effectiveness of CRT-D in addition to OPT for the
treatment of people who have both an increased risk of sudden cardiac death as a result of
ventricular arrhythmias and heart failure as a result of LVSD and cardiac dyssynchrony
despite OPT.
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3 METHODS FOR THE SYSTEMATIC REVIEWS OF CLINICAL
EFFECTIVENESS AND COST-EFFECTIVENESS

The a priori methods for systematically reviewing the evidence of clinical effectiveness and cost-
effectiveness were described in the research protocol (Appendix 2), which was sent to experts and to
NICE for comment. Although helpful comments were received relating to the general content of the
research protocol, there were none that identified specific problems with the methodology of the

review. The methods outlined in the protocol are briefly summarised below.

3.1 Identification of studies

A search strategy was developed, tested and refined by an experienced information scientist. The
strategy identified clinical-effectiveness studies of ICDs for arrhythmias and CRT for the treatment of
heart failure. Additional search strategies identified studies reporting on the cost-effectiveness of
ICDs and CRT, and studies reporting on the epidemiology and natural history of arrhythmias and
heart failure. Searches to inform cost-effectiveness modeling were also conducted. Sources of
information and search terms are provided in Appendix 3. The most recent search was carried out in
November 2012.

The following electronic databases were searched: The Cochrane Library including the Cochrane
Database of Systematic Reviews (CDSR), the Cochrane Central Register of Controlled Trials, CRD
(University of York) Database of Abstracts of Reviews of Effectiveness (DARE), the NHS Economic
Evaluation Database (NHS EED) and the Health Technology Assessment (HTA) database; Medline
(Ovid); Embase (Ovid); Medline In-Process and Other Non-Indexed Citations (Ovid); Web of Science
with Conference Proceedings: Science Citation Index Expanded (SCIE) and Conference Proceedings
Citation Index - Science (CPCI) (ISI Web of Knowledge); Biosis Previews (IS Web of Knowledge);
Zetoc (Mimas); NIHR-Clinical Research Network Portfolio; Clinical Trials.gov and Current
Controlled Trials. Searches were carried out from database inception to the present for studies in the
English language. Searches were limited to randomised controlled trials (RCTs) for the assessment of
clinical effectiveness and to full economic evaluations for the assessment of cost effectiveness.
Bibliographies of retrieved papers and the manufacturers’ submission to NICE were assessed for
relevant studies that met the inclusion criteria, and the expert advisory group were contacted to
identify additional published and unpublished evidence.
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3.2

Inclusion and exclusion criteria

The inclusion criteria for population, interventions and comparators are summarised in Table 5.

Table 5: Summary of inclusion criteria

Population

People at increased risk of
sudden cardiac death as a

result of ventricular

People with heart failure as
a result of left ventricular

systolic dysfunction and

People with both conditions
described to the left

arrhythmias despite OPT | cardiac dyssynchrony
despite OPT
Interventions ICD CRT-P or CRT-D CRT-D
in addition to OPT in addition to OPT in addition to OPT
Comparators Standard care (OPT CRT-P vs CRT-D ICD
without ICD) Standard care (OPT CRT-P
without CRT) Standard care (OPT alone)
3.2.1 Population

o People at increased risk of sudden cardiac death as a result of ventricular arrhythmias despite

optimal pharmacological treatment.

o People with heart failure as a result of LVSD and cardiac dyssynchrony despite optimal

pharmacological treatment.

e People with both conditions described above.

LVSD was defined as reduced LVEF using the cut-off provided by the publications (an arbitrary cut-

off was not imposed by this review). Similarly, cardiac dyssynchrony was as defined by the

publications; usually a prolonged QRS interval. Trials clearly stating that participants had reduced

LVEF, cardiac dyssynchrony and an indication for an ICD were considered as having both conditions.

3.2.2

Interventions

The interventions under consideration for each patient group are:

o For people at increased risk of sudden cardiac death:

ICDs in addition to OPT.

o For people with heart failure:
CRT-P or CRT-D in addition to OPT.

e For people with both conditions:

CRT-D in addition to OPT.
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3.2.3 Comparators

The comparators under consideration for each patient group are:

o For people at increased risk of sudden cardiac death:
- Standard care (OPT without ICD).

o For people with heart failure:
- CRT-P or CRT-D were compared with each other;
- Standard care (OPT without CRT).

e For people with both conditions:
- ICD;
- CRT-P;
- Standard care (OPT alone).

When screening studies for inclusion it became apparent that the pharmacological therapy in some of
the older studies may not be considered optimal by current standards. After consultation with NICE
and clinical experts, it was decided that trials in which the pharmacological therapy in either the
intervention or comparator arm was not optimal (i.e. current best practice based on clinical opinion)

would be included in the systematic review.

3.2.4 Outcomes

Studies must have included one or more of the following outcome measures to have been eligible for
inclusion in this review:

o Mortality (including progressive heart failure mortality, non-heart failure mortality, all-cause

mortality and sudden cardiac death)

e Adverse effects of treatment

o Health related quality of life

e Symptoms and complications related to tachyarrhythmias and/or heart failure

e Heart failure hospitalisations

e Change in NYHA class

e Change in left ventricular ejection fraction
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3.2.5 Study design

o For the systematic review of clinical effectiveness, only RCTs were eligible.

e Studies published as abstracts or conference presentations from 2010 onwards were only
included if sufficient details were presented to allow an appraisal of the methodology and the
assessment of results to be undertaken.

o Systematic reviews of the clinical-effectiveness of ICDs and CRT were used as a source of
references.

e For the systematic review of cost-effectiveness, studies were only included if they reported
the results of full economic evaluations [cost-effectiveness analyses (reporting cost per life
year gained), cost-utility analyses or cost-benefit analyses].

e For the systematic review of quality of life, primary studies or QoL collected as part of a trial
using EQ-5D (not VAS), specified by NYHA class for people with heart failure, were
included

e Non-English language studies were excluded.

3.3 Screening and data extraction process

Studies were selected for inclusion in the systematic review of clinical effectiveness through a two-
stage process using the criteria defined above. The titles and abstracts of studies identified by the
search strategy were screened by two reviewers to identify all citations that potentially met the
inclusion criteria. Full papers of relevant studies were retrieved and assessed by two independent
reviewers using a standardised eligibility form. Full papers or abstracts describing the same study
were linked together, with the article reporting key outcomes designated as the primary publication.
Data from included studies were extracted by one reviewer using a standardised data extraction form
and checked by a second reviewer. At each stage, any disagreements were resolved by discussion,

with the involvement of a third reviewer where necessary.

Titles and abstracts identified by the search strategies for the systematic reviews of cost-effectiveness
and quality of life were assessed for potential eligibility by two health economists using

predetermined inclusion criteria. Full papers were assessed for inclusion two reviewers.

3.4 Critical appraisal

The risk of bias of the clinical-effectiveness studies was assessed according to criteria devised by the
Cochrane Collaboration.®’ Criteria were applied by one reviewer and checked by a second reviewer,

with differences in opinion resolved by consensus and by consultation with a third reviewer if
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necessary. Economic evaluations were appraised using criteria based on those recommended by
Drummond and colleagues,® the requirements of the NICE reference case® and the suggested
guideline for good practice in decision analytic modelling by Philips and colleagues™ (Appendix 4).
Published studies carried out from the UK NHS and Personal Social Services (PSS) perspective were

examined in more detail.

3.5 Method of data synthesis

Clinical-effectiveness data were synthesised through a narrative review with tabulation of the results
of included studies. Where data were of sufficient quality and homogeneity, meta-analysis of the
clinical-effectiveness studies was performed to estimate the risk ratio and 95% confidence intervals
for relevant outcomes. The random effects method was used. Meta-analysis was performed by using
Cochrane Review Manager 5 (RevMan). Statistical heterogeneity was assessed using Chi’ and
degrees of freedom (df), and I° statistic. Where standard deviations were not presented in the
published papers, these were calculated from the available statistics (confidence intervals, standard
errors or p values).*” A minority of papers reported median values with 95% confidence intervals; in
these cases rather than omitting the trial from a meta-analysis, it was assumed that the data were
symmetrical (and so the median would be similar to the mean value) and the median was used directly

in the meta-analysis.

This report contains reference to confidential information provided as part of the NICE appraisal
process. This information has been removed from the report and the results, discussions and
conclusions of the report do not include the confidential information. These sections are clearly

marked in the report.
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4 CLINICAL EFFECTIVENESS

4.1 Overall quantity of evidence identified

Searches identified a total of 4556 references after de-duplication, and full texts of 222 references
were retrieved after screening titles and abstracts. The number of references excluded at each stage of
the systematic review is shown in Figure 3. Selected references which were retrieved but later
excluded are listed in Appendix 5 with reasons for exclusion. Papers were often excluded for more
than one reason; the most common reason being study design (70 papers), followed by comparator
(40 papers) and outcomes (32 papers). Although not formally assessed, the level of agreement

between reviewers for screening was considered good.

Searches identified five relevant trials in progress, a summary of which can be seen in Appendix 6.

Twenty six eligible RCTs were identified (references listed in Table 6), many of these trials were
reported in several publications (a total of 78 papers). Thirteen RCTs were considered to involve
people at increased risk of sudden cardiac death as a result of ventricular arrhythmias (Section 4.2),
four trials were considered to involve people with heart failure as a result of left ventricular systolic
dysfunction and cardiac dyssynchrony (Section 4.3) and nine RCTs were considered to involve people
with both of these conditions (Section 4.4). Further details on the quantity and quality of research for
each of these populations are described in the following sections.
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Figure 3: Flowchart of identification of studies

Identified through database Additional records identified through
searching after de-duplication other sources
n=4546 n=10

v

Total records screened
n=4556
v
Records excluded
n=4334
A\ 4
Full texts assessed for eligibility KFU“ text records excluded\
n=222 n= 143
Reasons for exclusion®
* Reviews: n=2
Abstracts: n=15°

A\ 4

Population: n=10

f RCTs included in qualitative \ )
Intervention: n=9

synthesis and meta-analysis

n= 26 (reported in 78 publications): Comparator: n=40
Qutcomes: n=32
Arrhythmias: n=13 (40 publications) Qtudy design: n=70 /
Heart failure: n=4 (18 publications)

Both conditions: n=9 (20 publications)

Unobtainable
n=1

2 Studies could be excluded for more than one reason; ® 16 of the abstracts/conference presentations
were published from 2010 onwards (Appendix 5) and were excluded as there was insufficient details
to allow an appraisal of the methodology and the assessment of results as per the protocol.
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Table 6: List of RCTs included in the systematic review of clinical effectiveness

Trial name

Publication (bold text indicated primary or key publication)

People at increased

risk of sudden cardiac death as a result of ventricular arrhythmias

AMIOVIRT Strickberger et al., 2003;"* Wijetunga and Strickberger, 2003

AVID AVID investigators, 1997 and 1999;" Hallstrom 1995;" Schron et al., 2002"

CABG Patch Bigger et al., 1997;"" and 1993;"°1998;" 1999;% Spotnitz et
al.,1998;*'Namerow et al., 1999%

CASH Kuck et al., 2000%

CAT Bansch et al., 2002;** The German dilated cardiomyopathy study investigators,
1992%

CIDS Connolly et al., 2000;% Connolly et al., 1993;* Sheldon et al., 2000;*® Irvine et
al., 2002;* Bokhari et al., 2004%°

DEBUT Nademanee et al., 2003™

DEFINITE Kadish et al., 2004;” Kadish et al., 2000;* Schaechter et al., 2003;™
Ellenbogen et al., 2006;% Passman et al., 2007%°

DINAMIT Hohnloser et al., 2004;”" Hohnloser et al., 2000%

IRIS Steinbeck et al., 2009;” Steinbeck, 2004

MADIT | Moss et al., 1996;'* MADIT executive Committee, 1991

MADIT II Moss et al., 2002;% and 1999;'* Greenberg et al., 2004;'* Noyles et al.,
2007;'%

SCD-Heft Bardy et al., 2005;™" Mitchell et al., 2008;'® Mark et al., 2008;" Packer et

al., 2009*°

People with heart fa

ilure as a result of LVSD and cardiac dyssynchrony

CARE-HF Cleland et al., 2005;™ and 2001;"* 2006;™ 2007;"* 2009;'" Gras et al.,
2007;* Gervais et al., 2009;"*° Ghio et al., 2009""/

COMPANION Bristow et al., 2004;'® and 2000;*° FDA report,2004;*° Carson et al., 2005;™
Anand et al., 2009'#

MIRACLE Abraham et al., 2002;'* and 2000;"** FDA report, 2001;"* Sutton et at.,
2003'%°

MUSTIC Cazeau et al., 2001

People with both conditions described above

CONTAK-CD Higgins et al., 2003;**® Saxon et al., 1999;*’Lozano et al., 2000;**° FDA
report, 2002

MADIT-CRT Moss et al., 2009;" and 2005;™ Solomon et al., 2010;"** Goldenberg et al.,
2011;** and 2011;**Arshad et al., 2011**

MIRACLE ICD Young et al., 2003"'
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MIRACLE ICD Il | Abraham et al., 2004

Piccirillo 2006 Piccirillo et al., 2006™*

Pinter 2009 Pinter et al., 2009™*

RAFT Tang et al., 2010;"* Tang et al., 2009™*

RethinQ Beshai et al., 2007;** Beshai & Grimm, 2007"*

RHYTHM ICD Summary of Safety and Effectiveness, 2004**° and 2005
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4.2 People at risk of sudden cardiac death as a result of ventricular arrhythmias

4.2.1 Quantity and quality of research available

Eleven of the 13 RCTs included reported their findings in more than one paper; a summary of the
included papers for each trial can be seen in Table 7. Seven of these RCTs plus one additional RCT
(MUSTT*") were included in the 2005 TAR,* as can be seen in Table 7. One further RCT
(MAVERIC™*®) was noted in the 2005 TAR® as in progress at that time. The interventions in the
MUSTT*” and MAVERIC™ trials did not meet the scope of the present review, however as these

65,66

were included in the previous TARs ™™ they are discussed in section 4.2.2.12. A list of other excluded

studies can be seen in Appendix 5.

The RCTs used different criteria to identify groups at ‘high risk’ of sudden cardiac death from
ventricular arrhythmia. AVID,”® CASH,* CIDS® and DEBUT® included people who had previous
ventricular arrhythmia or had been resuscitated from cardiac arrest. Four studies included people with
either a recent MI (DINAMIT® and IRIS®) or MI more than 3 to 4 weeks prior to study entry
(MADIT 1" MADIT 11'%). AMIOVIRT,” CAT* and DEFINITE® included people with
cardiomyopathy. CABG Patch” recruited patients scheduled for CABG surgery and at high risk for
sudden death, and SCD-Heft recruited a broad population of patients with mild to moderate heart

failure. The results will be discussed according to the ‘high risk’ group of the participants.
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Table 7: Summary of included studies

Trial

2005 TAR®

(reason for exclusion)

Present TAR (participants)

Publication (bold text indicated primary or key publication)

Secondary preventio

=}

AVID Included Included (cardiac arrest) AVID investigators, 1997 and 1999;" Hallstrom 1995;" Schron et
al., 2002

CASH Included Included (cardiac arrest) Kuck et al., 2000%

CIDS Included Included (cardiac arrest) Connolly et al., 2000;% Connolly et al., 1993:* Sheldon et al.,
2000;®Irvine et al., 2002;*° Bokhari et al., 2004%

DEBUT Excluded (participants) Included (SUDS) Nademanee et al., 2003

Primary prevention

MADIT | Included Included (remote from MI) Moss et al., 1996;* MADIT executive Committee, 1991'%

MADIT II Included Included (remote from MI) Moss et al., 2002;'* and 1999;'* Greenberg et al., 2004;'® Noyles et
al., 2007;'*

DINAMIT In progress Included (early post MI) Hohnloser et al., 2004;°" Hohnloser et al., 2000%

IRIS New Included (early post MI) Steinbeck et al., 2009;%° Steinbeck, 2004™

AMIOVIRT Excluded (participants) Included (cardiomyopathy) Strickberger et al., 2003;" Wijetunga and Strickberger, 2003

CAT Included Included (cardiomyopathy) Bansch et al., 2002;* The German dilated cardiomyopathy study
investigators, 1992%

DEFINITE Excluded (participants) Included (cardiomyopathy) Kadish et al., 2004;** Kadish et al., 2000;” Schaechter et al.,
2003;*Ellenbogen et al., 2006;* Passman et al., 2007

CABG Patch Included Included (need for CABG) Bigger et al., 1997;"" and 1993;"°1998;" 1999:® Spotnitz et al.,1998;*

Namerow et al., 1999
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MUSTT

Included

Excluded due to intervention

Buxton et al., 1999;** Lee et al., 2002

SCD-Heft

In progress, in NICE TA

Included (heart failure)

Bardy et al., 2005;™ Mitchell et al., 2008;'® Mark et al., 2008;"”
Packer et al., 2009**°

SUDS, Sudden unexpected death syndrome.
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4.2.1.1 Characteristics of the included studies

Study characteristics are summarised in Table 8, Table 9 and Table 10, and participant characteristics

are summarised in Table 11, Table 12 and Table 13. Additional detail can be found in Appendix 8.

Intervention and comparators

The NICE scope and systematic review protocol defined the intervention for this group of people as
‘ICDs in addition to OPT’ and the comparator as ‘standard care (OPT without ICD)’. Concepts of
OPT have changed over time and OPT varies depending on the population (e.g. previous VF, post Ml,
heart failure), making a standard definition of OPT difficult. Standards of reporting have also
changed, making it difficult in some instances to be clear what participants have received. As a
consequence it was decided and agreed with NICE, to include studies that compared ICDs (with or
without OPT) with the different types of medical therapy, reporting the details of the pharmacological

therapy used. The studies included were eligible on all other selection criteria.

The trials of people with previous VF or cardiac arrest compared ICD with antiarrhythmic drugs
(AADs), including either amiodarone or beta blocker (sotalol) (AVID™), amiodarone or beta-blocker
(metoprolol) in separate groups (CASH®) or amiodarone (CIDS™), or with beta-blockers
(propranalol, DEBUT™). Use of other medication was permitted in these trials. AVID" permitted use
of aspirin, beta-blockers and ACE inhibitors where clinically appropriate in both groups. CASH®
reported concurrent therapies at discharge (see below). CIDS® stated that antiarrhythmic drugs could
be used in both groups to control supraventricular or nonsustained ventricular tachycardias that were
symptomatic or might cause discharge of the ICD. DEBUT® permitted other beta-blocking agents or
amiodarone if intolerable side-effects developed from propranolol or if frequent shocks from recurrent
ventricular fibrillation occurred, but did not provide additional data. Pharmacological therapy received

by the participants is discussed in further detail below.

Trials of people with recent (IR1S,” DINAMIT®") or remote (MADIT 1,"** MADIT 11)'® Ml
compared ICD plus OPT versus OPT, although the pharmacological therapy in MADIT may not be
considered optimal by current standards. Pharmacological therapy received by the participants is

discussed in further detail below.
The trials of people with cardiomyopathy compared ICD plus OPT versus amiodarone plus OPT

(AMIOVIRT™), or ICD plus OPT versus OPT (CAT,* DEFINITE®). Pharmacological therapy

received by the participants is discussed in further detail below.
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CABG Patch” included people scheduled for CABG surgery and compared ICD plus OPT vs OPT
(trial protocol prohibited use of AADs for asymptomatic ventricular arrhythmias), although the
pharmacological therapy may not be considered optimal by current standards. Pharmacological
therapy received by the participants is discussed in further detail below. The ICDs used in this trial
were epicardial defibrillators, mostly committed devices (i.e. they deliver a shock even if the

arrhythmia stops before the end of charging) that were not capable of storing electrograms.

SCD-HEFT" was a three arm trial comparing ICD, amiodarone and placebo in a broad population of

patients with mild-to moderate heart failure. All participants received OPT.
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Table 8: Study characteristics: Cardiac arrest survivors / ventricular arrhythmia - Secondary prevention

Parameter Study name
AVID 19977 CASH 2000% CIDS 2000% DEBUT 2003*
Study design RCT RCT RCT RCT (pilot & main study)

Target population

Resuscitated from near-fatal VF;
or symptomatic sustained VT

with hemodynamic compromise.

Resuscitated from cardiac
arrest secondary to
documented sustained
VA.

Previous sustained VA.

Sudden Unexplained Death
Syndrome (SUDS) survivors or

probable survivors.

Intervention

ICD + medical therapy

ICD + medical therapy

ICD +AAD for symptomatic
VT

ICD + B-blocker or amiodarone

if frequent shocks

Comparator

AAD + medical therapy

AAD: amiodarone or

metoprolol + medical

Amiodarone +AAD for
symptomatic VT

Beta-blocker: long-acting

propranolol. Other B-blockers if

therapy intolerable side effects.
Country (no. of USA (52), Canada (3), New Germany (multicentre, Canada (19), Australia (3), Thailand (unclear)
centres) Mexico (1) number unclear) USA (2)
Sample size 1016 288 659 Pilot 20; Main 66.

(randomised)

Length of follow-up

Mean 18.2 (SD 12.2) months

Mean 57 (SD 34) months

Mean years: 3 years.

Maximum 3 years

Key inclusion criteria

VF, VT with syncope or VT
without syncope but with
ejection fraction <0.40 and
systolic blood pressure <80mm

Hg; chest pain, or near

Not reported. Rate was
the only criterion selected
for detection of a
sustained ventricular
arrhythmia.

Any of following in absence of
either recent acute MI (<72 hrs)
or electrolyte imbalance:

documented VF; out-of-hospital

cardiac arrest requiring

SUDS survivor: a healthy
subject without structural heart
disease who had survived
unexpected VF or cardiac arrest

after successful resuscitation.
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Parameter

Study name

AVID 19977

CASH 2000%

CIDS 2000%

DEBUT 2003%

syncope.” If patients underwent
revascularisation their ejection
fraction had to be <0.40.

defibrillation or cardioversion;
documented, sustained VT
causing syncope; other
documented, sustained VT at a
rate >150bpm causing
presyncope or angina in a
patient with a LVEF <35%; or
unmonitored syncope with
subsequent documentation of
either spontaneous VT>10 s or
sustained (>30 s) monomorphic
VT induced by programmed

ventricular stimulation.

Probable SUDS survivor: a
subject without structural heart
disease who experienced
symptoms indicative of the
clinical presentation of SUDs,
especially during sleep. ECG
abnormalities showing RBBB-
like pattern with ST elevation in
right precordial leads and
inducible VT/VF in
electrophysiology testing.

AAD, Antiarrhythmic drugs. VA,Ventricular arrhythmias.
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Table 9: Study characteristics: Post-Myocardial infarction - Primary prevention

Parameter | Study name
DINAMIT 2004°’ IRIS 2009% MADIT I 1996'* MADIT Il 2002'%
Target Recent MI (6 to 40 days); Recent MI (< 31days) and Previous Ml and LV dysfunction. High risk cardiac patients with prior
population reduced LVEF and impaired predefined markers of MI and advanced LVdysfunction.
cardiac autonomic function. elevated risk.
Study design | RCT RCT RCT RCT
Intervention | ICD + OPT ICD + OPT ICD + conventional medical therapy | ICD + conventional medical therapy
Comparator | OPT OPT Conventional medical therapy Conventional medical therapy

Country (no.

of centres)

Canada (25), Germany (21),
France, (8), UK (4), Poland (4),
Slovakia (2), Austria (2),
Sweden (2), USA (2), Czech
Republic (1), Switzerland (1),

Austria, Czech Republic,
Germany, Hungary, Poland,
Russia, Slovak Republic, (92)

USA (30), Europe (2)

USA (71), Europe (5)

Italy (1)
Sample size | 674 898 196 1232
Length of Mean (SD) 30 (13) months Average (range) 37 (0 to 106) Average (range) 27 (<1 to 60) Average (range) 20 months (6 days
follow-up months months to 53 months)
Key Recent MI (6 to 40 days Predefined markers of NYHA class: I, 1l or lll; LVEF: < LVEF: <0.30 last 3 months; Ml >1
inclusion previously); LVEF < 0.35; SD of | elevated risk; at least one of: 0.35; Q-wave or enzyme-positive month prior study entry.
criteria normal-to-normal RR intervals heart rate > 90 bpm on first MI >3 weeks prior entry; a

of <70 msec or a mean RR

available ECG (within 48 hrs

documented episode of
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Parameter

Study name

DINAMIT 2004%

IRIS 2009%

MADIT I 1996

MADIT I1 2002'®

interval of <750 msec (HR > 80
beats per min) over a 24-hour
period as assessed by 24-hour
Holter monitoring performed at

least 3 days after the infarction.

of MI) and LVEF <40% (on
one of days 5-31 after Ml);
nonsustained VT of >3
consecutive ventricular
premature beats during Holter
ECG monitoring, with a 150
bpm or more (on days 5 to
31).

asymptomatic, unsustained VT
unrelated to an acute MI; no
indications for coronary artery
bypass grafting or coronary
angioplasty within past 3 months;
sustained VT or fibrillation
reproducibly induced and not
suppressed after the intravenous
administration of procainamide (or

equivalent).
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Table 10: Study characteristics: Cardiomyopathy, CABG surgery, Heart failure - Primary prevention

Parameter | Study name
AMIOVIRT 2003" CAT 2002* DEFINITE 2004” CABG Patch 1997" SCD-Heft2005 **’
Target Non-ischemic (DCM) Recent onset idiopathic Nonischaemic Patients scheduled for Broad population of
population and asymptomatic NSVT | DCM and impaired cardiomyopathy and CABG surgery and at risk patients with mild-to-
LVEF and without moderate-to-severe LV for sudden death (LVEF moderate heart failure.
documented symptomatic | dysfunction. < 0.36 and abnormalities
VT. on an ECG).
Study RCT RCT (pilot) RCT RCT RCT
design
Intervention | ICD + OPT ICD + OPT ICD + OPT ICD + OPT ICD + OPT
Comparator | Amiodarone + OPT OPT OPT? OPT Amiodarone or Placebo (2
No specific therapy for groups) + OPT
VA.
Country/no. | USA (10) Germany (15) USA (44), Israel (4) USA (35), Germany (2) USA (99%), Canada, New
of centres Zealand ( total 148)
Sample size | 103 104 458 900 2521
Length of Mean (SD) 2-years Mean (SD) Mean 32 months Median (range) 45.5 (24
follow-up 2 (1.3) years 29 (14.4) months to 72.6) months
Key NIDCM (LVdysfunction | NYHA class Il or 1lI; LVEF < 36%; presence of Scheduled for CABG NYHA class Il or 11l
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Parameter | Study name

AMIOVIRT 2003" CAT 2002* DEFINITE 2004” CABG Patch 1997 SCD-Heft2005 *’
inclusion in the absence of, or LVEF <30%; aged 18- ambient arrhythmias; history surgery; LVEF <0.36, chronic, stable CHF due
criteria disproportionate to the 70 years; symptomatic of symptomatic heart failure; marker of arrhythmia: to ischaemic or non-

severity of CAD); LVEF
<0.35; asymptomatic
NSVT; NYHA class | to
Il.

DCM < 9 months.

presence of nonischaemic

dilated cardiomyopathy.

abnormalities on an ECG.

ischaemic causes; LVEF <
35%: ischaemic CHF
defined as LVSD
associated with marked
stenosis or a documented
history of MI;
nonischaemic CHF
defined as LVSD without

marked stenosis.

& Antiarrhythmic drugs discouraged but allowed for symptomatic atrial fibrillation or supraventricular arrhythmias.
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Participants

Cardiac arrest

The DEBUT trial® differed notably from the other three trials (AVID,”® CASH®® and CIDS®) of
people resuscitated from cardiac arrest, as participants in DEBUT®* were survivors or probable
survivors (symptoms indicative of the clinical presentation) of sudden unexplained death syndrome
(SUDS) in otherwise normal hearts. All participants in the DEBUT study®* were of Thai origin and
were similar to people with Brugada syndrome (a genetic disorder characterised by abnormal ECG
findings and increased risk of cardiac death); as such the trial findings should also apply to this group

of people.

The majority of participants in AVID,”® CASH® and CIDS® had ischaemic heart disease (70 to 83%).
A small proportion of those in CASH® and CIDS® had dilated cardiomyopathy. Two thirds of

participants in AVID” and around three quarters of those in CIDS®® had a previous MI.

Al participants in CASH® and DEBUT,® 90% in CIDs®® and 60% in AVID™ had congestive heart
failure. The majority (approximately 87%) of people in CASH® had NYHA Class | or Class Il heart
failure, whereas about half those in AVID” and CIDS® fell into these categories. Almost 40% of
participants in CIDS® had moderate to severe heart failure (NYHA Class 111 and 1V), compared with
10% of people in AVID™ and 16% (all NYHA Class I11) of people in CASH.* Mean LVEF was
higher in CASH® (46%) than in AVID™ (32%) or CIDS™ (34%), suggesting there may have been
disproportionate representation of relatively healthy participants in CASH.* Mean QT interval ranged
from 387 msec (DEBUT™) to 445 msec (AVID)."

The people in DEBUT®" were younger (mean age 40 to 48 years) than in the other three trials (mean
age 56 to 65 years), and all had NYHA class | heart failure. LVEF was higher in DEBUT®" (mean
LVEF 66-69%) than in AVID,” CASH® and CIDS,* and QT interval slightly lower.

Myocardial infarction (MI)

MADIT " and MADIT 11" included people with M1 more than three weeks or one month
previously. Participants in MADIT '
MADIT 11'® required advanced left ventricular dysfunction (LVEF < 30%). DINAMIT” and IRIS®

recruited people with recent M1 (within 6 to 40 days and 5 to 31 days, respectively). DINAMITY

were also required to have a LVEF of 35% or less, whereas

required participants to have a LVEF of 35% or less and standard deviation of hormal-to normal RR
intervals of <70 msec or a mean RR interval of <750 msec (heart rate > 80 beats per minute) over 24
hours. IRIS® included people with at least one of the following markers of risk: heart rate 90 beats per

minute or more on first available ECG and LVEF 40% or less; or nonsustained ventricular tachycardia
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of three or more consecutive ventricular premature beats during Holter ECG monitoring with a heart

rate of 150 beats per minute or greater.

DINAMIT? had the greatest majority of participants in NYHA class | or 11 (around 70%), compared
with 88% of participants in IRIS® and 63 to 67% of participants in MADIT 1,** and around 70% of
participants in MADIT 11.1% The trials had either no or very few participants in NYHA class IV.
Mean LVEF ranged from 23% (MADIT 11'®) to 35% (IRIS®), reflecting the different inclusion

criteria of the studies.

The mean age of the participants in these trials was similar, ranging from 61.5 (DINAMIT®") to 65
(MADIT 11'®) years. The majority of participants (76% DINAMIT® to 92% MADIT I**") were men.

Cardiomyopathy

AMIOVIRT™ and DEFINITE® recruited people with non-ischaemic dilated cardiomyopathy, non-
sustained ventricular tachycardia, and LVEF of 35% or less. CAT® enrolled people with recent onset
(less than 9 months) idiopathic dilated cardiomyopathy and LVEF of 30% or less, but without
documented symptomatic ventricular arrhythmias. Note that despite participants not having suffered
ventricular arrhythmias, the low LVEF indicates risk of ventricular arrhythmias and sudden cardiac
death, and was therefore judged eligible for inclusion in this review. Also, non-sustained ventricular

tachycardia was identified with Holter ECG in over half of participants at baseline.

The majority of participants in these trials were in NYHA class Il or 111, with none in NYHA class IV.
AMIOVIRT™ (13-18%) and DEFINITE® (18-25%) had more people with NYHA class | than CAT,*
as this was an exclusion criteria of CAT.®* Despite the lower cut-off for LVEF for inclusion in CAT %
mean LVEF at baseline was similar or slightly higher than the other two trials (CAT®* 24-25%,
AMIOVIRT™ 22-23%, DEFINITE* 21-22%). Mean QRS interval was similar between CAT** (ICD:
102 (SD 29), OPT 114 (SD 29) msec) and DEFINITE® (115, range 78-196), although the measures of

variance suggest that some participants had cardiac dyssynchrony.

Participants in CAT® had a median duration of symptoms of just 3 months, compared to around 3
years in AMIOVIRT " and DEFINITE.* The participants in CAT®* were also slightly younger (mean
age 52 years) than in AMIOVIRT"* (mean age 59 years) or DEFINITE® (mean age 58 years). The
majority of participants (approximately 71% AMIOVIRT"* and DEFINITE® to 80% CAT®) were

men.
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CABG surgery

Participants in CABG Patch’’ were scheduled for CABG surgery and at risk for sudden cardiac death
(LVEF less than 36%) with abnormalities on an ECG. People with a history of sustained ventricular
tachycardia or fibrillation were excluded. The majority of participants (71-74%) were in NYHA class
Il or 111, and mean LVEF was 27%. Most participants (83%) had previous myocardial infarction

(Appendix 8). Mean age was about 64 years and 82-87% were men.

Mild to moderate heart failure

SCD-HeFT'" included a broad population of people with mild to moderate heart failure due to
ischaemic or non-ischaemic causes and a LVEF of 35% or less. Ischaemic congestive heart failure
was defined as LV systolic dysfunction associated with > 75% narrowing of at least 1 of 3 major
coronary arteries (marked stenosis) or a documented history of myocardial infarction. Nonischaemic
congestive heart failure was defined as LV systolic dysfunction without marked stenosis. Overall 70%
of participants were in NYHA class Il and 30% were in class I1l. Median LVEF was 24%-25%, and
less than a quarter had non-sustained ventricular tachycardia. Median age was 60 years and most

(77%) were men.
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Table 11: Key participant characteristics: cardiac arrest - secondary prevention

Parameter AVID" CASH® CIDS® DEBUT - pilot™ DEBUT - main®

ICD AAD ICD AAD ICD Amio ICD B-blocker | ICD B-blocker
Amio Met

Sample size, n 507 509 99 92 97 328 331 10 10 37 29

Age, mean (SD) or [SEM] | 65 (11) |65(10) |58 (11) |59 (10) |56(11) |63.3.(9.2) | 63.8(9.9)] 44[11] |48[15] |40[11] |40[14]

Gender, % male 78 81 79 82 79 85.4 83.7 100 100 95 100

Index arrhythmia VF, % 44.6 45.0 84° 45.1° 50.1° 70 60 24.3 37.9

Index arrhythmia VT, % 55.4 55.0 16° 39.7° 37.5° 0 0 5.4 6.9

Ischemic heart disease, % 81 81 73 77 70 82.9 82.2 nr nr nr nr

Dilated cardiomyopathy, % | nr nr 12 10 14 8.5 10.6 nr nr nr nr

Previous Ml 67 67 nr nr nr 77.1 75.8 nr nr nr nr

No congestive heart failure 45 40 0 0 0 11.0 10.6 0 0 0 0

NYHA |, % 48 48 23 25 32 51.2 49.5 100 100 100 100

NYHA 11, % 59 57 55 0 0 0 0

NYHA 111, % . 1o 18 18 13 37.8 39.9 0 0 0 0

NYHA IV, % 0 0 0 0 0 0 0

LVEF, mean (SD) or [SEM] | 0.32 0.31 0.46 0.44 0.47 34.3 33.3 67 [12] |69 [6] 66[10] | 67 [7]
(0.13) | (0.13) |(0.19) |(0.17) | (0.17) | (14.5) (14.1)

Heart rate, bpm 77(18) |78 (17) |[81(17) [80(17) |76(16) |nr nr 67 [12] | 64[7] 64 [11] | 66 [12]

QT interval, msec, mean 441 (40) | 445 (39) | 437 (42) | 430 (51) | 430 (48) | nr nr 396 [51] | 387 [31] | 404 [43] | 394 [31]

(SD) or [SEM]

QRS interval, msec, mean 116 (26) | 117 (26) | nr nr nr nr nr 98[29] |92[12] 99 [30] | 95[16]
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Parameter AVID" CASH® CIDS® DEBUT - pilot™ DEBUT - main®
ICD AAD ICD AAD ICD Amio ICD B-blocker | ICD B-blocker
Amio Met
(SD) or [SEM]
BBB (unspecified), % 23 25 17 23 19 nr nr nr nr nr nr

Amio, Amiodarone. Met, Metoprolol. 2 Proportion with VVF or VT comes from whole study population (i.e. including the discontinued arm). ® Additional

category unmonitored syncope, ICD 15.2%, Amiodarone 12.4%.
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Table 12: Key participant characteristics: myocardial infarction (MI)

Parameter DINAMITY IRISY MADIT I'* MADIT I1'®
ICD OPT ICD OPT ICD OPT ICD OPT
Sample size, n 332 342 445 453 95 101 742 490
Age, mean (SD) 61.5(10.9) | 62.1(10.6) | 62.8(10.5) |62.4(10.6) |62(9) 64 (9) 64 (10) 65 (10)
Sex, % male 75.9 76.6 77.5 75.9 92 92 84 85
Arrhythmia, % nr nr NSVT 22.2 NSVT 24.1 VT 100 VT 100 nr nr
NYHA I, % 135 12.0 28° 37 33 35 39
NYHA 11, % 60.9 58.7 60° 35 34
NYHA 11, % 25.6 29.3 12° o3 o7 25 23
NYHA IV, % 0 0 0.1% 0 0 5 4
LVEF %, mean (SD) 28 (5) 28 (5) 34.6 (9.3) 34.5(9.4) 27 (7) 25 (7) 23 (5) 23 (6)
QRS interval msec, mean (SD) | 107 (24) 105 (23) nr nr nr nr 50% >12 sec | 51 % >12 sec
LBBB/RBBB, % nr nr 10.1/nr 6.4/nr Tinr 8/nr 19/9 18/7

# At discharge for 885 surviving patients.
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Table 13: Participant characteristics: cardiomyopathy; CABG surgery; heart failure

Cardiomyopathy

CABG surgery

Heart failure

Parameter AMIOVIRT" CAT* DEFINITE” CABG Patch’’ SCD-Heft"”’
ICD Amio ICD Control | ICD + OPT | OPT ICD Control | ICD Amio Placebo
Sample size, n 51 52 50 54 229 229 446 454 829 845 847
Age, mean (SD) or [range] | 58 (11) |60 (12) |52(12) |52(10) |58.4[20.3- |58.1[21.8- [64(9) |63(9) |60.1° |[60.4° 59.7°
83.9] 78.7] [51.9- |[51.7- | [51.2-
69.2] | 68.3] 67.8]
Sex, % male 67 74 86 74 72.5 69.9 86.5 82.2 77 76 77
Index arrhythmia, % NSVT NSVT NSVT NSVT NSVT 22.3 | NSVT nr nr NSVT | NSVT NSVT
100 100 53.1 58.0 PVCs9.2 | 227 25 23 21
Both 68.6 | PVCs 9.6
Both 67.7
Ischemic heart disease®, % 4.9 11 nr nr nr nr nr nr nr nr
Duration of cardiomyopathy, | 2.9 (4.0) | 3.5(3.9) | [3.0 [2.5 [2.39, 0.00- | [3.27,0.0-
mean (SD) or [median, yrs yrs months] | months] | 21.33] yrs® | 38.5] yrs”
range]
NYHA | 18 13 0 0 25.3 17.9 nr nr 0
NYHA II 64 63 66.7 64.1 54.2 60.7 70
NYHA 111 16 24 33.3 35.8 20.5 21.4 " A 30
NYHA IV 0 0 0 0 0 0 nr nr 0
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Cardiomyopathy CABG surgery Heart failure

Parameter AMIOVIRT" CAT* DEFINITE” CABG Patch’’ SCD-Heft""’
ICD Amio ICD Control | ICD + OPT | OPT ICD Control | ICD Amio Placebo
Sample size, n 51 52 50 54 229 229 446 454 829 845 847
LVEF, mean (SD) or [range] | 22 (10) | 23(8) |24(6) |25(8) |20.9[7-35] |21.8[10- |27(6) |27(6) |24.0° |25.0° 25.0°
35] [19.0- |[20.0- | [20.0-
30.0] 30.0] 30.0]

QRS interval msec, mean nr nr 102 (29) | 114 (29) | 114.7[78- | 1155[79- | 71% 74% nr nr nr
(SD) or [range] 196] 192]
LBBB/RBBB, % 16/42 8/53 84.6/7.7 | 81.8/0 19.7/13.5 19.7/3.1 10/nr 12/nr nr nr nr

%1 majory epicardial coronary artery with a 70% or greater stenosis. ° Duration of heart failure, p=0.04. PVVCs = premature ventricular complexes. ¢ Median

plus inter-quartile range.
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Pharmacological therapy

Table 14 and Table 15 displays medication at hospital discharge.

Cardiac arrest

Two thirds of participants in AVID" were receiving ACE inhibitors. Only 6% of the ICD group
received antiarrhythmic drugs at discharge. Beta-blockers were more common among the ICD group
(42.3%) than the AAD group (16.5%), p<0.001, which may have resulted in some bias towards ICD.
Aspirin was received by around 60% of participants in AVID™ and warfarin was received by a greater
proportion of participants in the AAD arm (35%) than in the ICD arm (22%). Half of the participants
in AVID™ received diuretics, around 37% received nitrates and 12% (AAD) to 18% (ICD) received
calcium-channel blockers. Digitalis was received by 41% (AAD) versus 47% (ICD) of participants,
p=0.04. The pharmacological therapy provided in AVID" would have been considered optimal at the
time the trial was conducted, although current standards would include less digitalis and more ACE

inhibitors and beta-blocker therapy.

Less than half of participants in CASH® received ACE inhibitors at hospital discharge. The ICD and
metoprolol groups did not receive any antiarrhythmic drugs, and the ICD and amiodarone groups did
not receive any beta-blockers. Aspirin was received by around 60% of participants in the ICD group,
but by fewer participants in the Amiodarone (45%) and Metoprolol (41%) arms. Less than 10% of
participants in CASH®? received warfarin. Less than a third of participants received diuretics, around
30% received nitrates, and 12% (Metoprolol arm) to 26% (ICD) received calcium-channel blockers.
Digitalis was received by 15% (Metoprolol arm) to 26% (ICD) of participants. The pharmacological
therapy provided in CASH® would have been considered optimal at the time the trial was conducted.
However, beta-blocker treatment was an active comparator in this trial and was not used with ICDs,
which may have resulted in bias against the ICD. ACE inhibitor use is low in this trial, but the patients

did not have indications for these at the time the trial was undertaken.

None of the participants in CIDS® received ACE inhibitors at hospital discharge. Class |
antiarrhythmic were received by just 2.4% (amiodarone arm) and 5.5% (ICD arm) of participants. A
greater proportion of the ICD group than the amiodarone group received the beta-blocker sotalol
(19.8% vs 1.5%), beta-blockers other than solatol (33.5% vs 21.4%), and digoxin (29.6% vs 22.7%).
No other drugs were reported. The pharmacological therapy provided in CIDS® would not be
considered optimal by current standards, and the higher use of beta-blockers in the ICD group may

bias the trial in favour of ICDs.

Medication at hospital discharge is not reported by DEBUT,” however use of beta-blockers was low

in the ICD group (8/47 in main trial and pilot study combined).
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Myocardial infarction (MI)

Both groups in DINAMIT® were given “best conventional medical therapy’. ACE inhibitors were
taken by around 95% of participants at baseline, antiplatelet agents by 92%, beta-blockers by 87% and
lipid lowering agents by 78% of participants. IRIS® had a similarly high usage of ACE inhibitors
(91%), antiplatelet agents (96%), beta-blockers (96%) and statins (92%). Antiarrhythmics (mainly
amiodarone) were taken by a small proportion of participants (ICD 13.4% vs 17.4%, p=0.11).
Pharmacological therapy is considered optimal by current standards in DINAMIT® and IRIS.*

MADIT™ presents data at one month (Table 14) and last contact (Appendix 8). Usage of ACE
inhibitors (ICD 60%, medical therapy 55%) and beta-blockers (beta-blockers or sotalol: ICD 27%,
medical therapy 15%) were low in this trial at one month, and beta-blocker use was not balanced
between the groups. Three quarters of the medical therapy group received amiodarone at one month
compared with 2% of the ICD group, but use of Class | antiarrythmics was similar (ICD 12% vs
medical therapy 10%). At one month, 56% of ICD patients and 8% of medical therapy patients had no
antiarrhythmic medication. Approximately half of participants were receiving diuretics. Digitalis use
was high by current standards (ICD 58%, medical therapy 38%). The pharmacological therapy

provided in MADIT** would not be considered optimal by current standards.

MADIT I1*® did not report medication at discharge, but presented medication at last contact, which
was mean 18 months (ICD) and 17 months (OPT) from enrolment. About 70% of participants
received ACE inhibitors, about 10 to 13% received amiodarone and 2 to 3% received Class |
antiarrhythmic drugs. Beta-blockers were taken by 70% of participants, diuretics by 72% of the ICD
group and 81% of the OPT group, digitalis by 57% of participants, and statins by about two thirds of

103
|

participants. Pharmacological therapy provided in MADIT 11™ would be considered optimal by

current standards.

Cardiomyopathy

AMIOVIRT" reports that OPT was encouraged in both ICD and amiodarone groups. Therapy at
discharge was not reported, but concomitant drug therapy was presented (Table 15), with no
statistically significant difference between the groups. A high proportion (81 to 90%) of participants
received ACE inhibitors, and approximately half received beta-blockers. Over two-thirds received
diuretics and/or digoxin and a fifth received spironolactone. The beta-blocker use is slightly low in

this trial compared with current standards, but the pharmacological therapy is close to optimal.

ACE inhibitors were taken by about 96% of participants at baseline in CAT,®* but beta-blocker use

was low (4% of participants). Diuretics were taken by the majority of participants (85 to 88%),
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warfarin was received by 24 to 35% of participants, nitrates by 26 to 32% and calcium channel
blockers by 7.4 to 16%. Observed differences between the groups were not statistically significant.
Although acceptable at the time, the pharmacological therapy in CAT would not be considered

optimal by current standards due to low beta-blocker use.

OPT was described for both groups in DEFINITE.* A high proportion (about 86%) of participants
received ACE inhibitors and a small proportion (8.7 to 13.5%) received angiotensin ll-receptor
blockers. Beta-blockers were taken by 85%, diuretics by 87%, and digoxin by 42%. A small
proportion of each group received amiodarone (ICD 3.9%, OPT 6.6%) and nitrates (ICD 9.2%, OPT
13.1%). Pharmacological therapy in DEFINITE® would be considered optimal by current standards.

CABG surgery

ACE inhibitors were taken by over half of the participants in CABG Patch.”” 63.3% of the ICD group
and 65.2% of the control group received no oral antiarrhythmic drugs. Class I antiarrythmics were
taken by 16.7% and 12%, amiodarone by 3.7% and 3.2%, and beta-blockers (other than sotalol) by
17.9% and 24% of the ICD group and control group, respectively. There is an excess of
antiarrhythmic drug use in the ICD arm, which may paradoxically offset some of the ICD benefit. The
majority of participants received antiplatelet drugs (84%), two thirds received digitalis and around
half received diuretics (47-57%). The pharmacological therapy provided in CABG Patch’’ would

have been considered optimal at the time the trial was conducted, but is low by current standards.

Mild to moderate heart failure

A high proportion (94 to 98%) of participants in SCD-HeFT**" were taking ACE inhibitors or
angiotensin Il receptor blocker at enrolment. Beta-blockers were taken by 69% of participants,
digoxin by about 70%, aspirin by about 56%, warfarin by about one third, and statin by about 40% of
participants. Most (82%) received loop diuretics and 20% received potassium sparing diuretics and a
minority received thiazide (7%). SCD-HeFT"" also reported medication at last follow-up, where
there was a statistically significant (p<0.001) difference in beta-blocker use between groups (ICD
82%, amiodarone 72%, placebo 79%) (Appendix 8). Pharmacological therapy in SCD-HeF T

would be considered optimal by current standards.
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Table 14: Medication at discharge: cardiac arrest/Ml

Cardiac arrest (secondary prevention) Recent Ml Remote Ml
Medication, % AVID"” CASH ® CIDS ® DINAMIT® | IRIS¥ MADIT I | MADIT
1119%
ICD | AAD |ICD | Amio | Met | ICD Amio | ICD | OPT | ICD OPT ICD | PT ICD | OPT
Sample size 497 | 496 |99 92 97 | 328 331 | 332 |[342 |445 | 453 93 93 742 | 490
ACE inhibitor 68.8 |68.2 |455 |435 |41.2 949 | 944 (909 |911 |60 55 68 72
Antiarrhythmic 134 |[174
-Amiodarone 1.8 958 |0 97.8 0 2 74 13 10
- Other anti-arrhythmia drug 4.2 1.2
- Class I antiarrhythmic 55 2.4 12 10 3 2
Anti-coagulants and anti-platelets 922 921 |96.1 |958
-Acetylsalicylic acid (Aspirin) 60.7 |59.2 |57.6 |44.6 41.2
- Warfarin 219 |348 |91 6.5 9.3
Beta-blocker 423 | 16.5 335° |21.4% | 870 |865 |971 |953 |26 8 70 70
- Metoprolol 0 0 99.0
- Sotalol 0.2 2.8 198 |15 1 7
- Beta-blockers or sotalol 27 15
Calcium-channel blocker 184 | 121 |26.3 |16.3 12.4 9 9
Diuretic 48.2 |50.7 |333 |27.2 30.9 53 52 72 81
Nitrates 36.4 |37.0 |293 |29.3 24.7
Other antihypertensive agent 7.6 8.8
Digitalis 46.8 | 406 |26.3 |25.0 15.5 58 38 57 57

73




Cardiac arrest (secondary prevention) Recent MI Remote Ml
Medication, % AVID"” CASH ¥ CIDS * DINAMIT® | IRIS” MADIT I | MADIT
1110
ICD | AAD |[ICD | Amio | Met | ICD Amio | ICD | OPT | ICD OPT ICD | PT ICD | OPT
Sample size 497 | 496 | 99 92 97 | 328 331 | 332 |[342 |445 | 453 93 93 742 | 490
Digoxin 29.6 | 22.7
Lipid lowering agent 13.2 | 115 76.8 | 79.5
Statin 916 |915 67 64

2 Other than solatol. ® Medication at one month. Data missing for 2 ICD patients and 8 PT (pharmacological therapy) patients. No antiarrhythmic medication:

ICD 56%, PT 8%. ® Medication at discharge not reported by MADIT 11,** medication at ‘last contact’ displayed here; mean 18 months (ICD) and 17 months

(OPT) from enrolment.
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Table 15: Medication: Cardiomyopathy / CABG surgery / Heart failure

Cardiomyopathy CABG surgery Heart failure

Medication, % AMIOVIRT™ CAT™ DEFINITE” CABG Patch’’ SDC HeFT™™

ICD Amio ICD OPT ICD OPT ICD OPT ICD | Amio Plac
Sample size 51 52 50 54 229 229 430 442 829 845 847
ACE inhibitor 90 81 94.0 98.1 83.8 87.3 54.7 53.8 83 87 85
ACE inhibitor/ARB 94 97 98
Angiotensin-receptor blocker 135 8.7 14 14 16
Amiodarone 3.9 6.6 3.7 3.2
Class I antiarrhythmic 16.7 12.0
Anti-coagulants 15.3 14.7
Anti-platelets 82.8 85.1
- Aspirin 58 55 56
- Warfarin 24.0 35.2 32 37 33
Beta-blocker 53 50 4.0 3.7 85.6 84.3 69 69 69
- Carvedilol 56.3 58.5
- Metoprolol 25.8 18.8
- Sotalol 0.5 0.2
- other 3.5 7.0 17.9 24.0
Calcium-channel blocker 16.0 7.4 105 7.0
Diuretic 71 67 88.0 85.2 87.3 86.0 57.2 47.1
- Loop 82 82 82
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Cardiomyopathy CABG surgery Heart failure

Medication, % AMIOVIRT™ CAT™ DEFINITE” CABG Patch’’ SDC HeFT™™

ICD Amio ICD OPT ICD OPT ICD OPT ICD | Amio Plac
Sample size 51 52 50 54 229 229 430 442 829 845 847
- Potassium sparing 20 21 19
- Thiazide 8 6 7
- Spironolactone 20 19
Nitrates 32.0 25.9 9.2 13.1 8.1 8.1
Digitalis 68.6 64.5
Digoxin 71 67 415 424 67 73 70
Lipid lowering agent 9.5 8.4
Statin 38 40 38

Amio, Amiodarone. Plac, placebo.  Concomitant drug therapy at last follow-up. ® At enrolment.
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Outcomes
All-cause mortality was the primary outcome in all 13 trials in people at risk of sudden cardiac death

due to ventricular arrhythmias.

other measures of mortality or survival. Ten RCTs assessed total cardiac deaths,’*:#80:8486:97:99:101,105110

13 RCTSs assessed sudden cardiac and arrhythmic deaths,’7480:83:84:86:91:92:97,99:100:105:110 19 pCTg

71;74,;80;84,86;92;97;99;

assessed cardiac non-arrhythmic deaths, 101105110 19 RCTs assessed other non-cardiac

74;80;84;86;97;99; 77,86,92,99;107

causes of death,” 101105110 £jye RCTs assessed cumulative mortality, and four

RCTs assessed survival.”""*748384 Other secondary outcome measures included heart hospitalisations
(two RCTs),”#'% symptoms and complications related to arrhythmias (three RCTs), %1%

||fe (Seven RCTS)71;76;82;89;96;106;109and adverse events (13 RCTS).71;73;77;83;84;86;91;92;97;99;101;103;107

quality of

Setting

AVID” CASH® and CIDS® were multicentre studies; with the majority of centres in USA (AVID™®)
or Canada (CIDS™) or in Germany only (CASH®). DEBUT®! was conducted in Thailand but the
number of centres was not reported. The number of participants ranged from 66 (DEBUT main
study®) to 1016 (AVID"®). DEBUT® also reported a pilot study in which 20 participants were
randomised. Length of follow-up ranged from mean 18.2 months (SD 12.2) in AVID" to 57 months
(SD 34) in CASH.®

DINAMIT,*” IRIS,* MADIT I and MADIT 11'®were multicentre studies. The majority of centres
for DINAMIT® were in Canada, Germany and Europe (4 UK centres) and IRIS®was conducted in
Europe (not UK) and Russia. The majority of centres for MADIT 1'°®* and MADIT 11 were in the
USA. Sample size ranged from 196 (MADIT ') to 1232 (MADIT I1).**® Mean follow-up ranged
from 20 months in MADIT 11'® to 37 months in IRIS.”

AMIOVIRT™ and DEFINITE® were multi-centre studies with the majority of centres in USA,
whereas CAT* was a multi-centre study conducted in Germany. Sample size was relatively small in
AMIOVIRT™ and CAT®* (103 and 104 participants randomised, respectively); CAT* was designed
as a pilot study. DEFINITE® randomised 458 participants. The trials had similar lengths of follow-up;
mean follow-up was 2 years in AMIOVIRT™ and CAT,* and 2.4 years in DEFINITE.*

CABG Patch”’ was a multicentre study conducted primarily in USA, with 900 participants

randomised. Mean follow-up was 32 months.

SCD-HeFT™" was a multicentre study conducted mainly in USA, with 2521 participants randomised.

Median follow-up was 45.5 months.
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4.2.1.2 Risk of bias

The risk of bias in the included trials is summarised in Table 16 and further details for each trial can
be found in the data extraction tables in Appendix 8. All 13 trials were unclear on risk of bias
associated with randomisation. In fact eight trials did not report details of either randomisation or
allocation concealment, therefore the risk of selection bias (differences between known and unknown
baseline characteristics of the groups) is unclear. Five trials (CIDS,** MADIT I,** IRIS,*
DINAMIT,” CABG Patch’") did not report the randomisation method, although sufficient details
were reported to establish that the allocation sequence was adequately concealed and judged to have a

low risk of selection bias.

It was not possible to blind participants and personnel (health care providers) in these trials, as one
group received surgery. This could bias the results due to differences in behaviours across
intervention groups or differences in the care provided, such as administration of co-interventions.
The trials were therefore judged to have a high risk of performance bias. Cause of death was
determined or reviewed by a committee blinded to treatment group in AVID,”® DEFINITE,*
DINAMIT, ¥ AMIOVIRT,* IRIS,* and SCD-HeFT.Y*" Outcome assessors were not blinded in other
trials, but mortality was judged unlikely to be influenced by lack of blinding and so the trials were
considered to have a low risk of detection bias for this outcome. Unblinded trials reporting QoL were
judged to have a high risk of detection bias for this outcome (AVID,” AMIOVIRT,” CIDS,*
DEFINITE,” MADIT 11,'®® CABG Patch,”” SCD-Heft).""

Risk of attrition bias (differences between groups in withdrawals from the study) was low in seven of
the trials (CASH,® AMIOVIRT,” DEFINITE,” MADIT 1" MADIT I1,'® DINAMIT,* IRIS%),
and unclear in three trials (CIDS,* DEBUT,” CAT®). In AVID,”® CABG Patch’’ and SCD-HeFT,*”

risk of attrition bias was judged to be low for mortality but high or unclear for QoL outcomes.

Risk of selective reporting bias (differences between reported and unreported findings) was
considered to be low in six studies (AVID,” CASH,** DEBUT, ** AMIOVIRT, MADIT 1, SCD-
HeFT™"). Five studies listed outcomes in a protocol or methods section that were not reported
(CIDS,®® CAT,* DEFINITE,* DINAMIT,” IRIS%). Risk of selective reporting bias was unclear in
two studies (MADIT 11,*®® CABG Patch’).

Risk of other sources of bias was judged to be high in DINAMIT,* as block randomisation in an
unblinded trial can lead to prediction of allocation. The authors of CASH® note that centres were

reluctant to enrol patients for potential ICD therapy in the early phase of the study and to deny ICD
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therapy in the late phase of the study. The effect of this is unclear. Seven of the trials were stopped
early (AVID,”® DEBUT,” CAT * AMIOVIRT,” MADIT I, MADIT 11,"®® CABG Patch’’),

however, simulation evidence suggests that inclusion of stopped early trials in meta-analyses does not
lead to substantial bias.®’
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Table 16: Risk of bias

Judgement® R
~ 0 T S < ~

e 8 g — = - =

s |2 |8 |8 b | gz |2 & |8 |§ |8 |g

< O O 0 x & p p O < &) o 3
Selection bias
Random Unclear | Unclear | Unclear | Unclear | Unclear | Unclear | Unclear | Unclear | Unclear | Unclear Unclear | Unclear | Unclear
sequence
generation
Allocation Unclear | Unclear | Low Unclear | Low Low Low Unclear | Unclear | Unclear Unclear | Low Unclear
concealment
Performance bias
Blinding of High High High High High High High High High High High High High
participants,
personnel
Detection bias
Blinding of | Low" Low Low® | Low Low Low Low Low® | Low Low " Low® | Low® Low "
outcome High © High © High © High® | High® | High® | High®
assessment
Attrition bias
Incomplete | Low” Low Unclear | Unclear | Low Low Low Low Unclear | Low Low Low ° Low °
outcome data High © High © Unclear ¢
addressed
Reporting bias
Selective Low Low High Low High High Low Unclear | High Low High Unclear | Low
reporting
Other bias
Other sources | Low | Unclear | Low | Low | Low | High Low Low Low Low Low Low | Low

2¢Low risk’, “high risk’ or ‘unclear risk’ of bias. ® mortality. © QoL
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4.2.1.3 Methodological comments

Similarity of groups at baseline

Although it was evident that there were differences between the 13 trials in the types of participants
included (see earlier section on Participants), within the trials these appeared generally to be well
balanced at baseline. Some differences were evident. In the IRIS® trial the ICD group had a higher
proportion of people with left-bundle-branch block (10.1% vs 6.4%, p=0.05) and diabetes mellitus
(37.2% vs 30.2, p=0.03) than the OPT group. The CAT® trial found a higher occurrence of
bradycardias among the OPT group (18.8%) than the ICD group (2.1%, p=0.015). The DEFINITE®
trial noted that the OPT group (3.27 years) had a significantly (p=0.04) longer mean duration of heart
failure than the ICD plus OPT group (2.39 years).

Sample size

All 13 trials included a calculation of sample size or statistical power based on the primary outcome
measure of all-cause mortality,*37783:848691:9297:99.10L103107 The CDs (n=659),%° DINAMIT
(n=674),” DEFINITE (n=458),* CABG-Patch (n=900)"" and SCD-Heft (n=2521)'" trials appeared to
be adequately powered to detect a difference in all-cause mortality. In contrast, the CASH (n=288),*
DEBUT (n=66)," MADIT Il (n=1232),"® and CAT (n=104) trials were thought to be underpowered
based on reported sample size calculations. Five trials were stopped early due to having achieved an a
priori stopping rule concerning crossing of efficacy boundaries (AVID (n=1016)"%, MADIT |
(n=196)'", MADIT Il (n=1232)'®) or due to interim analysis showing low event rates that meant that
further recruitment would not achieve adequate statistical power (AMIOVIRT (n=103),”* CAT
(n=104)*).

Other issues
CASH® was designed as a 4 arm trial (ICD, amiodarone, metoprolol, propafenone), however the
propafenone arm was terminated early due to interim analysis. DEBUT®" reports the results of a pilot

study and main trial, although both were small.

During the course of MADIT 1,°* a change was made from transthoracic to transvenous leads. The

authors of MADIT I note that this altered the type of patient referred for entry to the trial.

Funding
AVID" and CIDS® received funding from National Heart, Lung, and Blood Institute and the Medical
Research Council of Canada respectively. All 11 other RCTs received some or all of their funding

from the ICD manufacturers, which may represent a potential conflict of interests.
71;77;83;84;91;92;97;99;101;103;107
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4.2.2 Assessment of effectiveness

4.2.2.1 All-cause mortality

All thirteen trials comparing the use of ICDs with antiarrhythmic drugs (AAD) in people at increased
risk of sudden cardiac death due to ventricular arrhythmias reported measures of all-cause mortality as

71;73;77,83,84,86,91;92;97;99;101;103;107 Four trials assessed the use of ICDs

their primary outcome measure.
compared with antiarrhythmic drugs (AAD) in people at increased risk of sudden cardiac death due to
previous ventricular arrhythmias.”#%%°* All four trials showed beneficial effects on crude mortality
rates for those receiving an ICD, although only the AVID" (ICDs 15.8%, AAD 24.0%, p<0.012,
follow-up 18.2 months) and the main DEBUT®* (ICDs 0%, AAD 14.0%, p<0.02, follow-up 3 years)
trials found statistically significant differences. A separate pilot study for the DEBUT trial* had
previously shown no significant difference between ICDs and AAD groups (ICDs 0%, AAD 30.0%,
p=0.07, follow-up maximum 3 years). In the other two studies differences were either not statistically
significant or were not assessed. The CASH trial®® reported all-cause mortality rates of 36.4% for the
ICDs group compared with 44.4% for the AAD group (p=not stated, follow-up 57 months). The

CIDS trial® reported crude mortality rates of 25.3% for the ICDs group and 29.6% for the AAD

group over the 3 years follow-up, equating to annual crude mortality rates of 8.3% for the ICDs group
compared with 10.2% for the AAD group, a relative risk reduction of 19.7% (95% CI, -7.7 to 40.0;
p=0.142) (see Table 17). A meta-analysis of the four studies (including the DEBUT pilot study®")
using a random effects model showed a statistically significant benefit for ICDs compared with AAD
with a risk ratio of 0.75 (95% CI, 0.61 to 0.93; p=0.010), with limited heterogeneity (Chi’*=5.89, df =4,
1°=32%) (see Figure 4).

Of the nine trials in people who had not suffered a life-threatening arrhythmia but were at increased
risk, three showed statistically significant benefit on all-cause mortality for the ICDs plus OPT group
compared with the different comparators (see Table 17). The three trials were the MADIT I'” and
MADIT 11*® on people remote from their M1 and the SCD-HeF T on people with heart failure. In
the MADIT I trial*®* 15.8% of people receiving an ICD plus OPT died compared with 38.6% of
people on OPT (mean follow-up 27 months), equating to a hazard ratio of 0.46 (95% CI, 0.26 to 0.82;
p=0.009) (see Table 17). The MADIT Il trial'®® also found significant benefit with 14.2 % of those
with an ICD plus OPT dying compared with 19.8% who received OPT only (mean follow-up 20
months), a hazard ratio of 0.69 (95% CI, 0.51 to 0.93; p=0.016). Post-trial follow-up of MADIT 11'*
found continued benefit with ICDs at 8 years (HR 0.66, 95% CI 0.56 to 0.78, p=0.001); analysis was
undertaken on an efficacy basis by including data on crossovers, and validated in an ITT analysis."

The SCD-Heft trial,"® which had a longer period of follow-up (mean 45.5 months), reported that
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22% of people who received an ICD plus OPT died compared with 28.4% of those receiving
amiodarone plus OPT and 28.8% of those receiving placebo plus OPT. Hazard ratios showed that the
difference between the ICD plus OPT and the placebo plus OPT groups were statistically significant
(HR 0.77 (97.5% CI 0.62 to 0.96; p=0.007), whereas that between the amiodarone plus OPT and the
placebo plus OPT showed no statistically significant difference (HR 1.06 (97.5% CI, 0.86 to 1.30;
p=0.53)."" A meta-analysis of the two MADIT trials'®**® using a random effects model showed a
statistically significant benefit for those receiving ICDs plus OPT compared with OPT alone with a
risk ratio of 0.57 (95% CI, 0.33 to 0.97; p=0.04), although there was some apparent heterogeneity
(Chi’*=3.54, df =1, I°’=72%) which may reflect differences in disease severity (see Figure 4).

The other six trials, which included people with either cardiomyopathy, 4%

or in the early period
post M1°"*° or were scheduled for a CABG,* found no statistically significant difference on all-cause
mortality. The AMIOVIRT trial”* reported all-cause mortality after a mean follow-up of 2 years,
finding 11.8% of those with an ICD plus OPT dying compared with 13.5% of those receiving
amiodarone plus OPT (p=0.8). The CAT trial* reported all-cause mortality at 1 year, showing no
significant difference (p=0.3672) with 8% of those with an ICD plus OPT dying compared with 3.7%
of those receiving OPT. Longer mean follow-up to 5.5 years showed limited difference with 26% of
the ICD plus OPT group and 31.5% of OPT group dying (p not stated). The DEFINITE trial®* found
that 12.2% of people with an ICD plus OPT and 17.5% of those with OPT had died at a mean follow-
up of 29 months, a hazard rate of 0.65 (95% CI, 0.40 to 1.06; p=0.08) (see Table 17). When these
three cardiomyopathy trials were combined through a random effects meta-analysis it confirmed that
there was no significant difference between the treatments with a risk ratio 0.77 (95% CI, 0.52 to
1.15; p=0.20) with no heterogeneity (Chi’=1.73, df =2, 1>=0%) (see Figure 4). The effect of
combining the three cardiomyopathy trials with the non-ischaemic congestive heart failure subgroup
of SCD-Heft'"" was assessed in section 4.2.2.12. The DINAMIT® and IRIS* trials assessed the
effects of ICDs plus OPT compared with OPT in people who were in the early period post MI. The
DINAMIT trial®’ reported that 18.7% of people with an ICD plus OPT and 17% of those with OPT
died by 30 months follow-up, resulting in a hazard ratio of 1.08 (95% ClI, 0.76 to 1.55; p=0.66).
Similarly the IRIS trial® found no significant difference on all-cause mortality between ICD plus OPT
(26.1%) and OPT (25.8%) reflected in a hazard ratio of 1.04 (95% CI, 0.81 to 1.35; p=0.15). Meta-
analysis of the DINAMIT®" and IRIS® trials confirmed that there was no significant difference
between the treatments with a risk ratio of 1.04 (95% ClI, 0.86 to 1.25; p=0.69), with no heterogeneity
(Chi?=0.19, df =1, I°=0%) (see Figure 4). The CABG Patch trial,® which included people who were
scheduled for a CABG, reported mortality of 22.9% for those with an ICD plus OPT compared with
21.2% for those on OPT (p not stated), a risk ratio of 1.08 (95% CI, 0.85 to 1.38; p=0.53) (see Figure
4).
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Table 17: All-cause mortality

Study Follow-up ICD, n/N (%) [rate/yr %] OPT, n/N (%) [rate/yr %] Effect 95% CI , p value
Cardiac arrest
AVID"” Mean 18.2 months (SD | 80/507 (15.8%, +95 CI 3.2) AAD: 122/509 (24.0%, + 95% CI 3.7) <0.012

12.2)
CASH® 57 months (SD 34) 36/99 (36.4%, C1 26.9 t0 46.6)* | Amiodarone: 40/92 (43.5%, Cl 33.2 to 54.2)°

Metoprolol: 44/97 (45.4%, Cl 35.2 to 55.8)°
Both™ 84/189 (44.4%, Cl 37.2 to 51.8)*

CIDS™* Mean 3 years 83/328 (25.3) [8.3] Amiodarone: 98/331 (29.6) [10.2] RRR 19.7 | -7.7 t0 40.0, 0.142
DEBUT™ Max 3 years after 0/10 (0) Propranolol: 3/10 (30) 0.07
pilot study randomisation
DEBUT™ 3 years 0/37 (0) Propranolol: 4/29 (14.0) 0.02
main study
Early post Ml
DINAMITY | average 30 months (SD | 62/332 (18.7) [7.5] 58/342 (17.0) [6.9] HR1.08 [0.761to0 1.55, 0.66

13)
IRIS™ average 37 months 116/445 (26.1) 117/453 (25.8) HR1.04 |0.81t01.35, 0.15
Remote from Ml
MADIT I™ | average 27 months 15/95 (15.8) 39/101 (38.6) HR 0.46 | 0.26-0.82, 0.009
MADIT I | average 20 months 105/742 (14.2) 97/490 (19.8) HR0.69 | 0.51-0.93,0.016
Cardiomyopathy
AMIOVIRT™ | mean 2.0 years (SD 1.3) | 6/51 (11.8) Amiodarone plus OPT: 7/52 (13.5) 0.8
CAT™ 1-year (primary end 4/50 (8.0) 2/54 (3.7) 0.3672
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Study Follow-up ICD, n/N (%) [rate/yr %] OPT, n/N (%) [rate/yr %] Effect 95% CI , p value
point)
mean 5.5 years (SD 2.2) | 13/50 (26.0) 17/54 (31.5)

DEFINITE™ Mean 29.0 months (SD | 28/229 (12.2) 40/229 (17.5) HR 0.65 0.40 to 1.06, 0.08
14.4)

Scheduled for CABG

CABG Patch®™ | mean 32 months (SD 16) | 102/446 (22.9) 96/454 (21.2)

Heart Failure

SCD-Heft™ | Median for surviving 182/829 (22) Amiodarone plus OPT® 240/845 (28.4) d
patients 45.5 months Placebo plus OPT® 244/847 (28.8) HR0.77 | 0.62t00.96,° 0.007

(range 24 - 72.6)

? Probability level for Cl around crude death rate not reported in CASH.* ® CASH® and SCD-Heft™" trials are three arm trials, however the two control arms
have been combined to provide a single-pairwise comparison for the meta-analysis (Cochrane Handbook section 16.5.4°") (see Figure 4). © Longer term (5.6

years) follow-up from one centre of the CIDS study has been excluded from the meta-analysis to avoid double counting of participants.  HRs for amiodarone
versus placebo are not presented in the summary tables — see Appendix 8. °97.5% CI.
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Figure 4: All-cause mortality

=

4.2.2.2 Total cardiac deaths
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Only two trials in people at increased risk of sudden cardiac death due to previous ventricular
arrhythmias, specifically the AVID™ and CIDS® trials, assessed the effects of ICDs compared with
AAD on total cardiac deaths (see Table 18). Although both studies found lower crude rates for those
receiving an ICD, neither reported whether the effect was statistically significant (AVID:"* ICD
12.4%, AAD 18.5%, p not stated; CIDS:® ICD 20.4%, AAD 25.1%:; p not stated). In addition, the
CIDS trial ® found no statistically significant difference between the interventions on annual crude
mortality rates (ICD 6.7%, AAD 8.6%, relative risk reduction of 23.4% (95% ClI, -5.7 to 44.5;
p=0.104). However a meta-analysis of the two studies using a random effects model showed that
ICDs had a statistically significant effect compared with AAD with a risk ratio of 0.74 (95% CI, 0.61
to 0.91; p=0.004) and no apparent heterogeneity (Chi’=0.84, df =1, 1°=0%) (see Figure 5).

Eight trials in people who had not suffered a life-threatening arrhythmia but were at increased risk
assessed the effects of ICDs plus OPT compared with either OPT, amiodarone plus OPT, or placebo
trial’®® on people remote from M1 (ICD plus OPT 10.6%, OPT 16.3%, p<0.01) and the SCD-Heft
trial*® on people with mild to moderate heart failure (ICD plus OPT 14.7%, placebo plus OPT 19.7%,
amiodarone plus OPT 19.2%; HR 0.76, 95% CI, 0.60 to 0.95; p=0.018) found statistically significant
benefit for those receiving ICDs plus OPT. A similar difference was identified in the MADIT | trial*®
on people remote from M1 (ICD plus OPT 11.6%, OPT 26.7%), however statistical significance was
not stated. A meta-analysis of the MADIT 1'® and 11*®® trials using a random effects model showed a
statistically significant benefit for ICDs plus OPT with a risk ratio of 0.59 (95% CI, 0.42 to 0.83;
p=0.003) and limited heterogeneity (Chi’=1.3, df =1, 1>=23%) (see Figure 5).

The DINAMIT®" (ICD plus OPT 13.9%, OPT 14.3%, p=not stated) and IRIS*® (ICD plus OPT 21.4%,
OPT 21.9%, p=not stated) trials on those with a recent Ml, the AMIOVIRT trial™ on those with
cardiomyopathy (ICD plus OPT 8%, amiodarone plus OPT 10%, p=not stated) and the CABG Patch
trial® on people scheduled for a CABG (ICD plus OPT 17.0%, OPT 17.4%, HR 0.97 (95% ClI, 0.71
to 1.33; p=0.84) found limited difference in total cardiac deaths between those receiving ICD plus
OPT compared with either OPT or amiodarone plus OPT (see Table 18). In contrast, the CAT trial®*
in people with cardiomyopathy reported higher total cardiac mortality among those receiving an ICD
plus OPT compared with those receiving OPT (ICD plus OPT 8%, OPT 0%), although the statistical
significance was not stated. When these trials were meta-analysed by patient group using random
effects models, the lack of any statistically significant benefit was evident. Combining the
DINAMITY and IRIS® trials of people with a recent M1 produced a risk ratio of 0.97 (95% CI, 0.79
to 1.20; p=0.8) with no apparent heterogeneity (Chi*=0, df =1, 1>=0%) (see Figure 5).The meta-
analysis of the AMIOVIRT™ and CAT® trials of people with cardiomyopathy resulted in a risk ratio
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of 2.03 (95% ClI, 0.17 to 23.62; p=0.57) with some moderate heterogeneity (Chi*=2.59, df =1,
1°=61%) (see Figure 5).

Figure 5: Total cardiac deaths

B
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Table 18: Total cardiac deaths

Study Follow-up, mean ICD, n/N (%) [rate/yr %]| OPT, n/N (%)[rate/yr %] Effect 95% CI , p value
Cardiac arrest
AVID™ 18.2 months (SD 12.2) 63/507 (12.4) AAD: 94/509 (18.5)
CIDS® 3 years 67/328 (20.4) [6.7] Amiodarone: 83/331 (25.1) [8.6] RRR 23.4 | -5.7 to 44.5,1.04
Early post Ml
DINAMITY average 30 months (SD 13) 46/332 (13.9) 49/342 (14.3)
IRIS¥ average 37 months 95/445 (21.4) 99/453 (21.9)
Remote from Ml
MADIT I'* average 27 months 11/95 (11.6) 27/101 (26.7)
MADIT II'% average 20 months 79/742 (10.6) 80/490 (16.3) <0.01
Cardiomyopathy
AMIOVIRT™ mean 2.0 years (SD 1.3) 4/51 (8) Amiodarone plus OPT: 5/52 (10)
CAT™ 1-year (primary end point) 4/50 (8) 0/54 (0)
Scheduled for CABG
CABG Patch® mean 32 months (SD 16) 76/446 (17.0) 79/454 (17.4)) HR0.97 |0.71t01.33,0.84
Heart Failure
SCD-Heft'™® Median for surviving patients | 122/829 (14.7) Amiodarone plus OPT: 162/845 (19.2)
45.5months (range 24 to 72.6) Placebo plus OPT: 167/847 (19.7) HR0.76 | 0.60to0 0.95, 0.018

89




4.2.2.3 Sudden cardiac death/arrhythmic deaths

Sudden cardiac and arrhythmic death rates were lower among people receiving an ICD compared with
AAD in the four trials in people at increased risk of sudden cardiac death due to previous ventricular
arrhythmias (see Table 19)."%%%%%! Both the CASH® (ICDs 13.0%, 95% Cl, 7.9 to 19.6; AAD (either
amiodarone or metoprolol) 33.0%, 95% ClI, 27.2 to 41.8) and DEBUT®" (ICDs 0%; AAD 13.8%)
trials reported lower rates of sudden cardiac death for those receiving an ICD compared with AAD,
although only the CASH trial® showed a statistically significant difference. Similarly, the AVID™ and
CIDS® studies showed benefit for people receiving an ICD compared with AAD on crude rates of
arrhythmic deaths (AVID:" ICDs 4.7%; AAD 10.8%; CIDS®: ICDs 9.2%, AAD 13.1%,), although
neither demonstrated a statistically significant difference. The CIDS trial® also showed no statistically
significant difference when comparing the interventions on annual crude mortality rates (ICDs 3.0%,
AAD 4.5%, RRR 32.8%, 95% CI, -7.2 to 57.8; p=0.094). Combining the four studies through a
random effects meta-analysis showed a statistically significant benefit for ICDs compared with AAD
with a risk ratio of 0.49 (95% CI, 0.34 to 0.69; p<0.0001) and limited heterogeneity (Chi’=5.47, df =4,
1?=27%), Figure 6.

All nine trials in people who had not suffered a life-threatening arrhythmia but were at increased risk
reported sudden cardiac or arrhythmic deaths as an outcome (see Table 19),71/80:8492:97:99:101:105:110
Although eight of the trials showed benefit for those receiving an ICD plus OPT compared with
either OPT, amiodarone plus OPT or placebo plus QPT; *80:9%97:99:101:105:110
as being statistically significant.?***'%® The DINAMIT®" and IRIS* trials highlighted the benefits of
ICDs plus OPT compared with OPT for people who had had a recent MI, reporting hazard ratios of
0.42 (95% Cl, 0.22 to 0.83; p=0.009) and 0.55 (95% ClI, 0.31 to 1.00; p=0.049) respectively (see
Table 19). When meta-analysed a combined risk ratio of 0.45 (95% CI, 0.31 to 0.64; p<0.0001)

resulted with no heterogeneity reported (Chi*=0.03, df =1, I°=0%) (see Figure 6).

only four identified these

The MADIT I'®" (ICD plus OPT 3.2%, OPT 12.9%, p=not stated) and MADIT 11'® (ICD plus OPT
3.8%, OPT 10.0%, p<0.01) trials among people remote from MI showed lower rates of sudden
cardiac or arrhythmic death among those with an ICD plus OPT compared with OPT. Meta-analysis
through a random effects model showed significant benefit for ICD plus OPT with a risk ratio of 0.36
(95% ClI, 0.23 to 0.55; p<0.00001) and no heterogeneity (Chi*=0.42, df =1, 1’=0%)(see Figure 6).

The AMIOVIRT,”* CAT® and DEFINITE® trials in people with cardiomyopathy reported differing
outcomes. The DEFINITE trial® found significantly fewer people with an ICD plus OPT (1.3%) died

from sudden cardiac or arrhythmic death compared with those on OPT (6.1%), reflected in a hazard
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ratio of 0.20 (95% Cl, 0.06 to 0.71; p=0.006) (Table 19). Although the AMIOVIRT trial”* also found
benefit for those receiving an ICD plus OPT (2.0%) compared with those receiving amiodarone plus
OPT (3.9%), the benefit was not statistically significant (p=0.7). The CAT trial®* reported no deaths
from sudden cardiac or arrhythmic deaths in either the ICD plus OPT or OPT groups. A random
effects meta-analysis of the three trials showed an overall statistically significant benefit for people
with an ICD plus OPT compared with comparator treatment with a risk ratio of 0.26 (95% CI, 0.09 to
0.77; p=0.02) with no heterogeneity (Chi’=0.41, df =1, 1°=0%) (Figure 6).

The CABG Patch trial® in people who were scheduled for CABG surgery reported lower rates of
sudden cardiac and arrhythmic death in the ICD plus OPT group (3.4%) compared with the OPT
(6.2%), although the difference was marginally insignificant (HR 0.55, 95% CI, 0.29 to 1.03; p=0.06)
(Table 19). In contrast, the SCD-HEFT trial*® found significantly lower sudden cardiac or arrhythmic
mortality in the group receiving ICD plus OPT (4.6%) compared with the group receiving
amiadarone plus OPT (9.5%) or placebo plus OPT (11.6%) with a risk ratio of 0.44 (95% CI, 0.31 to
0.61; p<0.00001) (Figure 6).
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Table 19: Sudden cardiac deaths/arrhythmic deaths

Study Follow-up ICD, n/N (%) [rate/yr %] OPT, n/N (%) [rate/yr %] Effect 95% CI , p value
Cardiac arrest
AVID" Mean 18.2 months | 24/507 (4.7) AAD: 55/509 (10.8)
(SD 12.2)
CASH® 57 months (SD 34) | 13/99 (13.0%, Cl 7.9 to Amiodarone: 27/92 (29.5%, C1 19.4 to 40.8)°
19.6)* Metoprolol: 34/97 (35.1%, Cl 25.2 to 48.8)°
Both: 62/189 (33.0%, CI 27.2 to 41.8)
CIDS® Mean 3 years 30/328 (9.2) [3.0] Amiodarone: 43/331 (13.1) [4.5] RRR 32.8% | -7.2t057.8, 0.094
DEBUT™ Max. 3 years after | 0/10 (0) Propranolol: 3/10 (30)
pilot study randomisation
DEBUT™ 3 years 0/37 (0) Propranolol: 4/29 (13.8)
main study
Early post Ml
DINAMITY [ average 30 (SD 13) | 12/332 (3.6) [1.5] OPT 29/342 (8.7) [3.5] HR 0.42 0.22 to 0.83, 0.009
months
IRIST average 37 months | 27/445 (6.1) OPT 60/453 (13.2) HR 0.55 0.31 t0 1.00, 0.049
Remote from Ml
MADIT I | average 27 months | 3/95 (3.2) OPT 13/101 (12.9)
MADIT I | average 20 months | 28/742 (3.8) OPT 49/490 (10.0)
<0.01
Cardiomyopathy
AMIOVIRT™ | mean 2.0 years (SD | 1/51 (2.0) Amiodarone plus OPT 2/52 (3.9) 0.7
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Study Follow-up ICD, n/N (%) [rate/yr %] OPT, n/N (%) [rate/yr %] Effect 95% CI , p value
1.3)

CAT™ 1-year (primary end | 0/50 (0) OPT 0/54 (0)
point)

DEFINITE® | Mean (SD) 29.0 3/229 (1.3) OPT 14/229 (6.1) HR 0.20 0.06 to 0.71, 0.006
(14.4) months

Scheduled for CABG

CABG Patch®™ | mean 32 (SD 16) | 15/446 (3.4) OPT 28/454 (6.2) 0.55 0.29 t0 1.03, 0.06
months

Heart Failure

SCD-Heft"™ | Median for 38/829 (4.6) Amiodarone plus OPT 80/845 (9.5) Placebo

surviving patients
45.5 months (range
2410 72.6)

plus OPT 98/847 (11.6)

2 Crude death rate.” Level of CI not reported.
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Figure 6: Sudden cardiac deaths/arrhythmic deaths

Ed

4.2.2.4 Cardiac non-arrhythmic deaths

Two trials in people at increased risk of sudden cardiac death due to previous ventricular arrhythmias

reported rates of non-arrhythmic deaths.”*® The AVID™ and CIDS® trials assessed the effects of
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ICDs compared with AAD on crude non-arrhythmic cardiac deaths, with neither stating whether
there was any statistically significant benefit (AVID™*: ICDs 7.7%, AAD 7.7%; CIDS®: ICDs 11.3%,
AAD 12.1%) (Table 20). The CIDS trial® also reported annual crude mortality rates (ICDs 3.7%,
AAD 4.2%), which resulted in a non-significant relative risk reduction of 13.5% (95% Cl, -35.4 to
44.7; p=0.526). A random effects meta-analysis confirmed the lack of statistically significant
difference with a risk ratio 0.97 (95% Cl, 0.72 to 1.31, p=0.83) with no heterogeneity (Chi’*=0.06, df
=1, 1’=0%) (Figure 7).

ICDs plus OPT appeared to have limited effect on the occurrence of non-arrhythmic cardiac deaths
when compared with OPT, amiodarone plus OPT or placebo plus OPT in people who had not suffered
a life-threatening arrhythmia but were at increased risk (Table 20). In people who had a recent Ml, the
DINAMIT® and IRIS trials® found statistically significant benefit for those on OPT only compared
with those receiving an ICD plus OPT, reporting hazard ratios 1.72 (95% ClI, 0.99 to 2.99; p=0.05)
and 1.92 (95% Cl, 1.29 to 2.84; p=0.001) respectively. Combining the studies through a random
effects meta-analysis confirmed the statistically significant benefit for people on OPT with a risk ratio
of 1.77 (95% ClI, 1.30 to 2.40; p=0.0002) and no apparent heterogeneity (Chi’=0, df =1, 1’=0%)
(Figure 7).

The effect of the different interventions on non-arrhythmic cardiac deaths in other patient sub-groups
was more equivocal. The MADIT I'®* and MADIT 1'% trials in people remote from Ml reported
contrasting mortality rates (MADIT 1:** ICDs plus OPT 7.4%, OPT 12.9%: MADIT 11:*® ICDs plus
OPT 5.8%, OPT 4.3%), which when meta-analysed through a random effects model showed no
statistically significant difference between the ICD plus OPT and OPT groups (RR 0.95, 95% ClI, 0.41
to 2.18; p=0.9; Chi®=2.77, df =1, 1°=64%) (Figure 7). Similar variation was reported by the three trials
assessing non-arrhythmic cardiac deaths among people with cardiomyopathy. The AMIOVIRT™
(ICDs plus OPT 5.9%, amiodarone plus OPT 5.8%), CAT®* (ICDs plus OPT 8%, OPT 0%) and
DEFINITE® (ICDs plus OPT 3.9%, OPT 4.8%) trials reported differing mortality rates that when
meta-analysed showed no statistically significant benefit (RR 1.13, 95% CI, 0.42 to 3.03; p=0.81,
Chi®=2.71, df =2, 1°=26%) (Figure 7). Similarly the CABG Patch trial®® in those who were scheduled
for CABG surgery (RR 1.26, 95% ClI, 0.87, 1.82; p=0.21) and SCD-Heft trial*'° in people with mild-
moderate heart failure (RR 1.14, 95% CI, 0.88 to 1.48; p=0.32) found no statistically significant
benefit (Figure 7).
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Table 20: Non-arrhythmic cardiac deaths

Study Follow-up, mean ICD, n/N (%) [rate/yr %]| OPT, n/N (%) [rate/yr %] Effect 95% CI , p value
AVID™ 18.2 months (SD 12.2) 39/507 (7.7) AAD: 39/509 (7.7)

CIDS® 3 years 37/328 (11.3) [3.7] Amiodarone: 40/331 (12.1) [4.2] | RRR13.5% | -35.4to 44.7,0.526
Early post Ml

DINAMITY average 30 (SD 13) months 34/332 (10.2) [4.1] 20/342 (5.8) [2.4] HR 1.72 0.99 t0 2.99, 0.05
IRIS¥ average 37 months 68/445 (15.3) 39/453 (8.6) HR 1.92 1.29 to 2.84, 0.001
Remote from Ml

MADIT I'* average 27 months 7/95 (7.4) 13/101 (12.9)

MADIT 1I'® average 20 months 43/742 (5.8) 21/490 (4.3)

Cardiomyopathy

AMIOVIRT™ mean 2.0 years (SD 1.3) 3/51 (5.9) Amiodarone plus OPT: 3/52 (5.8) 0.7

CAT™ 1-year (primary end point) 4/50 (8) 0/54 (0)

DEFINITE™ Mean (SD) 29.0 (14.4) months | 9%229 (3.9) 11%/229 (4.8)

Scheduled for CABG

CABG Patch® mean 32 ( SD 16) months 57/446 (12.8) 46/454 (10.1) HR 1.24 0.84t01.84,0.28
Heart failure

SCD-Heft'™® Median for surviving patients 81/829 (9.8) Amiodarone plus OPT: 77/845 (9.1)

45.5 (range 24 to 72.6) months

Placebo plus OPT: 68/847 (8.0)

# Deaths from heart failure reported only.
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Figure 7: Non-arrhythmic cardiac deaths

i

4.2.2.5 Other causes of death: non-cardiac deaths

Two trials in people at increased risk of sudden cardiac death due to previous ventricular arrhythmias
assessed non-cardiac causes of death as an outcome (see Table 21)."%*° The AVID™ and CIDS® trials
found no statistically significant difference between ICDs and AAD on other non-cardiac causes of
death (AVID:™ ICDs 3.4%, AAD 5.5%, RR 1.78 (95% Cl, 0.98 to 3.26); p=0.053; CIDS:®* non-
cardiac vascular ICDs 0.9%, AAD 0.6%, RRR -36.6% (95% CI, -719.8 to 77.2), p=0.732; non-
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vascular ICDs 4.0%, AAD 3.9%, RRR 4.5% (95% Cl, -106.1 to 55.7), p=0.908) (see Table 21),
reflected in a random effects meta-analysis (risk ratio 0.79, 95% CI, 0.45 to 1.37, p=0.40; Chi*=1.51,
df =1, 1>=34%) (Figure 8). The CIDS trial®® presented annual crude death rates for the ICDs and AAD
groups for non-cardiac vascular (ICDs 0.3%, AAD 0.2%) and non-vascular (ICDs 1.3%, AAD 1.4%)

causes,® finding limited difference.

Eight trials in people who had not suffered a life-threatening arrhythmia but were at increased risk
assessed the effects of ICDs plus OPT with the different comparator treatments on other non-cardiac
causes of death, finding no statistically significant benefit (see Table 21)."180849799:101:105110 Nata
analyses using random effects models of the DINAMIT® and IRIS® trials in people with a recent Ml
(RR 1.39, 95% ClI, 0.86 to 2.27; p=0.18; Chi®=0.70, df =1, 1>=0%), the MADIT 1'®* and MADIT 11'®
trials in people remote from MI (RR 1.06, 95% CI, 0.58 to 1.95; p=0.84; Chi?=0.55, df =1, I2=0%),
and the AMIOVIRT™ and CAT® trials in people with cardiomyopathy (RR 0.65, 95% ClI, 0.13 to
3.29; p=0.60; Chi*=0.75, df =1, 1°=0%) all found no statistically significant effects (Figure 8).
Similarly the CABG Patch trial®® in people who were scheduled for CABG surgery (RR 1.50, 95% Cl,
0.82 to 2.73; p=0.19) and the SCD-Heft*" trial in mild-to moderate heart failure (RR 0.92, 95% ClI,
0.66 to 1.27; p=0.60) reported no statistically significant differences in deaths from other non-cardiac

causes (Figure 8).
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Table 21: Other causes of death (non-cardiac)

Study Outcome, follow-up (mean) ICD, n/N (%) [rate/yr %] | OPT, n/N (%) [rate/yr %] Effect 95% CI , p value
Cardiac arrest
AVID™ 18.2 months (SD 12.2) 17/507 (3.4) AAD: 28/509° (5.5) RR 1.78 0.98 t0 3.26, 0.053
CIDS® Non-cardiac vascular, 3 years 3/328 (0.9) [0.3] Amiodarone: 2/331 (0.6) RRR -36.6%| -719.8to 77.2, 0.732
[0.2]

Non- vascular, 3 years 13/328 (4.0) [1.3] 13/331 (3.9) [1.4] RRR 4.5% | -106.1to 55.7, 0.908
Early post Ml
DINAMITY Non-cardiac vascular, average 30 5/332 (1.5) [0.6] 3/342 (0.9) [0.4] HR 1.69 0.40 to 7.06, 0.47

months (SD 13)

Non vascular 11/332 (3.3) [1.3] 6/342 (1.8) [0.7] HR 1.85 0.681t05.01, 0.22
IRIS™ average 37 months 21/445 (4.7) 18/453 (4.0) HR 1.23 0.51
Remote from Ml
MADIT I'* Non-cardiac, average 27 months 4/95 (4.2) 6/101 (5.9)

Unknown (cardiac or non-cardiac) 0/95 (0) 6/101 (5.9)
MADIT II*%® Non-cardiac deaths, average 20 22/742 (3.0) 12/490 (2.4)

months

Unknown (cardiac or non-cardiac) 4/742 (0.5) 5/490 (1.0)
Cardiomyopathy
AMIOVIRT™ mean 2.0 years (SD 1.3) 2/51 (3.9) Amiodarone plus OPT: 2/52 0.9

(3.8)

CAT™ 1-year (primary end point) 0/50 (0) 2/54 (3.7)

Scheduled for CABG
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CABG Patch® Non-cardiac, mean 32 mths (SD 16) 25/446 (5.6) 17/454 (3.7) HR 1.49 0.80t0 2.76, 21
Unknown 1/446 (0.2) 0/454 (0)
Heart Failure
SCD-Heft'™® Non-cardiac, median for surviving 48/829 (5.8) Amiodarone plus OPT: 54/845
patients 45.5 mths (range 24 to 72.6) (6.4)_Placebo plus OPT: HR 0.80° 0.57t01.12, ns
53/847 (6.3)
Unknown deaths 12/829 (1.4) Amiodarone plus OPT: ns

24/845 (2.8) Placebo plus
OPT 24/847 (2.8)

23 attributed to pulmonary toxicity due to amiodarone. ® Comparison of non-cardiac deaths for ICDs plus OPT compared with placebo plus OPT groups.
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Figure 8: Other causes of death: Non-cardiac deaths

=

4.2.2.6 Cumulative mortality

The cumulative mortality risk for both total and arrhythmic mortality was assessed annually up to 3
years follow-up in the CIDS trial in people at increased risk of sudden cardiac death due to previous
ventricular arrhythmias.®® Rates were consistently lower for those receiving an ICD compared with
AAD with relative risk reduction for total mortality in year 1 of 15.4%, year 2 of 29.7% and year 3 of
13.7% and for arrhythmic mortality in year 1 of 29.9%, year 2 of 31.4% and year 3 17.8% (Table 22).
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Four trials in people who had not suffered a life-threatening arrhythmia but were at increased risk
reported other mortality outcomes.” #%%*1% The IRIS trial*® in people with a recent M1 presented
cumulative death rates annually up to 3 years (see Table 22). Although it found lower mortality rates
for those with an ICD plus OPT (year 1 10.6%; year 2 15.4%; year 3 22.4%) compared with OPT
(year 1 12.5%; year 2 18.2%); year 3 22.9%), the differences were not found to be statistically
significant (p=0.76).% Similarly the DEFINITE trial** in people with cardiomyopathy (year 1 ICDs
plus OPT 2.6%, OPT 6.2%; year 2 ICDs plus OPT 7.9%, OPT 14.1%) and the SCD-Heft trial*’ in
people with mild-moderate heart failure (Kaplan-Meier estimate 5 year: ICDs plus OPT 0.289;
amiodarone plus OPT 0.340; placebo plus OPT 0.361) also reported lower all-cause mortality
following implantation of an ICD (p not stated). In contrast, the CABG Patch trial’’ in people
scheduled for CABG surgery reported higher actuarial mortality at 4 years follow-up in those with an
ICD plus OPT (27%) compared with OPT (24%), although the difference was not statistically
significant (HR 1.07, 95% CI, 0.81 to 1.42, p=0.64) (see Table 22).

4.2.2.7 Survival

Differences in mortality were reflected in the survival outcomes reported by the AVID"*™ and
CASH® trials in people at increased risk of sudden cardiac death due to previous ventricular
arrhythmias.®® The AVID trial reported statistically significant differences in overall survival during
the 3 years follow-up (p<0.02),” survival free of cardiac death at 2 years (p=0.0042)"* and survival to
arrhythmic death at 2 years (p=0.0002)"* favouring ICDs compared with AAD (see Table 23).
Survival free of non-arrhythmic cardiac death did not differ significantly between those receiving ICD
compared with AAD (p=0.8039).”* Despite the CASH trial®® finding benefits from ICDs compared
with AAD on overall survival (HR 0.766, p=0.081) and survival free of cardiac arrest (HR 0.481,
p=0.072), differences were not statistically significant. In contrast, the CASH trial® did report a
significant benefit on survival free of sudden death for people who received an ICD compared with
AAD (HR 0.423, p=0.005). The DEBUT trial® reported mean survival times for the AAD group of
26.2 (SEM 1.4) months (no deaths in the ICDs group).

Only the AMIOVIRT™ and CAT® trials in people with cardiomyopathy reported survival (Table 23).
The AMIOVIRT trial*presented overall and arrhythmia-free survival rates for the ICD plus OPT
group and the amiodarone plus OPT group at 1 and 3 years follow-up, showing no statistically
significant difference (p=0.8).”* The CAT trial® presented cumulative survival data for ICDs plus
OPT and OPT up to 6 years follow-up, finding no statistically significant difference (p=0.554) (Table
23).
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4.2.2.8 Heart failure hospitalisations

Only the AVID study’ in people at increased risk of sudden cardiac death due to previous ventricular
arrhythmias reported the proportion of patients re-hospitalised annually up to three years.
Significantly higher rates were reported for the ICD group compared with the AAD group (p=0.04)
(Table 24). For both groups re-hospitalisation rates were above 55% at year 1, 65% at year 2 and 75%
at year 3.

The MADIT I trial*® among people remote from M reported the proportion of hospitalisations due
to heart failure (ICDs plus OPT 19.9%, OPT 14.9%, p not stated) and the number of patients
hospitalised per 1000 months follow-up (ICDs plus OPT 11.3, OPT 9.4, p=0.09) with higher rates
among those receiving ICDs plus OPT (Table 24).

4.2.2.9 Symptoms/complications related to arrhythmias

The CAT® and AMIOVIRT™ trials in people with cardiomyopathy reported the occurrence of
syncope. Some 12% of people with an ICD plus OPT had syncope during ventricular tachycardias in
the CAT trial®* and 3.9% of ICD plus OPT and 5.8% of amiodarone plus OPT patients had syncope in
the AMIOVIRT study’ (see Table 25). The MADIT Il trial'® among people remote from Ml
reported the number of adverse cardiac events in the week prior to sudden cardiac death (ICDs plus
OPT 28, OPT 49) with comparable rates of syncope and angina pectoris (4% for both), lower rates of
myocardial infarction for ICDs plus OPT (ICDs plus OPT 4%, OPT 10%) and higher rates of
ventricular arrhythmia (ICDs plus OPT 25%, OPT 10%) and for congestive heart failure (ICDs plus
OPT 43%, OPT 16%) for ICDs plus OPT compared with OPT.
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Table 22: Cumulative mortality

Study Outcome measure ICD OPT Effect
Cardiac arrest
CIDS® Cumulative risks over time, Total mortality % Amiodarone:
-1 year 9.46% 11.18% ARR 1.72%, RRR 15.4%
- 2 years 14.75% 20.97% ARR 6.22%, RRR 29.7%
- 3 years 23.32% 27.03% ARR 3.71%, RRR 13.7%
Cumulative risks over time, arrhythmic mortality %
-1 year 4.37% 6.23% ARR 1.86%, RRR 29.9%
- 2 years 6.68% 9.74% ARR 3.06%, RRR 31.4%
- 3 years 9.77% 11.88% ARR 2.11%, RRR 17.8%
DEFINITE® All-cause mortality rate at 1 year 2.6% 6.2%
All-cause mortality rate at 2 years 7.9% 14.1%
IRIS” Cumulative 1 year death rate * 10.6% 12.5%
Cumulative 2 year death rate * 15.4% 18.2%
Cumulative 3 year death rate * 22.4% 22.9%
CABG Patch”’ Actuarial mortality by 4 years follow-up 27% 24% 0.64
Hazard ratio for death per unit time HR 1.07 (95% CI 0.81 to 1.42)
SCD-Heft™ Kaplan-Meier estimates death from any cause 0.289 Amiodarone plus OPT: 0.340

- 5 year event rate

Placebo plus OPT: 0.361

# States that no significant difference in survival was detected between the groups, p-value of 0.76 given which may relate to these data, but reporting is

unclear.
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Table 23: Survival

Study Outcome, follow-up ICD, n/N (%) | OPT, n/N (%) Effect 95% CI , p value
Cardiac arrest
AVID"” Overall survival, mean 18.2 months (SD 12.2) AAD <0.02
-1 year, % 89.3 82.3
-2 year, % 81.6 747
- 3 year, % 75.4 64.1
Survival free of cardiac death® ™ - at 1 year 90.9% 85.1% 0.0042
- at 2 years 85.0% 81.2%
Survival to arrhythmic death®™ - at 1 year 96.6% 91.9% 0.0002
- at 2 years 94.2% 89.1%
Survival free of non-arrhythmic cardiac death © | presented in presented in figure 0.8039
figure only only
CASH™ 57 months (SD 34) AAD:
Overall survival, ICD vs amiodarone HR 0.766 97.5% CI upper bound
/metoprolol 1.112, 0.081
Survival free of sudden death ICD vs HR 0.423 97.5% CI upper bound
amiodarone /metoprolol 0.721, 0.005
Survival free of cardiac arrest ICD vs HR 0.481 97.5% CI upper bound
amiodarone /metoprolol 1.338, 0.072
DEBUT™ 3 years
main study Mean survival, months, mean (SEM) 26.2 (1.4)

Cardiomyopathy
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Study Outcome, follow-up ICD, n/N (%) | OPT, n/N (%) Effect 95% CI , p value
AMIOVIRT™ | Survival rates %, - 1 year 96% Amiodarone plus
OPT: 90%
- 3 year 88% Amiodarone plus 0.8°
OPT: 87%
Arrhythmia-free survival rates %, - 1 year 78 82 0.1°
- 3 year 63 73
CAT™® cumulative survival, - 2 year 92% 93% 0.554
- 4-year 86% 80%
- 6-year 73% 68%

*Non-cardiac deaths censored. ® Non-cardiac and non-arrhythmic deaths censored. ¢ Non-cardiac and arrhythmic deaths censored. ¢ Survival rates at 1 and 3
years. ® Arrhythmic-free survival rates at 1 and 3 years.

Table 24: Hospitalisations

Study Follow-up ICD, n/N (%) OPT, n/N (%) | Effect 95% CI , p value
Cardiac arrest
AVID"” % of patients re-hospitalised (patients at risk n=1011) 0.04
-at1year 59.5 55.6
- at 2 years 74.8 64.7
- at 3 years 83.3 75.5
Remote from Ml
MADIT 1II'”® Hospitalisation due to heart failure, n (%) 148 (19.9) 73 (14.9)
Patients hospitalised, per 1000 months of active follow-up 11.3 94 0.09
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Table 25: Symptoms/complications related to arrhythmia

Study Outcome, follow-up ICD, n/N (%) OPT, n/N (%) | Effect (HR) 95% CI , p value
Cardiomyopathy
CAT™ Syncope during VTS 6/50 (12)
AMIOVIRT" Syncope 3.9%° 5.8% 0.7
Remote from Ml
MADIT II*%® Adverse cardiac events in week prior to SCD (n=28) (n=49)

Syncope 4% 4%

Angina pectoris 4% 4%

Mi 4% 10%

Ventricular arrhythmia 25% 10%

Congestive HF 43% 16%

#VT or VF was the cause of syncope in each ICD patient in whom it occurred.
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4.2.2.10 QoL

Two trials in people at increased risk of sudden cardiac death due to previous ventricular arrhythmias,
the AVID™® and CIDS® trials, reported results from sub-studies using a range of generic and
condition-specific measures of quality of life (QoL) (Table 26). The AVID trial”® assessed QoL
through the SF-36 physical (PCS) and mental (MCS) component summaries, 46 item patient concerns
checklist, and the cardiac version of the QL index. Follow-up was for 12 months and assessments
were made of the impact of adverse symptoms and ICD shocks. Comparison of PCS scores at
baseline and 12 months follow-up showed no statistically significant difference between the ICD and
AAD groups (baseline: ICDs 37.4, AAD 36.5, p=0.3; 12 months: ICDs 40.0, AAD 38.0, p=0.3). In
contrast, the ICDs group had a lower (worse) mean score on the MCS at baseline compared with the
AAD group that was statistically significant (p=0.006), although any difference had disappeared by 12
months follow-up. Scores on the patient concerns checklist did not differ significantly between the
ICD and AAD groups at baseline (ICDs 15.9, AAD 16.2, p=0.06) or at 12 months follow-up (p=0.1).
On the QL index the scores for the ICDs and AAD groups were similar at baseline (ICDs 22.1, AAD
21.9, p not stated) and at 12 months follow-up (scores and p values not stated).

The effects of adverse symptoms and ICDs shocks were assessed in the AVID trial”®

on PCS scores,
MCS scores and patient concerns through multivariate analysis including age, sex, race, index
arrhythmia, ejection fraction, history of heart failure and use of B-blockers at hospital discharge.
Adverse symptoms led to a statistically significant worsening of PCS scores (p<0.001), MCS scores
(p=0.002) and patient concern scores (p<0.001) for the ICDs group and on PCS scores (p=0.009) and
patient concern scores (p=0.03) for the AAD group. The occurrence of ICD shocks had a similar
adverse effect on QoL with statistically significant worsening on PCS scores (p=0.03), MCS scores

(p=0.04) and patient concern scores (p<0.001).

A sub-study of the CIDS trial® reported the effects of ICDs and AAD on three domains of the Mental
Health Inventory (MHI) and seven domains of the Nottingham Health Profile (NHP), with an
additional assessment of the consequences of ICD shocks on these measures. At 12 months follow-up
the ICDs group had shown significantly greater improvement than the AAD group on the MHI
domains of ‘total index’ (p=0.001), ‘psychological distress’ (p=0.001) and *psychological well-being’
(p=0.03) and the NHP domains of ‘energy level’ (p=0.0001), ‘physical mobility’ (p=0.002),
‘emotional reactions’ (p=0.002), ‘sleep disturbance’ (p=0.02) and ‘lifestyle impairment’ (p=0.005). It
was notable that none of the domains on MHI and NHP improved for the AAD group between
baseline and 12 months follow-up, with the domains of energy level and physical mobility

deteriorating.
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The effects of ICD shocks on QoL were assessed in the CIDS trial®® on the different domains of MHI
and NHP through univariate comparisons between groups in terms of the numbers of shocks (i.e. ICD
no shocks, ICD 1-4 shocks, ICD >5 shocks and AAD group without an ICD). It was evident that the
ICD >5 shocks group, like the AAD group without an ICD, did not experience the significant
improvements in QoL that were reported by the ICDs groups with <5 shocks. At 12 months follow-up
the 1CDs >5 shocks sub-group scored significantly (p<0.05) worse than both the ICDs no shocks and
1-4 shocks group on MHI ‘total index’ and ‘psychological distress’ domains, than 1-4 shocks on
‘psychological well-being * domain and ICDs no shocks on NHP ‘emotional reactions’ domain.
Although the ICDs >5 shocks group did not differ significantly from the AAD group without an ICD
on any of the MHI and NHP domains, the ICDs no shocks and 1-4 shocks groups had significantly
(p<0.05) better QoL compared with the AAD group without an ICD on the MHI ‘total index’ and
‘psychological distress’ and the NHP “energy level’, ‘physical mobility’ (ICD no shocks only),

‘emotional reactions’ and ‘lifestyle impairment’” domains.

Five trials in people who had not suffered a life-threatening arrhythmia but were at increased risk
assessed quality of life.”%%1%5109 The MADIT Il trial'® assessed quality of life in those remote from
their M1 through the Health Utility Index (HUI3), reporting the mean score, mean annual change and
overall mean score (including death) for those alive at assessment annually to 3 years follow-up
(Table 26). The mean annual change in HUI3 scores showed a worsening in HRQoL for the ICD plus
OPT group compared with the OPT group annually, with statistically significantly change in years 2
(p=0.05) and 3 (p=0.10).'% Despite these changes, comparison of the HUI3 scores for the different
interventions showed that they were not significantly different during follow-up, even when mortality

was taken into account (valuing death as 0).'%

The AMIOVIRT study™ in people with cardiomyopathy assessed changes in quality of life using the
Quality of Well Being Schedule (QWBS) and the State Trait Anxiety Inventory (STAI).”* Comparison
of the ICD plus OPT group with the amiodarone plus OPT group at 1 year follow-up showed no
statistically significant difference between the groups on well-being on the QWBS (p=0.5) or anxiety
on the STAI (p=0.4).” Although the DEFINITE trial®® in people with cardiomyopathy assessed
quality of life using the SF-12 mental (MCS) and physical (PCS) component scores and MLHFQ,
stating that no statistically significant differences were found between the ICD plus OPT and OPT

groups, no data were reported.

The CABG Patch trial® in people scheduled for a CABG assessed HRQoL on measures of perception
of health, ability to function and psychological well-being at 6 months follow-up. On all measures of
HRQoL the group receiving OPT reported a higher QoL compared with the ICD plus OPT group,

with statistically significant differences for the measures of perception of health transition (p=0.030),
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emotional role function (p=0.003), mental health (p=0.004), satisfaction with appearance (p=0.008)
and satisfaction with scar (p=0.040).% With 38.5% of people with an ICD plus OPT having received a
shock in the 6 months prior to completing the QoL instrument, the CABG Patch trial® assessed the
effects on QoL scores. On ten of the 12 measures the OPT group had a higher QoL than the ICDs plus
OPT group where the device either fired or did not fire.?? The scores for the ICD plus OPT group
where the device did not fire were similar to those of the OPT group with no statistically significant
differences (p not stated). In contrast for the ICD plus OPT group where the device did fire, the scores
showed a lower QoL, with statistically significant (p=0.05) differences for perception of health
transition, physical limitations, physical role functioning, emotional role functioning, mental health

and satisfaction with appearance.®

The SCD-Heft trial'® in people with heart failure reported QoL through a comparison of the Duke
Activity Status Index (DASI), Mental Health Inventory 5 (MHI-5), MLHFQ and the global health
status for ICD plus OPT, amiodarone plus OPT and the placebo plus OPT groups at baseline, three,
12 and 30 months follow-up. The effects on quality of life for those experiencing shocks with an ICD
plus OPT were compared with those not receiving a shock using the SF-36. When compared on DASI
at baseline, three, 12 and 30 months no clinical (four point difference) or statistically significant
difference was shown on median or mean scores.'®® On the MHI-5, outcomes were more equivocal.
Although the differences in the median and mean scores comparing ICDs plus OPT and amiodarone
plus OPT separately with placebo plus OPT were below clinically meaningful levels (i.e. five point

difference), some were statistically significant.’®

Comparison of the median scores showed that the
ICD plus OPT group had significantly better scores than the placebo plus OPT group (three months
p=0.01, 12 months p=0.003).2° By 30 months the scores for the ICD plus OPT group had declined to
baseline levels. Similarly the mean scores for the ICDs plus OPT group, differed significantly from
the placebo plus OPT group at three and 12 months (p<0.05)."®® Although the amiodarone plus OPT
group had a significantly higher MHI score at baseline than the placebo plus OPT group (p <0.05),

these differences disappeared during subsequent follow-up.*®

Similar improvements for the ICDs plus OPT group were reported on the MLHFQ in the SCD-Heft
trial,"® resulting in significantly better scores for the ICDs plus OPT group compared to the placebo
plus OPT group at three (p=0.006) and 30 (p=0.05) months.'®® However, these differences were
thought to be clinically insignificant (five point change).'® In contrast, a comparison using a time-
trade-off utility measure showed that the ICDs plus OPT and the placebo plus OPT group’s health
status declined from baseline with no statistically significant difference at 30 months follow-up
(p=0.18).109
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The effects of ICD shocks on quality of life were assessed using the SF-36."% A comparison of the
changes in scores for those who had received a shock within 1 month of a scheduled quality of life
assessment with those who had not received a shock, showed a significant decrease in the quality of
life of those who received a shock on their relative perceptions of general health (p=0.002), physical
function (p<0.001), emotional function (p=0.02), social function (p=0.009) and self-related health
(p=0.009)."%°
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Table 26: Quality of life outcomes

Study Outcome, follow-up Intervention, n/N (%) Comparator(s), n/N (%) 95% Cl , p
value
Cardiac arrest (secondary prevention)
AVID ™ 1 year follow-up (n=416) AAD (n=384)
SF-36 PCS score, mean (SD) - baseline 37.4 (10.9) 36.5 (11.2) 0.3
- 12 months 40 (10.5)% 38 (17)°
SF-36 MCS score, mean (SD) - baseline 45.9 (11.8) 47.5 (11.5) 0.006
- 12 months 49 (16.5)° 48 (17)°
Patient concerns checklist- baseline 15.9 (8.6) 16.2 (8.9) 0.06
- follow-up nr nr 0.1
QL index — baseline 22.1(4.9) 21.9 (5.0)
Impact of adverse symptoms on QoL"
- SF-36 PCS score -2.25 (-3.32, -1.18) p<0.001 -1.64 (-2.89, -0.41) p=0.009
- SF-36 MCS score -2.32 (-3.76, -0.88) p=0.002 -0.51 (-1.97, 0.94) p=0.5
- Patient concerns 1.84 (0.91, 2.76) p<0.001 0.91 (0.07, 1.75) p=0.03
Impact of ICD shocks on QoL
- SF-36 PCS score -1.45 (-2.74, -0.18) p=0.03
- SF-36 MCS score -1.82 (-3.56, -0.08) p=0.04
- Patient concerns 2.15 (1.07, 3.23) p<0.001
CIDS® (n=86) Amiodarone (n=92) Time by

group p value

Domains of Mental Health Inventory, mean (SD):
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Total index® - baseline 173.2 (25.5) 180.4 (27.8)

- 6 months 183.1 (30.2) 180.2 (31.1)

- 12 months 184.3 (27.9) 178.3 (28.7) 0.001
Psychological distress® - baseline 51.3 (14.1) 47.8 (16.5)

- 6 months 45.1 (17.6) 47.6 (18.3)

- 12 months 43.4 (15.9) 48.8 (16.8) 0.001
Psychological well-being® - baseline 58.5 (12.7) 62.2 (12.3)

- 6 months 62.2 (13.4) 61.8 (14.1)

- 12 months 61.7 (13.2) 61.3 (13.3) 0.03
Domains of Nottingham Health Profile, mean n=83 n=88

(SD)

Energy level’ - baseline 27.5(32.2) 24.4 (32.4)

- 6 months 18.6 (30.1) 27.8 (32.1)

- 12 months 17.7 (26.1) 36.8 (37.3) 0.0001
Physical mobility (n=84) n=90

- baseline 10.9 (12.0) 13.2 (20.5)

- 6 months 10.5 (13.7) 15.1 (19.2)

- 12 months 9.1 (13.6) 17.7 (19.2) 0.002
Social isolation® n=81 n=88

- baseline 8.5 (15.4) 9.9 (17.7)

- 6 months 9.8 (18.6) 12.2 (22.4)

- 12 months 8.5 (18.4) 11.1 (22.6) 0.9
Emotional reactions® n=76 n=86
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- baseline 17.3(18.1) 14.3 (20.1)

- 6 months 11.1(18.2) 15.3 (22.4)

- 12 months 8.3 (16.6) 14.5 (19.6) 0.002

Pain® n=83 n=90

- baseline 4.4 (7.9) 7.5 (15.1)

- 6 months 7.5(17.1) 6.3 (13.6)

- 12 months 4.5(9.9) 8.2 (15.4) 0.52

Sleep disturbance® n=78 n=88

- baseline 31.4 (27.4) 29.6 (31.5)

- 6 months 25.0 (29.7) 30.8 (31.0)

- 12 months 23.9 (29.4) 30.2 (32.4) 0.02

Life impairment” n=78 n=83

- baseline 2.0 (1.9 1.6 (1.7)

- 6 months 1.6 (1.8) 1.9 (1.9

- 12 months 1.6 (1.3) 1.8(1.9) 0.005

Effect of ICD shocks on HRQoL scores® 1CDs 1CDs 1CDs Amiodarone (n=95) Between
no shocks 1-4 shocks >5 shocks group p value
(n=66) (n=27) (n=15)

Domains of Mental Health Inventory, mean (SD)

Total index*

- baseline 175.9 (26.5) 171.7 (22.7) | 171.2 (32.0) | 177.9 (27.1)

- 12 months follow-up 186.2 (26.9)*" | 186.6 (21.7)*" | 168.8 (41.2) | 175.6 (29.2) 0.001

Within group P value 0.001 0.001 0.725
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Psychological distress®

- baseline 50.2 (15.2) 50.8 (12.3) 51.9 (18.1) | 49.8 (16.3)

- 12 months follow-up 425(15.3)%" | 41.4(11.7)%" | 52.7(25.2) |50.9 (17.5) 0.001
Within group P value 0.001 0.001 0.833

Psychological well-being®

- baseline 60.1 (12.5) 56.6 (11.6) 57.1 (15.0) | 61.7 (12.0)

- 12 months follow-up 62.8 (13.1) 62.1 (10.9)" 55.6 (16.8) | 60.6 (13.3) 0.02
Within group P value 0.074 0.004 0.642

Domains of Nottingham Health Profile, mean (SD)

Energy level’ n=64 n=27 n=15 n=90

- baseline 28.6 (32.5) 28.5 (30.5) 22.6 (34.2) | 24.3(30.8)

- 12 months follow-up 19.5(27.1)° | 24.8(33.4)° | 23.5(29.5) | 37.0(37.6) 0.003
Within group P value 0.02 0.115 0.859

Physical mobitity® n=65 n=27 n=15 n=93

- baseline 13.1 (15.0) 12.4 (10.2) 7.1(9.8) 13.18 (20.1)

- 12 months follow-up 9.3(12.4)° 155 (17.3) 8.0 (13.3) 17.2 (19.1) 0.02
Within group P value 0.05 0.638 0.747

Social isolation® n=66 n=27 n=15 n=92

- baseline 10.6 (16.7) 4.3(9.2) 8.9(16.1) |11.8(18.5)

- 12 months follow-up 8.8 (19.5) 6.4 (15.5) 12.8(23.9) | 12.5(23.0) 0.57
Within group P value 0.03 0.991 0.817

Emotional reactions® n=61 n=27 n=14 n=90

- baseline 16.2 (17.4) 16.3 (17.1) 216 (21.1) | 16.3 (19.8)
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- 12 months follow-up 7.1(14.6)°" 6.8 (10.2)° 22.0(31.0) | 15.9(20.3) 0.001
Within group P value 0.001 0.02 0.886
Pain® n=66 n=27 n=15 n=92
- baseline 6.8 (11.8) 4.0 (8.5) 5.3 (8.3) 8.5 (15.6)
- 12 months follow-up 6.4 (14.7) 5.4 (11.7) 5.5 (7.1) 7.7 (14.5) 0.71
Within group P value 0.086 0.710 0.721
Sleep disturbance® n=62 N=27 N=14 n=89
- baseline 30.0 (26.9) 36.3 (31.4) 27.3(27.1) | 30.4(30.5)
- 12 months follow-up 22.1(28.1) 29.1 (33.9) 34.6 (35.4) | 30.1(33.6) 0.3
Within group P value 0.002 0.042 0.680
Lifestyle impairment’ n=65 n=26 n=14 n=82
- baseline 2.0 (2.0) 2.4 (1.9) 2.2 (1.9) 1.7 (1.6)
- 12 months follow-up 1.3(15° 1.4(15)° 1.4 (1.6) 1.9 (1.9 0.03
Within group P value 0.061 0.033 0.334
Remote from Ml
MADIT [I*%® HU13 scores while alive, 36 months (n=658) (n=431)
Baseline mean 0.637 0.646
Baseline overall mean score including death® 0.637 0.646
Year 1, proportion alive 0.93 0.903
- Mean 0.627 0.659
- Mean annual change” -0.019 -0.012
- Overall mean score including death® 0.584 0.595
Year 2, proportion alive 0.846 0.792
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- Mean 0.622 0.667
- Mean annual change” -0.027' -0.011
- Overall mean score including death® 0.526 0.529
Year 3, proportion alive 0.767 0.667
- Mean 0.601 0.678
- Mean annual change” -0.019! -0.013
- Overall mean score including death® 0.461 0.452
Cardiomyopathy
AMIOVIRT" 1 year (n=51) Amiodarone plus OPT (n=
52)
Quality of Well Being Schedule, mean (SD) 74 (19) 70 (22) 0.5¢
State Trait Anxiety Inventory, mean (SD) 61 (17) 67 (20) 0.4%
DEFINITE®™ (n=227) (n= 226)
- Long-term MCS scores™® 0.89
- Long-term PCS scores™ ns
- Long-term MLHFQ subscale scores™ ns
CABG
CABG Patch® (6 months) (n=262) (n=228) p value'
HRQoL, mean (SD):
Perception of health
- general health status 54.8 (22.9) 58.3 (23.6) ns
- perception of health transition™ 2.4 (1.2) 2.1(1.2) 0.030
- physical limitations 41.7 (42.3) 49.2 (42.8) 0.055
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- bodily pain 57.4 (24.6) 58.8 (24.8) ns

Ability to Function

- employment status 0.25 (0.4) 0.29 (0.5) ns

- physical role functioning 58.3 (27.5) 61.8 (28.3) ns

- emotional role functioning 55.4 (43.4) 67.3(39.9) 0.003

- social functioning 70.5 (27.2) 70.8 (26.4) ns

Psychological well-being

- mental health 72.5(18.3) 77.2 (17.0) 0.004

- satisfaction with appearance 6.0 (1.3) 6.3(1.1) 0.008

- satisfaction with scar 7.0(1.2) 7.2 (1.1) 0.040

Received a shock prior to completing the 6-month | 101/262 (38.5%)

QoL instrument, n/N (%)

ICD device did not fire | ICD device fired OPT (n=228) OPT vs ICD

Health related quality of life at 6 months, mean (n=161) (n=101) fired (95%

(SD)® ch"

Perception of health

- general health status 56.6 (23.3) 52.1(22.1) 58.3 (23.6) ns

- perception of health transition' 23(1.2) 2.5(1.3) 2.1(1.2) (-0.73to -
0.01)°

- physical limitations 44.8 (42.9) 36.8 (41.1) 49.2 (42.8) (0.31t0 24.6)°

- bodily pain 57.8 (24.1) 56.8 (25.3) 58.8 (24.8) ns

Ability to Function

- employment status 0.30 (0.5) 0.18 (0.4) 0.29 (0.5) ns
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- physical role functioning 61.5 (27.5) 53.2 (27.0) 61.8 (28.3) (0.7 to 16.6)
- emotional role functioning 59.5 (43.4) 49.1 (42.8) 67.3 (39.9) (6.210 30.1)
- social functioning 71.6 (26.9) 68.8 (27.7) 70.8 (26.4) ns
Psychological well-being
- mental health 73.6 (43.4) 70.6 (18.5) 77.2 (17.0) (1.5t0 11.6)
- satisfaction with appearance 6.0 (1.3) 6.0 (1.4) 6.3(1.1) (-0.01t0 0.71)
- satisfaction with scar 7.0(1.2) 7.1(1.2) 7.2 (1.1) ns
Rate of re-hospitalisation prior to date of 6-month | 36.0% 55.5% 33.8%
QoL

Heart failure

SCD-Heft™ DASI, mean score (SD) (n=816) Amiodarone plus OPT (n= 830) Difference

Placebo plus OPT (n=833)

(95% CI)?, p

value

- baseline (n=814) 24.6 (13.6) (n=825) 25.3 (14.1) -0.34 (-1.68 to
(n=829) 24.9 (14.1) 1.00)
- 3 months (n=766) 26.9 (14.1) (n=756) 26.2 (14.7) -0.69 (-0.73 to
(n=768) 26.2 (14.3) 2.11)
(n=734) 26.8 (14.4) (n=676) 26.1 (14.5) 0.16 (-1.35 to
- 12 months (n=697) 26.6 (14.8) 1.68)
(n=665) 26.8 (14.3) (n=575) 27.1 (15.3) 0.89 (-0.75 to
- 30 months (n=585) 25.9 (15.3) 2.53)
MHI-5 ICDs plus OPT (n= 816) Amiodarone plus OPT (n= 830) Difference
Placebo plus OPT (n= 833) (95% CI),"
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- baseline (n=814) 71.7 (20.5) (n=827) 72.1 (20.1) 1.64 (-0.39to
(n=830) 70.0 (21.4) 3.67)

- 3 months (n=764) 74.4 (19.3) (n=759) 72.9 (20.6) 3.15(1.10to
(n=767) 71.3 (21.5) 5.19), <0.05

- 12 months (n=734) 74.5 (18.9) (n=674) 72.9 (20.5) 3.68 (1.58to
(n=693) 70.9 (21.5) 5.78), <0.05

- 30 months (n=654) 72.2 (19.1) (n=560) 73.2 (20.3) 1.24 (-1.06 to
(n=564) 71.0 (21.7) 3.53)

MLHFQ, median Placebo plus OPT p value

- baseline 41 43 0.77

- 3 months 30 36 0.006

- 12 months 32 36 0.07

- 30 months 32 36 0.05

Global health status, median Placebo plus OPT p value

- 3 months 75 70 0.002

- 12 months 75 70 0.05

- 30 months 70 70 0.18

(n=816) p value
Received shock No Shock

SF-36 score, mean change (n=49)

- general health perceptions -6.3 3.4 0.002

- physical function -8 10.9 <0.001

- emotional function -11 4.5 0.02
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- social function -5.3
- self-related health -3.2

4.6
6.6

0.009
0.009

Values in italics obtained from Figure in paper using Enguage software. ® Unit for outcome not given, assumed to be mean impact (change) in QoL score
with 95% CI. © Higher values represents better functioning. ® Higher values represents poorer functioning. ® Groups that differed significantly from
amiodarone without ICD group (P<0.05). " Groups that differed from the ICD >5 shocks group (p<0.05). ® Mean HRQoL score (among n patients) after
setting score for death to 0; " Equals (difference from baseline)/y. ' p<0.05; ! p<0.10;. * P values were also reported within groups (not data extracted). ' P-
values for QoL outcomes represent significance of t-tests comparing mean scores of control versus ICD patients. ™ Lower score reflects a tendency to rate
heath as better now relative to 1 year ago. For all other QoL measures higher scores represent a more favourable score. " 95% Cls control the experiment-
wise Type 1 error rate to be 0.5 using Tukey’s method . ° F test for analysis of variance (ANOVA) has p value of 0.0507. " F test for ANOVA has p value of
0.0549. Y I1CD vs placebo reported here. Amiodarone vs placebo can be viewed in data extraction forms (Appendix 8).
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4.2.2.11 Adverse Events

All four trials comparing the use of ICDs with AAD in people at increased risk of sudden cardiac
death due to previous ventricular arrhythmias reported adverse events (see Table 27)."%8%%
Reported adverse events differed between the trials, limiting comparisons. Only the total number of
adverse events and mortality rates were compared between the interventions in the DEBUT trial® and
the AVID” and CASH®® trials respectively. The DEBUT trial® reported that 30% of the ICDs group
and 14% of the AAD group suffered adverse events (p not stated). The AVID trial” compared deaths
within 30 days of initiation of therapy or by hospital discharge if 30 days after therapy began, finding
no statistically significant difference between the ICDs (2.4%) and AAD (3.5%) groups (p=0.27). In
contrast the CASH trial® found significantly (p=0.029) higher mortality rates during the perioperative
period for the ICDs group (5.1%) compared to the AAD group (1.1%). The only other comparison
between interventions was in the AVID trial,”
was higher for the AAD group at year 1 (10.0%) and 2 (16.0%) compared with that in the ICD group

(year 1 and 2 1.0%) (p not stated).

finding that the use of thyroid replacement medication

Analysis of the adverse events reported for the ICDs groups in the four trials showed that these tended
to be limited in occurrence (see Table 27).”%%%9! The most frequent were those related to the
placement and operation of the device itself, including: defibrillation discharges caused by
superventricular tachycardia or sinus tachycardia (19%);%* T-wave oversensing (8%);%* ICD product
discomfort (7.6%);%° ICD permanently or temporarily explanted due to infection, heart transplantation
or patient preference (5%);% device dysfunction (5%);® pocket erosion requiring removal of ICD
(3%);** dislodgement or migration of system leads (3%);%* ICD dislodgement/fracture (2.4%);*
bleeding requiring reoperation or transfusion (1.2%);"® and, unsuccessful first attempt at ICD
implantation without thoracotomy (1.0%)."® Other adverse events included: haematoma or seroma
(6%); serious haematoma (2.6%):"® pleural effusion (3%);%® infection (2.0% to 4.6%);"** and,
pneumothorax (1.6%).”

Adverse events reported for the AAD groups differed between the four trials (see Table 27).7388%%
The CIDs trial®® found that over 10% of people receiving amiodarone reported insomnia (19.3%),
ataxia (17.2%), tremor (15.4%), visual symptoms (14.5%) or photosensitivity (10.3%). Other adverse
events reported in the CIDs trial®® included skin discolouration (6.3%) and pulmonary infiltrate
(5.7%). In the CASH trial®® 10% of people receiving amiodarone (9.8%) or metoprolol (10.3%) had
to discontinue drug treatment. The AVID trial” reported that 5% of the AAD group had suspected
pulmonary toxicity at two years. Other adverse events reported by the AVID,” CASH®® and DEBUT®
trials affected under 5% of participants (see Table 27).
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All nine trials comparing ICDs plus OPT with the differing comparator treatments in people who had
not suffered a life-threatening arrhythmia but were at increased risk reported adverse

71,77,84;92;97,99;101;103;107
events,

with six trials focused predominantly on those related to the placement of
ICDs (see Table 27).74849297:99103 Tha tyne of adverse events reported differed between the trials,
making comparisons difficult. Adverse events were thought to affect between 5% and 61%’’ of
people receiving an ICD, depending on the definition of an adverse event or complication and the
period of follow-up. Only three trials reported adverse events for the different comparator treatments

with rates varying from 12% to 55%.”"**:17

Mortality rates associated with implantation of an ICD appeared low, with no deaths reported by four
trials®*"1**1% and crude death rates ranging from 1.6% to 5.4% in the IRIS®* and CABG-Patch’’
trials respectively. Deaths among those receiving the comparator treatments were only reported in the
CABG-Patch trial”” with a crude death rate for the OPT group of 4.4%.

Lead, electrode or defibrillator generator related problems were reported in five trials,24°%%910%:103
affecting between 1.8% and 14.0% of people. In the IRIS trial,” these led to surgical revision rates of
2.4%. Surgical or device related infections were reported in four trials affecting between 0.4% and
12.3% of people in the ICDs group,’” %% |eading in three trials to surgical intervention or device

removal/replacement in 0.7% to 495411

Other non-device specific adverse events were reported by four trials.”” %% |n the MADIT I’ and
SCD-Heft"" trials only syncope (5%) and hypothyroidism (6%) affected >5% of people in the

|77

comparator groups. The CABG-Patch trial’* reported adverse events in the post-operative period and

following long-term follow-up for both the ICDs plus OPT and OPT groups, focusing predominantly
on changes in underlying cardiac conditions. In the post-operative period the CABG-Patch trial”’
reported event rates >5% for the ICDs plus OPT and/or OPT groups for atrial fibrillation (ICDs plus
OPT 22.9%, OPT 20.7%), new or severe heart failure (ICDs plus OPT 15.7%, OPT 12.6%),
conduction defect (ICDs plus OPT 14.1%, OPT 14.5%), sustained ventricular tachycardia (ICDs plus
OPT 5.8%, OPT 6.8%), shock (ICDs plus OPT 9.2%, OPT 7.5%), pneumonia (ICDs plus OPT 8.5%,
OPT 4.0%) and renal failure (ICDs plus OPT 6.7%, OPT 4.8%).”” Events during long-term follow-up
that affected >5% of the ICDs plus OPT and/or OPT groups included new or worsening heart failure
(ICDs plus OPT 42.5%, OPT 42.5%), angina pectoris (ICDs plus OPT 27.0%, OPT 27.5%),
ventricular arrhythmias (ICDs plus OPT 19.4%, OPT 14.3%), and atrial fibrillation (ICDs plus OPT

14.7%, OPT 10.1%).
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Table 27: Adverse events

Study Outcome, follow-up ICD, n/N (%) OPT, n/N (%) P value
Cardiac arrest (secondary prevention)
AVID"” Non-fatal torsade-de-pointes ventricular tachycardia 1/509 (0.2)
Suspected pulmonary toxicity, % - at 1 year 3
- at 2 years 5
Death due to pulmonary toxicity 1/509 (0.2)
Thyroid replacement medication, % - at 1 year 1 10
- at 2 years 1 16
Death within 30 days of initiation of therapy® 12/507 (2.4) 18/509 (3.5) 0.27
Bleeding requiring reoperation or transfusion 6/507 (1.2)
Serious haematoma 13/507 (2.6)
Infection 10/507 (2.0)
Pneumothorax 8/507 (1.6)
Cardiac perforation 1/507 (0.2)
Early dislodgment or migration of leads 3/507 (0.6)
Unsuccessful first attempt at ICD implantation without 5/507 (1.0)
thoracotomy
Overall rate of nonfatal complications of implantation, % | 5.7

CASH®

Amiodarone| Meto-

prolol

- Drug related pulmonary toxicity

0/92 (0)

- Hyperthyroidism

3/92 (3.3)
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Study Outcome, follow-up ICD, n/N (%) OPT, n/N (%) P value
- Drug discontinuation required 9/92 (9.8) | 10/97
(10.3)
- Perioperative deaths, or for drug arms deaths within the | All ICDs 5/99 (5.1) AAD 2/189 (1.1) 0.029

same time frame

epicardial ICDs
3/99 (5.4)

endocardial ICDs
2/99 (4.5)

Amiodarone | Meto-
prolol
2192 (2.2) 0/0 (0)

Other complications - Infection

- Haematoma or seroma

- Pericardial effusion

- Pleural effusion

- Pneumothorax

- Dislodgement or migration of system leads

- Device dysfunction

3/99 (3.0) (explantation required for 2)

6/99 (6.1)
1/99 (1.0)
3/99 (3.0)
1/99 (1.0)
3/99 (3.0)
5/99 (5.1)

Overall complication rate

23.0% (including an explantation rate

of 2.1%)
CIDS* 30 day mortality in implanted patients (n=310)
- in patients with thoracotomy (n=33) 1/33 (3.0)
- in patients with non-thoracotomy lead system (n=277) 1/277 (0.4)
ICD permanently or temporarily explanted due to 16/310 (5.2)

infection, heart transplantation or patient preference
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Study Outcome, follow-up ICD, n/N (%) OPT, n/N (%) P value
Adverse experiences ever reported:
Pulmonary infiltrate 18/331 (5.7) (1.9% per

yn)

Visual symptoms (blurred, halo or decreased) 48/331 (14.5)
Bradycardia 10/331 (3.0)
Skin discolouration 21/331 (6.3)
Photosensitivity 34/331 (10.3)
Ataxia 97/331 (17.2)
Tremor 91/331 (15.4)
Insomnia 64/331 (19.3)
Peripheral neuropathy 1/331 (0.3)
ICD product discomfort 25/328 (7.6)
ICD malfunction 2/328 (0.6)
ICD pocket infection 15/328 (4.6) (1.4% per yr)
ICD dislodgement/fracture 8/328 (2.4)

DEBUT™ Operative mortality 0/0 (0)

- pilot study Adverse effects, n (%) 2/10 (20.0)
- defibrillation discharges caused by supraventricular 1/10 (10.0)
tachycardia

or sinus tachycardia

- T-wave oversensing 0/0 (0)
ICD replaced because of insulation break 1/10 (10.0)
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Study Outcome, follow-up ICD, n/N (%) OPT, n/N (%) P value
DEBUT™ Operative mortality 0/0 (0)
-main study Adverse effects, n (%) 11/37 (30) 4/29 (14)
Minor complications, corrected by reprogramming
devices without major intervention, n
- defibrillation discharges caused by supraventricular 7137 (19.0)
tachycardia or sinus tachycardia
- T-wave oversensing 3/37 (8.1)
Pocket erosion requiring removal of ICD 1/37 (2.7)
Side-effects in B-Blocker group: - Impotence / decrease in 1/29 (3.4)
libido
- Fatigue 1/29 (3.4)
- Profound bradycardia 1/29 (3.4)
- Hypotension plus central nervous system side effect 1/29 (3.4)
Early post Ml
DINAMIT?’ Number of death related to device implantation 0/310 (0)
In-hospital device-related complications 25/310 (8.1)
IRISY Died within 30 days after implantation 71415 (1.7) (n=4 M1, n=3 HF)
Died within 30 days of randomisation 9/415 (2.2) 11/453 (2.4)
Number of ICDs actually implanted 415 39 (median 7.6 months
after randomisation)
Inserted lead entangled in tricuspid valve, removed 1/415 (0.2)

surgically
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Study

Outcome, follow-up ICD, n/N (%) OPT, n/N (%) P value
ICD explanted or permanently deactivated during follow- | 14/415 (3.4)

up (median 6.8 months after implantation)

Clinically significant complications requiring 65/415 (15.7)

hospitalisation, surgical correction, or intravenous drug

administration

76 complications

- up to 30 days after implantation

19/415 (4.6)

- during follow-up

48/415 (11.6)

Lead related problems requiring surgical revision

(included in the above complications)

10/415 (2.4) (4 had lead replacements)

Remote from Ml

MADIT %

Operative deaths in the first 30 days 0/95 (0) 0/101 (0)
Hypotension 0/95 (0) 1/101 (1.0)
Syncope 1/95 (1.1) 5/101 (5.0)
Hypothyroidism 0/95 (0) 1/101 (1.0)
Sinus bradycardia 3/95 (3.2) 3/101 (3.0)
Pulmonary fibrosis 0/95 (0) 3/101 (3.0)
Pulmonary embolism 1/95 (1.1) 1/101 (1.0)
Atrial fibrillation 4/95 (4.2) 0/101 (0)
Pneumothorax 2/95 (2.1) 0/101 (0)
Bleeding 1/95 (1.1) 0/101 (0)
Venous thrombosis 1/95 (1.1) 0/101 (0)
Surgical infection 2/95 (2.1) 0/101 (0)
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Study Outcome, follow-up ICD, n/N (%) OPT, n/N (%) P value
Problems with defibrillator lead 7/95 (7.4) 0/101 (0)
Malfunction of defibrillator generator 3/95 (3.2) 2/101 (2.0)
Total number of patients with adverse events 19/95 (20.0) 12/101 (12.0)
MADIT [I'% Adverse effects of treatment, death during implantation, n | 0/742 (0)
Lead problems, n (%) 13/742 (1.8)
Non-fatal infections requiring surgical intervention, n (%) | 5/742 (0.7)
Cardiomyopathy
AMIOVIRT" Discontinued amiodarone due to adverse effects, mean 25/52 (48.1)
17.8 months (SD 13.3)
CAT™ Complications caused by ICD therapy
- deaths within 30 days of ICD implantation 0/50 (0)
- device dislocation & bleeding requiring revision 2/50 (4)
- electrode dislocation requiring revision 2/50 (4)
Complications in 24 months of follow-up 10 in 7 patients
- electrode dislocation & sensing/isolation defects 7/50 (14)
- infection with total device replacement 2/50 (4)
- perforation 1/50 (2)
DEFINITE® Complications during implantation of ICD 3/229 (1.3)
- hemothorax 1/229 (0.4)
- pneumothorax 1/229 (0.4)
- cardiac tamponade 1/229 (0.4)
Procedure related deaths 0/229 (0)
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Study Outcome, follow-up ICD, n/N (%) OPT, n/N (%) P value
Complications during follow-up 10/229 (4.4)
- lead dislodgement or fracture 6/229 (2.6)
- venous thrombosis 3/229 (1.3)
- infection 1/229 (0.4)
Receipt of ICD upgrade during follow-up 13/229 (5.7)
- dual chamber ICD due to development of sinus-node 2/229 (0.9)

dysfunction
- biventricular devices for NYHA class 11 or IV heart 11/229 (4.8)
failure and prolonged QRS interval

Scheduled for CABG

CABG Patch”’ Deaths in the first 30 days after randomisation 24446 (5.4) 20/454 (4.4) 0.60
Postoperative complications
- myocardial infarction 18"°/446 (4.0) 16 /454 (3.5)
- sustained ventricular tachycardia 26 /446 (5.8) 30"/454 (6.8)
- ventricular fibrillation 15°/446 (3.4) 24°/454 (5.3)
- bradycardia 13°/446 (2.9) 20"/454 (4.4)
- atrial fibrillation 102 °/446 (22.9) 94°/454 (20.7)
- shock 41°1446 (9.2) 34°/454 (7.5)
- new or more severe heart failure 70°/446 (15.7) 57°/454 (12.6)
- conduction defect 63°/446 (14.1) 66 "/454 (14.5)
- residual central nervous system deficit 16 °/446 (3.6) 9°/454 (2.0)
- bleeding treated with surgery 221446 (4.9) 14°/454 (3.1)
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Study Outcome, follow-up ICD, n/N (%) OPT, n/N (%) P value
- postpericardiotomy syndrome 4"1446 (0.9) 3%/454 (0.7)
- deep sternal-wound infection 12°/446 (2.7) 2°/454 (0.4) 0.01<p<0.05
- infection at wound or catheter site 55°/446 (12.3) 27"/454 (5.9) 0.01<p<0.05
- pneumonia 38"/446 (8.5) 18°/454 (4.0) 0.01<p<0.05
- other infection 28"/446 (6.3) 15°/454 (3.3)
- renal failure 30"/446 (6.7) 22"/454 (4.8)
Events during long-term follow-up
- angina pectoris 120°/446 (27.0) 125°/454 (27.5)
- myocardial infarction 2°/446 (0.5) 19°/454 (4.2) 0.01<p<0.05
- new or worsening heart failure 190 °/446 (42.5) 193°/454 (42.5)
- ventricular arrhythmias 87°/446 (19.4) 65°/454 (14.3)
- atrial fibrillation 66°/446 (14.7) 46°/454 (10.1)
- hospitalisation 274°1446 (61.4) 251"/454 (55.2)
- repeat CABG surgery 0/446 (0.0) 3%/454 (0.7)
- PTCA or atherectomy 13°/446 (2.9) 10°/454 (2.1)
- permanent cardiac pacemaker 13°/446 (2.9) 22°/454 (4.9)
ICD removed 40/446 (9.0)
- infection 19/446 (4.3)
- ICD reached end of service period and not replaced 5/446 (1.1)
- patient request 5/446 (1.1)
Heart Failure
SCD-Heft™”’ (n=829) Amiodarone plus OPT
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Study

Outcome, follow-up

ICD, n/N (%)

OPT, n/N (%)

P value

(n=845)
Placebo plus OPT (n=
847)

Implantation was unsuccessful, n 1/829 (0.1)

ICD removed during follow-up, n 32/829 (3.9)

Clinically significant ICD complications,®

- at time of implantation 5%

- later in the course of follow-up 9%

Increased tremor (amiodarone compared with placebo), at 4%
time of last follow-up

Increased hypothyroidism (amiodarone compared with 6%

placebo), at time of last follow-up

20r by the time of hospital discharge if discharge occurred later than 30 days after therapy began. ® Calculated from percentages by reviewer. ¢ Defined as

clinical events requiring surgical correction, hospitalisation, or new and otherwise unanticipated drug therapy.
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4.2.2.12 Subgroup analyses reported by included RCTs

Six trials reported pre-specified subgroup analyses,”®""9299105107 gthough it should be noted that the

trials were not powered to detect differences in subgroups.

The AVID trial” of people at increased risk of sudden cardiac death due to previous ventricular
arrhythmias, presented four pre-specified subgroup analyses for all-cause mortality in a figure (age,
LVEF, cause of arrhythmia and qualifying arrhythmia). No subgroup differed significantly from each
other or the overall population. For most of the subgroups the 95% Cls crossed 1.0, apart from those
for LVEF < 35%, cause of arrhythmia coronary artery disease and VF rhythm, which favoured ICD.
Subgroup analyses for the index arrhythmia were also reported (baseline VF n=455; VT n=561)."
ICDs improved survival free of arrhythmic death for people whose presenting arrhythmia was VT
(p=0.025) or VF (p=0.0019). For nonarrhythmic cardiac death, there were no statistically significant
differences in survival between ICD and AAD groups in people presenting with either VT (p=0.72) or
VF (p=0.98).

The IRIS trial,” which included people in the early period post MI, pre-specified 13 subgroup
analyses for all cause-mortality, nine of which were presented in a figure (age, gender, congestive
heart failure on admission, criterion of inclusion (for definitions see Appendix 8), ST-elevation Ml,
early reperfusion for ST-elevation MI, number of vessels, smoking and NYHA class at discharge) and
four of which were not presented but described as similar in the two study groups (diabetes,
hypertension, lipid abnormalities, number of risk factors). For most of the subgroups the 95% Cls
crossed 1.0, apart from those for thrombolytic therapy for early reperfusion of ST-elevation Ml

(favoured control, data in figure only) and left main artery (favoured ICD, data in figure only).

In people remote from their M1, the MADIT II trial*® reported pre-specified subgroup analyses for
all-cause mortality using baseline characteristics, five of which were presented in a figure only (age,
gender, ejection fraction, NYHA class or QRS interval) and seven of which were not presented
(hypertension, diabetes, left bundle-branch block, atrial fibrillation, the interval since the most recent
Ml, type of ICD, and blood urea nitrogen). The hazard ratios in all of the subgroups were similar, with

no statistically significant interactions.

The DEFINITE trial,”* which included people with cardiomyopathy, presented six pre-specified
subgroup analyses in a figure only (age, sex, LVEF, QRS interval, NHYA class and history of atrial
fibrillation) for all-cause mortality. None of the differences between subgroups were statistically

significant. For most of the subgroups the 95% Cls crossed 1.0, apart from those for men (RR 0.49,
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95% CI1 0.27 to 0.90, p=0.018), NYHA class 11l (RR 0.37, 95 % CI 0.15 to 0.90, p=0.02) and LVEF
>20% (favoured ICD, data in figure only).

The CABG Patch trial in people who were scheduled for a CABG'’ evaluated 10 pre-specified
subgroups (age, gender, heart failure, NYHA class, LVEF, diabetes mellitus, QRS complex duration,
use of ACE inhibitors, use of class | or class 111l antiarrhythmic drugs, and use of beta-adrenergic-
blocking drugs). Hazard ratios for the ICD group compared with the control group were found to be

similar among the subgroups for all-cause mortality (data not reported).

The SCD-HeFT trial in people with mild to moderate heart failure reported pre-specified subgroup

197 and cause of death™'® according to cause of congestive heart failure

analyses for all-cause mortality
(ischaemic or nonischaemic) and NYHA class (class I1 or 111), and also according to race'® for all-
cause mortality. Table 28 presents results for ICD versus placebo; subgroup results for the

comparisons of amiodarone versus placebo can be seen in Appendix 8.

There was no interaction of ICD therapy (p=0.68) with the cause of congestive heart failure for all-
cause mortality.’ The HRs for those with ischaemic and non-ischaemic congestive heart failure were
0.79 (97.5% CI 0.60 to 1.04, p=0.05) and 0.73 (97.5% CI 0.50 to 1.07, p=0.06), respectively.
Similarly, there was no significant interaction of ICD with the cause of congestive heart failure for
each of the specified modes of death™'
to be ventricular tachyarrhythmic was found for both ischaemic (HR 0.43, 95% CI 0.27 to 0.67) and

non-ischaemic (HR 0.34, 95% CI1 0.17 to 0.70) causes of congestive heart failure, whereas no

(Table 28). A significant reduction in sudden death presumed

significant reduction in other modes of death was found for either subgroup (Table 28).

There was a statistically significant interaction between ICD therapy and NYHA class (p<0.001).%
Compared with placebo, ICDs reduced the risk of death in people with NYHA class Il (HR 0.54,
97.5% Cl, 0.40 to 0.74, p<0.001), but not in those with NYHA class 11l (HR 1.16, 97.5% ClI, 0.84 to
1.61, p=0.30). The interaction between ICD therapy and NYHA class was statistically significant for
cardiac mortality (p=0.0004) and sudden death presumed to be ventricular tachyarrhythmic
(p=0.0091), but not for heart failure (p=0.29) or noncardiac (p=0.11) deaths.*® 1CD therapy reduced
the risk of cardiac mortality (HR 0.50, 95% CI 0.36 to 0.70) and sudden tachyarrhythmic death (HR
0.26, 95% CI 0.15 to 0.44) in people with NYHA class I, but not in those with NYHA class 11l (HR
1.17,95% CI1 0.84 to 1.64; and HR 0.73, 95% CI 0.41 to 1.29, respectively).

There was no significant interaction between ICD therapy and race (p=0.53); ICD therapy reduced the
risk of death in both racial groups (African Americans HR 0.65, 95% ClI, 0.43 to 0.99; whites HR 0.73
95% Cl, 0.58 to 0.90).'%
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Table 28: SCD-HeFTsubgroups

Subgroup and outcome

HR ICD vs placebo

(95% or 97.5%° Cl), p value

Ischemic CHF

All-cause mortality™®’

0.79 (0.60 to 1.04%), 0.05

Cause of death

- cardiac 0.80 (0.60 to 1.05)
- sudden tachyarrhythmic 0.43 (0.27 t0 0.67)
- heart failure 1.11 (0.74 t0 1.67)
- noncardiac 0.79 (0.50 to 1.22)

Non-ischaemic CHF

All-cause mortality™®’

0.73 (0.50 to 1.07%), 0.06

Cause of death™"

- cardiac 0.68 (0.44 t0 1.03)
- sudden tachyarrhythmic 0.34 (0.17 t0 0.70)
- heart failure 1.21 (0.67 t0 2.18)
- noncardiac 0.81 (0.48t0 1.37)
NYHA I

All-cause mortality'®’ 0.54 (0.40 to 0.74%), <0.001
Cause of death™"

- cardiac 0.50 (0.36 t0 0.70)
- sudden tachyarrhythmic 0.26 (0.15t0 0.44)
- heart failure 0.93 (0.56 to 1.54)
- noncardiac 0.63 (0.40 to 0.99)
NYHA 111

All-cause mortality™®’

1.16 (0.84 to 1.61%), 0.30

Cause of death™™®

- cardiac 1.17 (0.84 to 1.64)
- sudden tachyarrhythmic 0.73 (0.41to0 1.29)
- heart failure 1.34 (0.86 to 2.09)

- noncardiac

1.10 (0.66 to 1.85)

Race: African American

All-cause mortality™

0.65 (95% C1 0.43 t0 0.99)

Race: white

All-cause mortality ™

0.73 (95% C1 0.58 to 0.90)

897.5% CI. CHF = congestive heart failure.
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Combining data from the SCD-Heft'"" non-ischaemic congestive heart failure subgroup with data
from the three cardiomyopathy trials (AMIOVIRT,”* CAT,* DEFINITE®) was considered

appropriate by clinical experts. SCD-Heft"”’

did not report the number of events for all-cause
mortality occurring in each of the ischemic and non-ischemic subgroups, therefore these were
estimated by reviewers and data from the non-ischaemic subgroup were combined in a meta-analysis
(Figure 9). The SCD-Heft non-ischemic subgroup strongly influenced the analysis, and a statistically
significant effect in favour of ICD with no statistical heterogeneity was found (RR 0.74, 95% CI 0.58
t0 0.93, p=0.01). This in contrast to the non-significant result of meta-analysis of the three

cardiomyopathy trials alone (Figure 4).

Figure 9: All-cause mortality, cardiomyopathy RCTs and SCD-Heft nonischemic CHF subgroup

ity

4.2.3 Other relevant trials
Two trials (MUSTT,*’ 1999 and MAVERIC,**® 2004) were excluded as the intervention did not meet

the scope of the present review (many participants in the intervention arm did not receive ICD);
however, these trials presented subgroup data comparing ICD versus no ICD that may be considered
relevant. MUSTT and MAVERIC have not undergone formal data extraction and quality assessment

but are presented here for information.

MUSTT was included in the previous TARs,*** although the authors noted that it did not meet their
inclusion criteria if strictly applied (in that randomisation determined electrophysiological guided
therapy not ICD therapy). The authors also state that caution should be used when assessing the
results as the study did not randomise participants to drug therapy or ICD, and has the potential for

bias and confounding of results.®

The MUSTT study was designed to test the hypothesis that electrophysiological (EP) testing guided
anti-arrhythmic therapy reduces sudden cardiac death. People with sustained, monomorphic

ventricular tachycardia induced by any method of stimulation and those with sustained polymorphic
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ventricular tachycardia (including ventricular flutter and fibrillation) induced by one or two extra
stimuli were randomly assigned in equal numbers to receive either antiarrhythmic therapy guided by
the results of EP testing or no antiarrhythmic therapy. ICD could be recommended for people
randomised to EP testing after at least one unsuccessful drug test. Median follow-up was 39 months.
Beta-blocker use was significantly higher in the no-therapy group (EP testing 29%, no therapy 51%,
p=0.001).

All-cause mortality was significantly reduced in the ICD group compared with EP guided therapy
without a defibrillator, RR 0.42 (95% CI, 0.29 to 0.61; p<0.001) and compared with no therapy, RR
0.49 (95% ClI, 0.35 to 0.69; p<0.001).*" The overall mortality rates at five years were 24% among

patients who received a defibrillator and 55% among those who did not.

The risk of death from cardiac arrest or arrhythmia was significantly reduced in patients who received
an ICD compared with those with EP-guided therapy without a defibrillator, RR 0.24 (95% CI, 0.13
to 0.43; p < 0.001) and compared with patients with no therapy, RR 0.28 (95% CI, 0.16 to 0.49; p <
0.001).**

MAVERIC was in progress at the time of the previous TAR.®® The multi-centre UK study was
designed to test the possibility of prospectively identifying patients who would benefit most from ICD
by electrophysiology study (EP) in the context of secondary prevention of sudden cardiac death.
Survivors of sustained ventricular tachycardia, ventricular fibrillation or sudden cardiac death were
randomised to EP-guided interventions (anti-arrhythmic drugs, coronary revascularisation and ICD)
or empirical amiodarone therapy, with pre-stratification for haemodynamic status at index event.

Median follow-up was 60 months.

Subgroup analysis was presented for ICD recipients versus non-ICD recipients, regardless of allocated
treatment. As with the MUSTT trial, these results must be viewed with caution due to the lack of
randomisation and possibility of bias and confounding. An ICD was received by 31 of 108 (29%) of
patients randomised to EP [14/60 (23%) patients haemodynamically stable and 17/48 (35%) patients
haemodynamically unstable at index event] and 5 of 106 (5%) patients randomised to amiodarone
[4/62 (6%) patients haemodynamically stable and 1/44 (2%) patients haemodynamically unstable at
index event]. ICD recipients were significantly younger [62.7 years (SD 9.0) vs 68.1 years (SD 9.8),
p=0.002] and less likely to have diabetes (5.3% vs 18.8%, p=0.042) than non-ICD recipients; other

baseline characteristic were similar.

Survival was significantly better in ICD recipients than non-1CD recipients [HR 0.54 (0.30 to 0.97,
definition of interval not stated), p=0.0391]. Comparisons of ICD recipients versus non-ICD
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recipients were also presented separately for patients haemodynamically stable [HR 0.71 (0.29 to
1.75, definition of interval not stated), p=0.4537] and unstable [HR 0.42 (0.20 to 0.92, definition of

interval not stated), p=0.0299] at index event. Multivariate analysis on factors affecting survival found

ICD implantation was associated with a non-statistically significant reduction in risk of death [OR
0.43 (0.17 to 1.11, definition of interval not stated), p=0.080].

4.2.4 Summary of clinical effectiveness: people at risk of sudden cardiac death as a

result of ventricular arrhythmias

o Atotal of 13 RCTs were included comparing ICDs with medical therapy in people at risk of

sudden cardiac death due to arrhythmias. The trials were synthesised according to the criteria they

used to identify people at risk of sudden cardiac death.

¢ Risk of bias: as it was not possible to blind participants and personnel in these trials, they were

judged to have a high risk of performance bias. Trials were judged to have a low risk of detection

bias as assessment of mortality is unlikely to be influenced by lack of blinding, however the risk

of detection bias is high for QoL outcomes. Five trials were judged to have a low risk of selection

bias, but this was unclear in eight trials due to inadequate reporting.

Ventricular arrhythmia/cardiac arrest (secondary prevention)

Four RCTs compared the effectiveness of ICDs with AAD. Average length of follow-up
differed from 18 months to 57 months and sample sizes ranged from 66 to 1016. The
proportion of participants with congestive heart failure differed. In two trials 100% of
participants had congestive heart failure, with >80% in NYHA | and Il. In the other 2 trials
between approximately 60% and 90% had congestive heart failure with approximately 50% in
both trials in NYHA I and Il. LVEF also varied from 30% to 70% across all four studies.

All four RCTs assessed all-cause mortality as the primary outcome measure, which when
combined through meta-analysis was shown to be statistically significant (RR 0.75, 95% ClI,
0.61 to 0.93; p=0.01). Differences were found in the 4 RCTs on the outcome of sudden
cardiac/arrhythmic deaths, with statistically significant benefit for ICDs compared with AAD
when combined through meta-analysis (RR 0.49, 95% CI, 0.34 to 0.69; p<0.0001).
Meta-analysis of two trials showed statistically significant benefit for ICDs compared with
AAD on total cardiac deaths (RR 0.74, 95% CI, 0.61 to 0.91; p=0.004), however no
differences were found on non-arrhythmic cardiac deaths (RR 0.97, 95% Cl, 0.72 to 1.31;
p=0.83) or other non-cardiac causes of death (RR 0.79, 95% CI, 0.45 to 1.37; p=0.40). Two
RCTs reported different measures of survival, finding statistically significant benefit for ICDs
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compared with AAD on overall survival at 3 years (difference 11%, p<0.02), survival free of
cardiac death at 2 years (difference 4%, p=0.004), survival to arrhythmic death at 2 years
(difference 5%, p=0.0002) in one trial, and survival free of sudden death at 57 months (HR
0.423, p=0.005) in the other trial. One RCT found lower cumulative mortality annually over 3
years follow-up with ICD (difference year 1 14.5%, year 2 1.7%, year 3 4.1%).

Two RCTs assessed quality of life through separate sub-studies on a range of measures. On
one RCT there were no significant between group differences at follow-up. A second RCT
found that QoL improved significantly for ICDs on 3 domains of MHI and 5 domains on
NHP, while there were no changes for OPT. In this trial the QoL of those experiencing >5
ICD shocks did not differ significantly on MHI and NHP from the OPT group. The no shocks
and 1-4 shocks group had significant improvements on MHI and NHP compared with the
OPT group.

One trial reported prespecified subgroup analyses for all-cause mortality. The subgroups for
age, LVEF, cause of arrhythmia and qualifying arrhythmia did not differ significantly from

each other or the overall population for all-cause mortality.

People with a recent myocardial infarction (within 6 to 41 days, or 31 days or less)

Two RCTs compared ICD plus OPT with OPT. Length of follow-up ranged from an average
of 30 and 37 months and sample sizes from 674 to 898. About 60% of participants in both
trials were in NYHA class I, but the majority of the remaining participants had NYHA class
111 symptoms in one trial and NYHA class | symptoms in the other trial. Similarly, mean
LVEF differed between the studies (28% and 35%), reflecting different eligibility criteria.
Meta-analysis of the two trials found no difference in all-cause mortality (RR 1.04, 95% ClI,
0.86 to 1.25; p=0.69), total cardiac deaths (RR 0.97, 95% ClI, 0.79 to 1.20; p=0.8) or non-
cardiac deaths (RR 1.39, 95% CI, 0.86 to 2.27; p=0.18). People with ICD plus OPT had a
lower risk of sudden cardiac death (RR 0.45, 95% ClI, 0.31 to 0.64; p<0.0001), but a higher
risk of non-arrhythmic cardiac death (RR 1.77, 95% CI, 1.30 to 2.40; p=0.0002). One trial
reporting cumulative mortality found no statistically significant difference between groups.
QoL was not reported.

One trial reported pre-specified subgroup analyses for all cause-mortality. No significant
differences were found for the 13 pre-specified subgroups.

People with remote myocardial infarction (more than three weeks or one month previously)

Two RCTs compared ICD plus OPT with OPT, although the pharmacological therapy in one

of these may not be considered optimal by current standards. Average length of follow-up
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was between 27 and 20 months, and sample size was 196 and 1232. About two-thirds of
participants had NYHA class Il or 1l symptoms and one-third had NYHA class | symptoms.
Mean LVEF differed between the studies (about 26% and 23%), reflecting different eligibility
criteria.

Meta-analysis of the two trials found a reduction in all-cause mortality (RR 0.57, 95% ClI,
0.33t0 0.97; p=0.04), total cardiac deaths (RR 0.59, 95% ClI, 0.42 to 0.83; p=0.003) and
sudden cardiac death (RR 0.36, 95% CI, 0.23 to 0.55; p<0.00001) with ICD plus OPT
compared with OPT. There was no difference in non-arrhythmic cardiac death (RR 0.95, 95%
Cl, 0.41 to 2.18; p=0.9) or non-cardiac death (RR 1.06, 95% CI, 0.58 to 1.95; p=0.84)
between groups. One trial reporting hospitalisations found higher rates per 1000 months
follow-up among people with ICDs (11.3 vs 9.4, p=0.09), with higher heart failure
hospitalisations (19.9% vs 14.9%, p=nr).

In one trial that assessed QoL with HU13, scores were lower in people with ICD plus OPT
than with OPT at baseline. Differences were not statistically significant between groups at 3
years follow-up.

One trial reported pre-specified subgroup analyses for all-cause mortality. The hazard ratios

in all 12 of the subgroups were similar, with no statistically significant interactions.

People with non-ischemic or idiopathic dilated cardiomyopathy

Three RCTs compared ICD plus OPT versus OPT, or ICD plus OPT versus amiodarone plus
OPT. Mean follow-up was between 24 months (2 RCTs) to 29 months, and sample size was
103 to 458 participants. One trial enrolled people with recent onset of disease. Over half to
two-thirds of participants were in NYHA class Il; in one trial the remaining participants were
in NYHA class Il but in two trials around 15 to 21% were in NYHA class |. Mean LVEF
ranged between 21% to 25%.

Meta-analysis found no significant difference in all-cause mortality (RR 0.77, 95% Cl, 0.52 to
1.15; p=0.20), total cardiac deaths (RR 2.03, 95% CI, 0.17 to 23.62; p=0.57), non-arrhythmic
cardiac death (RR 1.13, 95% CI, 0.42 to 3.03; p=0.81) or non-cardiac death (RR 0.65, 95%
Cl, 0.13 to 3.29; p=0.60). However a reduction was found in sudden cardiac deaths (RR 0.26,
95% Cl, 0.09 to 0.77; p=0.02) with ICD.

Two trials reported no significant difference in survival.

Two trials reported no significant differences in QoL, assessed using the QWBS and STAI or
the SF-12 MCS and PCS, and MLHFQ.

One trial reported six pre-specified subgroup analyses for all-cause mortality. None of the
differences between subgroups were statistically significant.
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Meta-analysis of the three cardiomyopathy trials and the non-ischaemic congestive heart
failure subgroup of SCD-HeFT found a statistically significant reduction in all-cause
mortality (RR 0.74, 95% CI 0.58 to 0.93, p=0.01) with ICD.

People scheduled for CABG surgery

One trial compared ICD plus OPT versus OPT, although the pharmacological therapy would
not be considered optimal by current standards. Mean follow-up was 32 months and 900
participants were randomised. The majority of participants were in NYHA class Il or 111, and
mean LVEF was 27%.

No significant difference was found in all-cause mortality (RR 1.08, 95% CI, 0.85 to 1.38;
p=0.53), total cardiac deaths (HR 0.97, 95% CI, 0.71 to 1.33, p=0.84), non-arrhythmic
caddiac death (HR 1.24, 95% CI, 0.84 to 1.84; p=0.28), non-cardiac death (RR 1.50, 95% ClI,
0.82 to0 2.73; p=0.19) or actuarial mortality at 4 years follow-up (HR 1.07, 95% CI, 0.81 to
1.42; p=0.64). Rates of sudden cardiac death were lower with ICD, but this did not reach
statistical significance (HR 0.55, 95% CI, 0.29 to 1.03; p=0.06).

HRQoL was higher among people with OPT compared with ICD for all measures, and this
was statistically significant for some perception of health transition, emotional role function,
mental health, satisfaction with appearance and satisfaction with scar.

Hazard ratios for ICD compared with control for all-cause mortality were found to be similar

among ten pre-specified subgroups.

A broad population of people with mild to moderate heart failure

One three-arm trial compared ICD, amiodarone and placebo; all participants received OPT.
Mean follow-up was 46 months and 2521 participants were randomised. Over two-thirds of
participants were in NYHA class Il, with the remaining participants in NYHA class Ill. Mean
LVEF was 25%.

All-cause mortality was significantly lower with ICD plus OPT than placebo plus OPT (HR
0.77 (97.5% Cl, 0.62, 0.96; p=0.007). A significant reduction in total cardiac death (HR 0.76,
95% Cl, 0.60 to 0.95; p=0.018 ) and sudden cardiac death (compared with placebo and
amiodarone groups combined, RR 0.44, 95% Cl, 0.31 to 0.61; p<0.00001) in favour of ICD
was also found. There was no statistically significant difference in non-arrhythmic cardiac
death (RR 1.14, 95% CI, 0.88 to 1.48; p=0.32) or deaths from non-cardiac causes (RR 0.92,
95% Cl, 0.66 to 1.27; p=0.60) compared with placebo and amiodarone groups combined.
Little difference was found in QoL assessed by DASI. Statistically significant differences in
MHI score and global health status at 3 and 12 months were not maintained at 30 months, and
the difference in MHI score was not clinically meaningful. A significant decrease in
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perceptions of QoL was found using the SF-36 among people who had received an ICD shock
within the previous month compared with those who had not received a shock.

e There was no interaction of ICD therapy (p=0.68) with the cause of congestive heart failure
(ischaemic or non-ischaemic) for all-cause mortality or other specified modes of death. There
was a statistically significant interaction between ICD therapy and NYHA class: compared
with placebo, ICDs reduced the risk of all-cause mortality, cardiac mortality and sudden death
presumed to be ventricular tachyarrhythmic in people with NYHA class |1, but not in those
with NYHA class I1l. The interaction between ICD therapy and NYHA class was not
statistically significant for heart failure (p=0.29) or noncardiac (p=0.11) deaths.

Adverse events

o Adverse events were reported by all four RCTs of people with previous ventricular
arrhythmias. Up to 30% of the ICDs groups reported adverse events, with most related to
the placement and operation of the device. Rates for OPT appeared lower.

¢ The nine RCTS of people who had not suffered a life threating arrhythmia reported adverse
event rates between 5% and 61% of people with an ICD, depending on the definition of
adverse event and length of follow-up. Adverse event rates for the comparator treatment
were between 12% to 55% in the three RCTSs reporting this. Lead, electrode or defibrillator

generator related problems affected 1.8 to 14% of people in the five trials that reported it.
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4.3 People with heart failure as a result of LVSD and cardiac dyssynchrony

4.3.1 Quantity and quality of research available

Four RCTs comparing CRT-P and OPT in people with heart failure as a result of LVSD and cardiac
dyssynchrony despite receiving OPT, met the inclusion criteria."***?***" In addition, one of these
RCTs compared CRT-P and CRT-D with OPT (COMPANION"*).

Three of the trials reported their findings in more than one paper; a summary of the included papers
for each trial can be seen in Table 29. All of these studies were included in the 2007 CRT TAR,*
which also included CONTACT-CD.**® This trial is discussed in section 4.4.

Table 29: Included RCTs for people with heart failure

Trial Publication (Bold indicates primary or key publication)

CARE-HF Cleland et al. 2005," 2001,"* 2006,** 2007, 2009, Gras et al.
2007,% Gervais et al. 2009,"® Ghio et al. 2009

COMPANION Bristow et al. 2004,"® and 2000™* Carson et al. 2005, FDA report
2004, Anand et al. 2009,'%

MIRACLE Abraham et al. 2002,"* and 2000,"** FDA report 2001,"* Sutton et at.
2003'%°

MUSTIC Cazeau et al. 2001™

4.3.1.1 Characteristics of the included studies

Study characteristics are summarised in Table 30 and participant characteristics are summarised in

Table 31. Further details can be found in the data extraction forms in Appendix 9.

Intervention and comparators

In MIRACLE' and MUSTIC,**" all participants were implanted with a CRT-P device, and pacing
was inactivated in the control group. Participants in CARE-HF*** and COMPANION" received
either a device plus OPT or OPT only. Pharmacological therapy in all four trials would be considered

optimal by current standards.

Participants

The trials included people with NYHA class 111 or IV heart failure, with the majority of participants in
NYHA class 111 [82% (CARE-HF ) to 100% (MUSTIC?)]. All the trials included participants with
LVEF < 35%; average LVEF was about 22% in MIRACLE"* and COMPANION,"*® and 25% in
CARE-HF.'*
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The trials differed in their eligibility criteria for the QRS interval, with CARE-HF*** and
COMPANION™® requiring a QRS interval >120 ms, MIRACLE"® >130 ms and MUSTIC** >150ms.
This is reflected in the average QRS interval at baseline in these studies, with the longest average
QRS interval seen in MUSTIC (Table 31)."" Where reported, the proportion of participants with
ischemic heart disease ranged from 36% (CARE-HF '**) to 59% (COMPANION™).

The mean age of the participants in the studies was similar, ranging from around 64 years in
MIRACLE'® and MUSTIC' to 68 years in COMPANION® (see Table 31). The majority of
participants were men, equating to 73% and 74% in the CARE-HF trial arms,™* 67%, 67% and 69%
in the three COMPANION trial arms,**® 68% in both of the MIRACLE trial arms,'?* and 66% and
83% in both of the MUSTIC trial arms.*”’
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Table 30: Study characteristics

Parameter Study name
CARE-HF'!! COMPANION™® MIRACLE™*® MUSTIC™’
Study design RCT RCT RCT Randomised cross-over

Target population

NYHA Il or IV due to LVSD and cardiac
dyssynchrony

Advanced chronic heart
failure and intraventricular

conduction delays

Moderate to severe heart

failure

Severe heart failure and

major intraventricular delay

Intervention

CRT-P plus medical therapy

CRT-P or CRT-D and OPT

CRT-P- ON and OPT

CRT-P ON and OPT

Comparator Standard medical therapy OPT CRT-P OFF and OPT CRT-P OFF and OPT

Country (no. of Europe (82) (including France, Germany, USA (128) USA and Canada (45) Europe (15) (France.

centres) Italy, Switzerland and UK) Germany, Italy, Sweden,
Switzerland and UK)

Sample size 813 1520 453 58

(randomised)

Length of follow-up | Mean 29.4 months (mean 37.4 months Primary end-point, median 6 months 3 months

with 8 month extension)

11.9 to 15.7 months

Key inclusion HF for > 6 weeks Sinus rhythm Heart failure due to Severe HF due to idiopathic
criteria ischemic or non- or ischemic LVSD;
ischemic cardio- Sinus rhythm,
myopathy for > 1 month
- NYHA Class NYHA class Il or IV despite standard NYHA class 111, IV NYHA Il or IV NYHA class Il for> 1

pharmacological therapy

month whilst on OPT
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Parameter Study name
CARE-HF™ COMPANION™® MIRACLE™ MUSTIC™’
- LVEF LVEF <35% LVEF <35% LVEF <35% LVEF < 35%
-LVEDD LVEDD > 30 mm® LVEDD > 60mm LVEDD > 55 mm LVEDD >60 mm
- QRS interval, ms QRS interval > 120 ms° QRS > 120 ms QRS interval > 130 ms | QRS interval > 150 ms

- Other

Aortic pre-ejection delay > 140 ms;
Interventricular mechanical delay > 40 ms;

Delayed activation of posterolateral left

ventricular wall.

PR interval >150 ms

6-min walk distance
<450 m

No standard indication for a

pacemaker

% Indexed to height.” QRS interval of 120 to 149 ms: patients need to meet 2/3 additional criteria for dyssynchrony.
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Table 31: Key Participant characteristics

Parameter Study name
CARE-HF™ COMPANION™® MIRACLE™ MUSTIC™
CRT-P OPT CRT-P|[CRT-D |OPT |CRT-PON [ CRT-POFF | CRT-PON | CRT-P OFF
Sample size, n n= 409 n=404 n=617 | n=595 n=308 | n=228 n=225 n=29 n=29
Age, mean (SD) 67 (60-73)* | 66 (59-72)° | 67" 66° 68"° 63.9 (10.7) |64.7(11.2) |64 (11) 64 (8)
Sex, % male 74 73 67 67 69 68 68 66 83
Ischemic heart disease, % 40 36 54 55 59 50 58
Dilated cardio-myopathy, % 43 48
NYHA I, % 0 0 0 0 0 0 0 0 0
NYHA 11, % 0 0 0 0 0 0 0 0 0
NYHA 111, % 94 93 87 86 82 90 91 100 100
NYHA IV, % 6 7 13 14 18 10 9 0 0
LVEF %, mean (SD) 25° 25° 20° 22" 22" 21.8(6.3) |21.6(6.2)
QRS interval, ms, mean (SD) 160° 160° 160b | 160° 158" | 167 (21) 165 (20) 172 (22) 175 (19)
(152-180)* | (152-180)°
LBBB/RBBB, % 69/12 | 73/10 | 70/9
6-min walk test, m, mean 274° | 258° 244° | 305 291 354 (110) | 346 (111)
Peak VO,/kg, mL/kg™/min™, mean (SD) 14.0 13.7 135(8.4) | 14.1(4.6)
Heart rate, bpm, mean (SD) 69° 70° 72° 72° 72° 73 (13) 75 (13) 75 (12) 75 (14)

*Range. ° Median.
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Pharmacological therapy

OPT was used in all of the trials (see Table 32). At least 90% of all participants received ACE
inhibitors or angiotensin receptor blockers. Less than a third of participants used beta-blockers in the
MUSTIC study (28%),**" between 55-62 % in MIRACLE,'? between 66-68% in COMPANION,™®
and between 70-74% in CARE-HF."* Spironolactone use was not reported by the MIRACLE
study,"?® but varied from 22% in MUSTIC,"’ to between 53-55% in COMPANION,™" and 54-59% in
CARE-HF.'! Less than half of the participants in CARE-HF'!! used diuretics, which was around
94% in the other studies. Both CARE-HF'"! and MUSTIC' reported that less than half of the
participants used digoxin, while around a third of the participants in MUSTIC"’ used amiodarone. In

the MIRACLE trial,"* around three quarters of participants used digitalis medication.

Outcomes

Whilst all four trials reported all-cause mortality, it was not a primary outcome. The primary outcome
of two trials was a composite endpoint: all-cause mortality and all-cause hospitalisation in
COMPANION, **® and all-cause mortality and unplanned hospitalisation for a major cardiovascular
event in CARE-HF.'*! Composite outcomes can be seen in the data extraction forms (Appendix 9) but
have not been discussed in this report. The primary outcome of MIRACLE'* and MUSTIC*? was
distance walked in 6 minutes, changes in NYHA class and quality of life were also primary outcomes
in MUSTIC.*’

All four trials reported mortality due to sudden cardiac death. In addition, COMPANION** and

MUSTIC' reported total cardiac death, while both CARE-HF*'* and COMPANION™?® reported
death due to heart failure. Heart failure hospitalisation was reported by all four trials. CARE-HF,**
MIRACLE'* and MUSTIC" reported details on worsening heart failure, while arrhythmias were

reported by CARE-HF''* and MUSTIC.™" All trials except MUSTIC"’ reported change in NYHA
class, but only CARE-HF'* and MIRACLE'® reported changes in LVEF. HRQoL and adverse

events were reported by all trials.
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Table 32: Medication at baseline

Medication, % Study name
CARE-HF™*! COMPANION*™® MIRACLE™® MUSTIC
CRT-P OPT CRT-P CRT-D OPT CRT-PON | CRT-P OFF | CRT-P ON | CRT-P OFF
Sample size, n n= 409 n=404 n=617 n=595 n=308 n=228 n=225 n=672
Aldosterone antagonist | 54 59 583 55 55 22
(Spirololactone)
Amiodarone 31
ACE inhibitor 70 69 69
ACE inhibitor or 95 95 89 90 89 93 90 96
angiotensin blocker
Beta-blocker 70 74 68 68 66 62 55 28
Digitalis 78 79
Diuretic 94 94 93 94
Loop diuretic 43 44 94 97
Digoxin 40 45 48

8N=67 enrolled, n =58 randomised.
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Setting

All four studies were multicentre trials, ranging from 15 (MUSTIC *¥') to 128 (COMPANION™®)
centres. CARE-HF™" and MUSTIC"’ were undertaken in Europe, both including centres in the UK.
The COMPANION study™*® was undertaken in the USA, while MIRACLE"? had centres in the USA

and Canada.

The MUSTIC study™’ used a randomised crossover design, with 3 months follow-up for each of the

123 \vas 6 months. Mean

two cross-over periods. The length of follow-up for the MIRACLE study
length of follow-up in the CARE-HF study*'! was 29.4 months, plus an 8 months extension (total
mean follow-up 37.4 months). COMPANION" reported a median follow-up for the composite
endpoint of 11.9 months for OPT, 15.7 months for CRT-D and 16.2 months for CRT-P. Median
follow-up for mortality was also reported as 14.8 months for OPT, 16.0 CRT-D and 16.5 months for

CRT-P.

4.3.1.2 Risk of bias

Details of the risk of bias for each study can be found in the data extraction tables in Appendix 9, with

a summary in Table 33.

Due to lack of reported details on randomisation methods and allocation concealment methods, the
risk of selection bias for COMPANION,*®* MIRACLE?® and MUSTIC*" was unclear. Risk of

selection bias was low in CARE-HF.'!!

MIRACLE' appeared to be at low risk of performance and detection bias, with both patients and
physician unaware of treatment assignment (CRT-P on or off). MUSTIC**'was at high risk of
performance and detection bias, with only participants blinded to the treatment order (CRT-P on or
off). Both CARE-HF'*! and COMPANION,**® were unblinded trials, placing them at high risk of
performance bias. For detection bias, CARE-HF**! was judged to be at low risk of bias for the
composite endpoint of mortality and hospitalisation, using an end-points committee unaware of
treatment assignment. However, without blinding, the trial was at high risk of detection bias for
echocardiographic outcomes. The risk of detection bias for adverse events was unclear, with some
adverse events classified by the endpoints committee, but others by an unblinded independent expert.
The risk of detection bias in COMPANION was low, with a steering committee and endpoints

committee unaware of treatment assignment.

Both COMPANION™® and MUSTIC"*' were at low risk of attrition bias. MUSTIC"’ reported both

numbers and reasons for withdrawals, while COMPANION™® censored data in their ITT analysis for
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participants who withdrew and data could not be obtained. CARE-HF**! also reported ITT analyses
and was at low risk of bias for mortality, hospitalisation and echocardiographic outcomes. However,
the risk of bias for QoL and LV reverse remodelling was unclear due to unexplained differences in
numbers. The risk of attrition bias in the MIRACLE study® was unclear for both the primary and
secondary outcomes. While ITT analysis was used and attrition reported, the low numbers reported
for the primary outcome of NYHA class and differences in sample size between primary and
secondary outcomes were unexplained. Both CARE-HF*"* and COMPANION study*'® were at low
risk of selective reporting bias. Both studies have published protocol or rationale/design papers and
there was no evidence of missing outcomes. However, MIRACLE"® and MUSTIC**" were at high
risk of selective reporting bias. MIRACLE'? assessed change in NYHA class but failed to report the
data and MUSTIC™ included the SF-36 in the study protocol,"** but did not report the data.

There was an additional risk of bias in MUSTIC?" due to the use of block randomisation without

blinding. However, the use of the crossover design appears appropriate.
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Table 33: Risk of bias

Judgement? CARE-HF* COMPANION™® MIRACLE*® MUSTIC™

Selection bias

Random sequence generation Low Unclear Unclear Unclear

Allocation concealment Low Unclear Unclear Unclear

Performance bias

Blinding of participants and personnel | High High Low High

Detection bias

Blinding of outcome assessment Composite” - Low Low Low High
Secondary® — High or Unclear

Attrition bias

Incomplete outcome data addressed Composite” and Echocardiographic outcomes - Low | Low Unclear Low
LV remodelling outcomes - Unclear

Reporting bias

Selective reporting Low Low High High

Other bias

Other sources of bias Low Low Low High

“Low risk’, high risk’ or ‘unclear risk’ of bias. N/A, not applicable. ® Morality and hospitalisation. ¢ Echocardiographic outcomes — high risk, adverse events

—unclear risk.
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4.3.1.3 Methodological comments

Similarity of groups at baseline

The groups in the four studies were generally well balanced at baseline.

Sample size

All four of the included trials included a statistical power calculation. CARE-HF,"™* MIRACLE® and
MUSTIC' appeared to be adequately powered to detect a difference in the relevant primary outcome
measures. MUSTIC*? randomised 58 participants, MIRACLE"? randomised 453 participants and
CARE-HF randomised 813 participants. COMPANION™® was stopped early when pre-established
boundaries had been crossed, with 1520 participants randomised and 1000 primary end points already
or almost met. The trial was designed with 2200 participants to detect a reduction of 25% in the

primary endpoint.

Crossovers

By the end of the extension period in CARE-HF,''* 24% of participants in the OPT group had a CRT
device implanted and activated and 2% of participants in the CRT-P treatment arm received a CRT-D
device . MIRACLE"'? reported that 4% of participants crossed over from OPT to CRT-P, but
reported no details for the CRT-P treatment group. COMPANION'# reported that out of 78 cardiac
procedures in the OPT group, 33 (42%) were for CRT implants. In addition, COMPANION'?
reported that there were substantial withdrawals in the OPT group (26%) to receive commercially
available implants, whereas the withdrawal rate with CRT-P and CRT-D was 6% and 7%,

respectively. ITT analysis was performed in the trials.

Other issues
Studies differed in the timing of implantation, baseline evaluation and randomisation. Two studies

111

randomised participants prior to implantation. In the CARE-HF study— baseline measures were taken

prior to randomisation and implantation, while in the COMPANION study**®

randomisation was prior
to implantation, but baseline measures were taken one week after successful implantation. The
remaining two studies (MIRACLE"* and MUSTIC'¥") randomised participants after implantation. In
the MIRACLE study*?® baseline measures were taken before implantation and randomisation, while in
the MUSTIC study™’ baseline measures were taken after randomisation, which occurred two weeks
after implantation. Thus only those participants with a successful implantation underwent
randomisation in both studies, limiting the generalisability of these studies. These differences may

affect comparability between studies.
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MUSTIC' does not report all outcomes for both crossover periods. In addition, ten participants did
not complete the both crossover periods (including five who did not complete the first period). The
COMPANION trial*® had substantial withdraws from the OPT group (see Crossovers).

Funding
All four trials received funding grants from the device manufacturers, with three trials being funded

HLAZ127 and one by the Guidant corporation.™™® In addition, three of the trials,

by Medtronic
MIRACLE,'® MUSTIC,'* and CARE-HF*! reported conflicts of interests, as some/all authors were
consultants or investigators for, or employees of, the company providing the funding. Both CARE-
HF'* and COMPANION™"® stated that sponsors had no role in data analysis, while MIRACLE'?
stated that sponsors placed no restrictions or limitation on the investigators performing the data

analyses.

4.3.2 Assessment of effectiveness

4.3.2.1 All-cause mortality

All four studies reported all-cause mortality (see Table 34), although it was not the primary outcome

of the trials.

CRT-P vs OPT

CARE-HF" reported a statistically significant difference in all-cause mortality after a mean follow-
up of 37.4 months including an 8 months extension period (CRT-P 24.7% vs OPT 38.1%, HR 0.60,
95% CI1 0.47 to 0.77, p<0.0001). Mortality rates at year 3 were nearly 10% lower for CRT-P (23.6 %
vs 35.1% OPT), although no statistical comparison was reported. After completion of the CARE-HF
trial, long-term follow-up of people who survived and re-consented (343 of 813 originally enrolled)
found that the effect of CRT persisted (HR 0.77, 95% CI1 0.63 to 0.93, p=0.007), despite implantation
of CRT devices in more than 95% of those originally assigned to the control group (ITT analysis
undertaken, with participants remaining in their assigned group regardless of subsequent treatment).***
In contrast, MIRACLE*? found no statistically significant difference in all-cause mortality after 6
months follow-up (CRT-P 5.3% vs OPT 7.1%, HR 0.73, 95% CI 0.34 to 1.54, p=0.40), while the
difference in the 12 months rate from the COMPANION®2 trial did not reach statistical significance
(CRT-P 15% vs 19% OPT, HR 0.76, 95% CI 0.58 to 1.01, p=0.059). MUSTIC'?’ reported one death
in the first crossover period (1/29, 3.4%) and two in the second crossover period (2/29, 6.9%) of the
trial among those with CRT-P and none during the OPT period. No statistical comparison was

reported.
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The studies were considered sufficiently similar to combine in a meta-analysis (Figure 10). For meta-
analysis of the MUSTIC cross-over trial,**” all deaths in those with CRT-P or OPT from both cross-
over periods were included. This method provides a conservative analysis, with the study being
under-weighted rather than over-weighted.®’ There was evidence of moderate statistical heterogeneity
between the studies (Chi® 4.99, df=3, 1°’=40%). The risk ratio (RR) for CRT-P vs OPT for all-cause
mortality with the random effects method was 0.75 (95% ClI, 0.58 to 0.96; p=0.02) (see Figure 10).
Excluding the MUSTIC trial'®’ from the meta-analysis has little effect (RR 0.73, 95% ClI, 0.60 to 0.89
p=0.002).

CRT-D vs OPT
COMPANION"® found a statistically significant reduction in mortality with CRT-D at 12 months
(CRT-D 12% vs OPT 19%; HR 0.64, 95% CI 0.48 to 0.86; p=0.003), giving a reduction in risk of

36% for all-cause mortality.

CRT-P vs CRT-D

COMPANION"® included three treatment arms (CRT-P, CRT-D and OPT). All-cause mortality with
CRT-P (21%) vs CRT-D (18%) was not statistically significant (RR 1.20; 95% CI, 0.96 to 1.52;
p=0.12). However, all comparisons between CRT-P vs CRT-D should be treated with caution, as the

trial was not powered for this comparison.
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Table 34: All-cause mortality

Study Follow-up, months CRT-P, n/N (%) OPT, n/N (%) Effect 95% CI, p value
CARE- First 90 days of trial 12/409 (2.9) 15/404 (3.7)
HF' 29.4° 82/409 (20.0) 120/404 (29.7) HR 0.64 0.48 to 0.85, <0.002
37.4M% 101/409 (24.7) 154/404 (38.1) HR 0.60 0.47 t0 0.77, <0.0001
Mortality rate 1 year, % 9.7 12.6
Mortality rate 2 year, % 18 25.1
Mortality rate 3 year, % 23.6 35.1
MIRACLE™® 6 12/228 (5.3) 16/225 (7.1) HR 0.73 0.34 to 1.54, 0.40
MUSTIC™ 6 1% period: 1/29 (3.4°) 1% period: 0/29 (0) RR 7.00° 0.37 to 132.56, 0.19"
2" period: 2/29 (6.9°) 2" period: 0/29 (0)
COMPANION™® CRT-P 16.5, OPT 14.8° 131/617 (21.2) 77/308 (25.0)
12 months rate 93°/617 (15) 59 °/308 (19) HR 0.76 0.58 t0 1.01, 0.059
CRT-D, n/N (%) OPT, n/N (%)
CRT-D 16.0, OPT 14.8° 105/595 (17.6) 771308 (25.0) RR0.71° 0.54 t0 0.92, 0.009"
12 months rate 71°/595 (12) 59%/308 (19) HR 0.64 0.48 t0 0.86, 0.003
CRT-P n/N (%)CRT CRT-D, n/N (%)
CRT-P 16.5, CRT-D 16.0° 131/617 (21) 105/595 (18) RR 1.20° 0.96 to 1.52, 0.12"

2 Mean. ° Calculated by reviewer. ® Median.
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Figure 10: All-cause mortality CRT-P vs OPT

4.3.2.2 Total cardiac deaths
Both COMPANION** and MUSTIC reported total cardiac deaths.

CRT-P vs OPT

COMPANION? found no statistically significant difference between CRT-P and OPT (17.7% vs
18.8% respectively, p=0.334) in total cardiac deaths with a median follow-up of 16.5 months for
CRT-P and 14.8 months for OPT (RR 0.94, 95% CI, 0.70 to 1.25; p=0.66) (Table 35). The three
deaths that occurred in MUSTIC®’ were due to cardiac causes, with no significant differences
between treatment arms (CRT-P 5.2% vs 0% OPT, RR 7.00, 95% CI, 0.37 to 132.56, p=0.19).

CRT-D vs OPT

COMPANION" found that cardiac deaths were statistically significant lower with CRT-D compared
with OPT (12.8% vs 18.8% respectively, p=0.006), with a median follow-up of 16.0 months for CRT-
D and 14.8 months for OPT (RR 0.68, 95% CI, 0.50 to 0.93, p=0.02) (Table 35).

CRT-P vs CRT-D
Cardiac deaths in COMPANION"* were statistically significantly higher in those with CRT-P (RR
1.38; 95% CI, 1.06 to 1.81, p=0.02). However, all comparisons between CRT-P vs CRT-D should be

treated with caution, as the trial was not powered for this comparison.

157



Table 35: Total cardiac deaths

Study Follow-up, months CRT-P, n/N (%) OPT, n/N (%) Effect 95% CI, p value
MUSTIC™ 6 1% period: 1/29 (3.4%) 1* period 0/29 (0) RR 7.00* | 0.37 to 132.56, 0.19
2" period: 2/29 (6.9%) 2" period 0/29 (0)
COMPANION* CRT-P 16.5, OPT 14.8" 109/617 (17.7°) 58°/308 (18.8) RR 0.94* | 0.70 to 1.25, 0.66",
% of deaths 83.2 75.3 (0.334°)
CRT-D, n/N (%) OPT, n/N (%)
CRT-D 16.0, OPT 14.8" 76/595 (12.8) 58%/308 (18.8) RR0.68* | 0.50 to 0.93, 0.02°
% of deaths 72.4 75.3 (0.006°%)
CRT-P, n/N (%) CRT-D, n/N (%)
CRT-P 16.5, CRT-D 16.0° 109/617 (17.7°) 76/595 (12.8) RR 1.38* | 1.061t01.81, 0.02°
% of deaths 83.2 72.4

# Calculated by reviewer.

reported by trial.
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4.3.2.3 Heart failure deaths
Both the CARE-HF trial''* and the COMPANION*** reported mortality due to HF.

CRT-P vs OPT

CARE-HF" found that mortality attributed to worsening heart failure was statistically significantly
lower with CRT-P compared with OPT (around 9% vs 16% respectively), with a risk reduction of
45% (HR 0.55, 95% ClI, 0.37 to 0.82, p=0.003) at 37.4 months mean follow-up. The risk of heart
failure was reported to be 3.0% per annum for those with CRT-P compared with 5.1% per annum for
those with OPT. COMPANION'# found no statistically significant differences between those with
CRT-P and OPT (8.6% vs 11.0% respectively; HR 0.71, 95% ClI, 0.46 to 1.09, p=0.112) at 16.5
months follow-up for those with CRT-P and 14.8 months for those with OPT (see Table 36).

The studies were considered sufficiently similar to combine in a meta-analysis. There was no
evidence of statistical heterogeneity between the studies (Chi? 0.99, df=1, 1°=0%). The random
effects risk ratio for HF deaths with CRT-P vs OPT was 0.67 (95% CI, 0.51 to 0.88; p=0.004) (see
Figure 11).

CRT-D vs OPT

COMPANION"* found no statistically significant differences in heart failure deaths between CRT-D
(8.7%) and OPT (11.0%), with a HR of 0.73 (95% CI, 0.47 to 1.11; p=0.143) at 16.0 months follow-
up for those with CRT-D and 14.8 months for those with OPT (see Table 36).

CRT-P vs CRT-D

Heart failure deaths with CRT-P and with CRT-D in COMPANION"?* were similar (8.6% vs 8.7%
respectively); RR 0.98 (95% ClI, 0.68 to 1.42; p=0.93).
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Table 36: Heart failure deaths

Study Mean follow-up, months CRT-P, n/N (%) OPT, n/N (%) Effect 95% CI, p value
CARE-HF™ 29.4 33/409 (8.1) 56/404 (13.9) RR 0.58 0.39 to 0.87, 0.009
37.4 (with extension)™ 38/409 (8.8) 64/404 (15.8) HR 0.55 0.37 t0 0.82, 0.003
Per annum 3.0% 5.1%
COMPANION™ CRT-P 16.5, OPT 14.8 53/617 (8.6) 34/308 (11.0) HR 0.71 0.46 t0 1.09, 0.112
% of deaths 40.5 44.2
CRT-D, n/N (%) OPT, n/N (%)
CRT-D 16.0, OPT 14.8° 52/595 (8.7) 34/308 (11.0) HR 0.73 0.47t01.11, 0.143
% of deaths 49.5 44.2
CRT-P, n/N (%) CRT-D, n/N (%)
CRT-P 16.5, CRT-D 16.0° 53/617 (8.6) 52/595 (8.7) RR 0.98" 0.68 to 1.42, 0.93"
% of deaths 40.5 49.5

*Median. ° Calculated by reviewer.
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Figure 11: Heart failure deaths CRT-P vs OPT

4.3.2.4 Sudden cardiac death

All trials reported sudden cardiac death, although there were uncertainties with the MIRACLE trial

data.’®

CRT-P vs OPT

CARE-HF™ found sudden cardiac deaths to be statistically significantly lower with CRT-P than with
OPT (7.8% vs 13.4% respectively; HR 0.54, 95% CI, 0.35 to 0.84; p=0.005) at 37.4 months mean
follow-up. The proportion of sudden deaths per year was reported to be 2.5% for those with CRT-P
compared to 4.3% for those with OPT. There were two reported sudden deaths in the MUSTIC

trial %

one (1/29, 3.4%) in the first crossover period (after 26 days of active pacing) and one (1/29,
3.4%) in the second crossover period (two hours after switching from inactive to active pacing). No
statistical comparison was reported. CRT-P failed to reduce the risk of sudden death in the
COMPANION trial,*?* with more sudden deaths in those with CRT-P than those with OPT (7.8% vs
5.8% respectively; HR 1.21, 95% CI, 0.70 to 2.07; p=0.485) at 16.5 months follow-up for those with
CRT-P and 14.8 months for those with OPT. The study also reported the proportion of deaths due to

sudden cardiac death as 36.6% for those with CRT-P and 23.4% for those with OPT (see Table 37).

Meta-analysis of the three trials found evidence of substantial statistical heterogeneity between the
studies (Chi? 7.22, df=2, I2:72%). Differences in sudden cardiac death between CRT-P and OPT
were not statistically significant, with a random effects risk ratio of 0.97 (95% Cl, 0.44 to 2.14;
p=0.94) (Figure 12).

The FDA report*? associated with MIRACLE reported SCD (CRT-P n=7, OPT n=>5) at 9 months

follow-up (the main publication reported outcomes at 6 months*?®

), however the numbers in each arm
were not reported and the total sample size in the FDA report (n=536) differed from the number
randomised in the main publication (n=453).'% If the sample size in each arm is assumed to be the

same as the main publication, the RR for the trial is 1.38, 95% CI 0.45 to 4.29. Combining the data in
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the meta-analysis with CARE-HF, COMPANION and MUSTIC gives an overall of RR 1.02 (95% ClI
0.54t0 1.94).

CRT-D vs OPT

COMPANION? found sudden cardiac deaths to be statistically significantly lower in those with
CRT-D compared with those with OPT (2.9% vs 5.8% respectively), with a HR of 0.44 (95% ClI, 0.23
to 0.86; p=0.020) at 16.0 months follow-up for those with CRT-D and 14.8 months for those with
OPT.

CRT-P vs CRT-D

Sudden cardiac deaths were statistically significantly higher in those with CRT-P compared with
those with CRT-D in COMPANION'* (7.8% vs 2.9% respectively; RR 2.72, 95% Cl, 1.58 to 4.68;
p=0.0003). However, all comparisons between CRT-P vs CRT-D should be treated with caution, as

the trial was not powered for this comparison.

Figure 12: Sudden cardiac death CRT-P vs OPT

ETEsE

4.3.2.5 Other causes of death

COMPANION? found no statistically significant differences between those with CRT-P and those
with OPT for non-cardiac deaths (p=0.122) or between those with CRT-D and those with OPT
(p=0.717). Vascular, non-cardiac and unknown deaths appear to be similar between those with CRT-
P and those with CRT-D (see Table 38).

162



Table 37: Sudden cardiac death

Study Follow-up, months CRT-P, n/N (%) OPT, n/N (%) Effect 95% CI, p value
CARE-HF™ 29.4° 29/409 (7.1) 38/404 (9.4) RR0.75° |0.47101.20,0.23
37.4'% 32/409 (7.8) 54/404 (13.4) HR 0.54 0.35 to 0.84, 0.005
Per annum 2.5% 4.3%
MUSTIC™ 6 1% crossover: 1/29 (3.4") 1* crossover: 0/29 (0) RR5.00° [ 0.25t099.82,0.29°
2" crossover:1/29 (3.4") 2" crossover: 0/29 (0)
COMPANION™ CRT-P 16.5, OPT 14.8° 48/617 (7.8) 18/308 (5.8) HR 1.21 0.70 to 2.07, 0.485
% of deaths 36.6 23.4
CRT-D, n/N (%) OPT, n/N (%)
CRT-D 16.0, OPT 14.8° 17/595 (2.9) 18/308 (5.8) HR 0.44 0.23t0 0.86, 0.020
% of deaths 16.2 23.4
CRT-P, n/N (%) CRT-D, n/N (%)
CRT-P 16.5, CTR-D 16.0° | 48/617 (7.8) 17/595 (2.9) RR2.72° | 1.581t04.68,0.0003
% of deaths 36.6 16.2

® Mean. ° Calculated by reviewer. ¢ Median.
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Table 38: Other causes of death

Study

Median follow-up, months

CRT-P, n/N (%)

OPT, n/N (%)

Effect

95% ClI, p value

COMPANION™

Vascular, CRT-P 16.5, OPT 14.8 5/617 (0.8) 0
% of deaths 3.8
Non-cardiac 14/617 (2.3) 11/308 (3.6) 0.122
% of deaths 10.7 14.3
Unknown 31617 (0.5) 8 /308 (2.6)
% of deaths 2.3 10.4
CRT-D, n/N (%) OPT, n/N (%)
Vascular, CRT-D 16.0, OPT 14.8 3/595 (0.5) 0
% of deaths 2.8
Non-cardiac 21/595 (2.3) 11/308 (3.6) 0.717
% of deaths 10.7 14.3
Unknown 5/595 (0.8) 8/308 (2.6)
% of deaths 4.8 10.4
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4.3.2.6  Hospitalisations due to heart failure

All four trials reported hospitalisations due to heart failure. Additional hospitalisation outcomes
reported by the trials, including cardiac and non-cardiac hospitalisations, are summarised in Appendix
7.

Number of people hospitalised due to heart failure

CRT-P vs OPT

CARE-HF'" found that fewer people were hospitalised due to heart failure with CRT-P (17.9% vs
32.9% OPT; HR 0.48, 95% CI, 0.36 to 0.64; p<0.001) at 29.4 months mean follow-up, as did
MIRACLE? at 6 months follow-up (7.9% CRT-P vs 15.1% OPT; HR 0.50, 95% CI, 0.28 to 0.88;
p=0.02) and COMPANION™® at 16.2 months follow-up for CRT-P and 11.9 months for OPT (29%
CRT-P vs 36% OPT; RR 0.80, 95% CI, 0.66 to 0.97; p=0.02) (see Table 39). In the MUSTIC trial,**’
hospitalisations related to decompensated heart failure were lower in those with CRT-P (10.3% vs
31.0% OPT), but failed to reach statistical significance (RR 0.33, 95% CI, 0.10 to 1.11; p<0.07).

The trials were combined in meta-analysis, however, MUSTICY reported data for the first crossover
period only. There was evidence of substantial statistical heterogeneity between the studies (Chi?
8.50, df=3, I2=65%), but the direction of effect is consistent. The risk ratio of hospitalisation due to
heart failure for CRT-P vs OPT was 0.61 (95% ClI, 0.44 to 0.83; p=0.002) , giving a relative risk
reduction for hospitalisation related to heart failure with CRT-P of 39% (see Figure 13).

CRT-D vs OPT

There were significantly fewer people admitted to hospital due to heart failure with CRT-D compared
with OPT in COMPANION,**(28% vs 36% respectively) with a RR of 0.77 (95% CI, 0.63 to 0.93;
p=0.008) at a median follow-up of 15.7 months for those with CTR-D and 11.9 months for those with
OPT.

CRT-P vs CRT-D
COMPANION® states that no significant differences were found in any of the endpoints for those
with CRT-P vs those with CRT-D, and results for the proportion of people hospitalised at least once

with heart failure were similar (28% vs 29% respectively).

165



Table 39: Hospitalisations related to heart failure: number of people

Study Outcome; follow-up, months CRT-P, n/N (%) | OPT, n/N (%) | Effect 95% ClI, p value
CARE-HF™ Unplanned hospitalisation with worsening heart failure, 29.4 72/409 (17.9) 133/404 (32.9) | HR 0.48 | 0.36 to 0.64, <0.001
MIRACLE™ Hospitalisation for worsening heart failure, 6 18/228 (7.9) 34/225 (15.1) | HR 0.50 | 0.28 to 0.88, 0.02
MUSTIC™ Hospital admission because of decompensated heart failure; 3° | 3/29 (10.3) 9/29 (31.0) RR 0.33%] 0.10 to 1.11,
RR 0.07%°
COMPANION™® | Hospitalised >1 with heart failure; CRT-P 16.2, OPT 11.9° 179/617 (29) 112/308 (36) | RR 0.807 | 0.66 to 0.97, 0.02°
CRT-D, n/N (%) | OPT, n/N (%)
Hospitalised >1 with heart failure; CRT-D 15.7, OPT 11.9° 166/595 (28) 112/308 (36) | RR0.77°| 0.63 to 0.93, 0.008°

* Mean. ° Data reported for 1% crossover period only. ¢ Estimated by the reviewer. ¢ Median. ® Calculated by reviewer. COMPANION™

states that no

significant difference were found in any of the end-points for CRT-P vs CRT-D (no p values reported). ° Analyses reported by paper, p<0.05.'*'
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Figure 13: Number of people hospitalised due to heart failure, CRT-P vs OPT

Number of events of heart failure hospitalisations

CARE-HF,'** COMPANION# and MIRACLE"® reported events and/or number of days of
hospitalisations due to heart failure. CARE-HF'!! reported the number unplanned hospitalisation of
patients worsening heart failure. COMPANION'# reported the number of admissions, the percentage
of total admissions and the number of average admission per patient year of follow-up, while

MIRACLE' reported the total number of days hospitalised due to heart failure.

CRT-P vs OPT

In CARE-HF,™ the 72 participants in the CRT-P group (n=409) who were hospitalised with
worsening heart failure had a total of 122 hospitalisations, compared with a total of 252
hospitalisations for 133 patients in the OPT group (n=404). In COMPANION,'# 33% of total
admissions were due to the heart failure among patients with CRT-P compared with 46% of total
admissions among patients with OPT at a median 16.2 months follow-up for those with CRT-P and
11.9 months for those with OPT. The number of average admissions per patient year of follow up was
also lower with CRT-P (0.41 vs 0.73 OPT). The average length of stay per admission was similar
between the treatment groups (CRT-P 8.6 vs 8.2 days OPT). Similarly, MIRACLE"? found that the
total number of days hospitalised due to heart failure was lower with CRT-P compared with OPT (83
vs 363 days respectively) at 6 months follow-up, but no statistical comparison was reported. However,

hospitalisation occurred twice as often in those with OPT (50 vs 25 events CRT-P).

The rate of events was calculated (no. of events/N*follow-up) for each trial and combined in a meta-
analysis using the inverse variance method. Although statistical heterogeneity was present (Chi?
28.27, df 3, p<0.00001), the direction of the effect was fairly consistent (Figure 14). A significant
reduction in the rate of heart failure hospitalisations was found with CRT-P (RR 0.58, 95% CI 0.35 to
0.96, p=0.03).
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CRT-D vs OPT

In COMPANION,*? the proportion of total admissions was lower with CRT-D (36% vs 46%) at a
median 15.7 months follow-up for those with CRT-P and 11.9 months for those with OPT. The
number of average admissions per patient year of follow-up was lower in those with CRT-D (0.43 vs
0.73 OPT). The average length of stay per admission was similar for both treatment groups (CRT-D
8.8 vs 8.2 OPT).

CRT-P vs CRT-D

COMPANION'* stated that there were no significant differences between those with CRT-P vs those
with CRT-D in any of the hospitalisation endpoints and results for the proportion of admissions that
were related to heart failure were similar (33% vs 36% respectively). This was reflected in both the
number of average admissions per patient year of follow-up (CRT-P 0.41 vs 0.43 CRT-D) and the
average length of stay per admission (CRT-P 8.6 vs 8.8 CRT-D) (see Table 40).

Figure 14 Number of hospitalisations due to heart failure, CRT-P vs OPT
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Table 40: Hospitalisations related to heart failure: number of events and/or days of admission

Study Outcome; follow-up, months CRT-P OPT Effect | 95% Cl,
p value
CARE-HF™ Hospitalisation events, 29.4 122 252
MIRACLE™ Total number of days ; 6 83 363
Number of hospitalisations 25 50
COMPANION™* | Number of admissions, (% of total admissions); CRT-P 16.2, OPT 11.9" 329 (33) 235 (46)
Number of average admissions per patient year of follow-up 0.41 0.73

Average days per patient year of follow-up (average length of stay per admission) | 3.6 (8.6) 5.9(8.2)
CRT-D OPT
Number of admissions , (% of total admissions); CRT-D 15.7, OPT 11.9" 333 (36) 235 (46)

Number of average admissions per patient year of follow-up 0.43 0.73

Average days per patient year of follow-up (average length of stay per admission) | 3.8 (8.8) 59(8.2)

® Mean " Median. COMPANION™® states that no significant difference were found in any of the hospitalisation end-points for CRT-P vs CRT-D (no p values
reported).
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4.3.2.7 Arrhythmias
CARE-HF trial**! reported atrial arrhythmias or ectopy, while MUSTIC trial'*’ reported

decompensation due to persistent atrial fibrillation. Due to the different outcome measures of the two

trials, data were not pooled. No comparisons of CRT-D vs OPT or CRT-P vs CRT-D were reported.

CRT-P vs OPT

In CARE-HF,™ the risk of arrhythmias or ectopy was significantly higher with CRT-P compared
with OPT (15.6% vs 10.1% respectively; RR 1.54, 95% ClI, 1.07 to 2.23, p=0.02). One reported case
of decompensation due to persistent atrial fibrillation occurred in the OPT treatment group during the
second crossover period of the MUSTIC trial**’ (RR 0.33, 95% Cl, 0.01 to 8.02, p=0.50) (see Table
41).

4.3.2.8 Worsening heart failure

Three of the trials reported data on worsening heart failure (not defined by NYHA class), but outcome

definitions differed.

CRT-P vs OPT

In CARE-HF,™ fewer people with CRT-P experienced worsening heart failure than with OPT
(46.7% vs 64.9% OPT; RR 0.72, 95% ClI, 0.63 to 0.82, p<0.001). In MIRACLE,® heart failure
requiring IV diuretics (5.7% s 10.7% OPT; HR 0.51, 95% ClI, 0.26 to 1.00, p=0.05), vasodilators or
positive intropic agents (CRT-P 2.6% vs OPT 6.2%; HR 0.41, 95% ClI, 0.16 to 1.08, p=0.06) and
medication for heart failure (CRT-P 7.0% vs OPT 15.6; HR 0.43, 95% ClI, 0.24 to 0.77, p=0.004)
were lower in those with CRT-P than OPT (see Table 42). MUSTIC'’ reported one case of severe
decompensation in the CRT-P OFF group, leading to a premature switch to active pacing (RR 0.33,
95% ClI, 0.01 to 8.02, 0.50). Despite the differing definitions used by the trials, the risk of worsening
heart failure was reduced with CRT-P when the trials were combined in a meta-analysis (RR 0.71,
95% CI1 0.63 to 0.80, p<0.00001) (Figure 15). No significant statistical heterogeneity was observed.
Figure 15 Worsening heart failure, CRT-P vs OPT
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Table 41: Arrhythmias

Study Outcome; follow-up, months CRT-P, n/N (%) | OPT, n/N (%) Effect 95% CI, p value
CARE-HF™ Atrial arrhythmias or ectopy, 29.4° 64/409 (15.6) 41/404 (10.1) RR 1.54° 1.07 t0 2.23, 0.02°
MUSTIC™ Decompensation due to persistent atrial 1*" period: 0/29 1* period: 1/29 (3.4) RR 0.33° 0.01 to 8.02, 0.50°
fibrillation, 6 months 2" period: 0/29 | 2™ period: 0/29
*Mean. " Calculated by reviewer.
Table 42: Worsening heart failure
Study Outcome; follow-up, months CRT-P, n/N (%) OPT, n/N (%) Effect 95% CI, p value
CARE-HF™ Worsening heart failure, 29.4% 191/409 (46.7) 263/405 (64.9) RR0.72° | 0.63t00.82°, <0.001
MIRACLE™® Heart failure requiring IV medication; 6
- diuretic agents 13/228 (5.7) 241225 (10.7) HR0.51 |0.261t01.00, 0.05
- vasodilators or positive intropic agents 6/228 (2.6) 14/225 (6.2) HR0.41 | 0.16to 1.08, 0.06
- medication for heart failure 16/228 (7.0) 35/225 (15.6) HR 0.43 | 0.24t00.77,0.004
MUSTIC™ Severe decompensation, 6 months 1% period: 0/29 (0) 1% period: 1/29 (3.4) | RR0.33° | 0.01t08.02, 0.50"
2" period: 0/29 (0) 2" period: 0/29 (0)

*Mean. ® Calculated by reviewer.
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4.3.2.9 Change in NYHA class

CARE-HF trial,"* COMPANION"*® and MIRACLE"'? reported improvement in NYHA class. The
three trials included people in NYHA class 11l and IV at baseline. CARE-HF™** reported NYHA class
at 18 months and mean NYHA class at 90 days, MIRACLE"®reported improvements in NYHA class
at 6 months, and COMPANION"® at 3 and 6 months. NYHA class was one of three reported primary
endpoints in MIRACLE.'?®

CRT-P vs OPT

All three trials reported a statistically significant greater proportion of participants with improvement
in NYHA class with CRT-P than with OPT (see Table 43). CARE-HF**! also reported an
improvement in mean NYHA class with CRT-P [2.1 (SD 1.0) vs 2.7 (SD 0.9) OPT, p<0.001]. There
was no evidence of statistical heterogeneity between the studies (Chi? 70, df=2, 1>=0%) when the data
were pooled in a random effects meta-analysis (see Figure 16). The pooled data from all three trials
showed an increase in the proportion of people with an improvement in one or more NYHA class with
CRT-P compared with OPT (RR 1.68; 95% Cl, 1.52 to 1.86; p<0.00001).

CRT-D vs OPT

In COMPANION,*® the proportion of people with an improvement in NYHA class was statistically
significantly greater with CRT-D compared with OPT at both 3 (CRT-D 55% vs OPT 24%, p<0.001)
and 6 months follow-up (CRT-D 57% vs OPT 38%; p<0.001).

CRT-P vs CRT-D

The proportion of people with an improvements in NYHA class was similar with CRT-P and with
CRT-D at both 3 (58% vs 55% respectively) and 6 months follow-up (61% vs 57% respectively;
RR 0.93 95% ClI, 0.84 to 1.04; p=0.20) in COMPANION."® However, this comparison should be

treated with caution as the trial was not powered it.
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Table 43: Changes in NYHA class

Study Outcome, follow-up CRT-P, n/N (%) OPT, n/N (%) | Effect 95% ClI, p value
CARE-HF'! NYHA class at 18 months, Class | 105/409 (25.7) 39/404 (9.7) | RR1.67*" | 1.441t01.93,<0.00001*"

Class Il 150/409 (36.7) 112/404 (27.7)

Class Il or IV 80/409 (19.6) 152/404 (37.6)

NYHA class, mean (SD) at 90 days 2.1(1.0) 2.7(0.9) MD° 0.6 0.4t00.7,<0.001
MIRACLE™ improved > 2 classes; 6 months 34/211 (16) 12/196 (6) RR 1.80° 1.47 t0 2.20, <0.00001°

improved 1 class 109/211 (52) 62/196 (32)

no change 64/211 (30) 115/196 (59)

worsened 4211 (2) 7/196 (4)
COMPANION™® Improvement in NYHA class symptoms, %

3 months 320%/551 (58) 58%/242 (24) <0.001

6 months 298489 (61) 76°199 (38) | RR1.60° | 1.32to 1.93, <0.00001"¢

CRT-D OPT

Improvement in NYHA class symptoms, %

3 months 299%/543 (55) 589/242 (24) <0.001

6 months 283%/497 (57) 769199 (38) | RR2.14° | 2.14t0 1.53, <0.00001"*

CRT-P CRT-D

Improvement in NYHA class symptoms, %

3 months 320%/551 (58) 299°/543 (55)

6 months 298%/489 (61) 2839497 (57) | RR0.93" | 0.84t01.04, 0.20°

“RR, 95% Cl and p value for class 1 and 2 combined. ° Calculated by reviewer. © MD, mean difference. “ Numerator calculated by reviewer. ¢ Analysis

reported in paper, p<0.001.*
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Figure 16: Participants with improvement in >1 NYHA class for CRT-P vs OPT

4.3.2.10 Change in LVEF

Only one trial reported LVEF. MIRACLE™® reported absolute change in median LVEF at 6 months
for those with CRT-P and with OPT. No comparisons of CRT-D vs OPT or CRT-P vs CRT-D were

reported.

CRT-P vs OPT

MIRACLE™ reported an improvement in median LVEF with CRT-P (+4.6, 95% CI, 3.2 to 6.4) but
LVEF reduced with OPT (-0.2, 95% ClI, - 1.0 to 1.5). The difference between the two changes was
statistically significant at 6 months follow-up (p<0.001).

4.3.2.11 Exercise capacity
COMPANION"® reported the mean increase in 6-minute walk at 3 and 6 months, while MIRACLE'?

reported median change from baseline in 6- minute walk and change in total exercise time. Change in
6-minute walk was one of three primary endpoints in this trial. MUSTIC"?’ reported mean distance
walked in 6 minutes at 3 months. Only CARE-HF''* did not report 6-minute walk distance. Only two
trials reported change in peak oxygen consumption. The MIRACLE trial'® reported median change in
VO, and MUSTIC™ reported mean VO, uptake (see Table 45). No comparisons of CRT-D vs OPT
or CRT-P vs CRT-D were reported.

CRT-P vs OPT

In all three trials, the distance walked in 6 minutes was statistically significantly greater for CRT-P
compared with OPT (see Table 44). In MIRACLE,'” CRT-P also had a superior outcome for change
in total exercise time (81 sec vs 19 sec OPT, p=0.001).

The trials were combined in meta-analysis. For meta-analysis of the MUSTIC crossover trial,"*’ data

were combined from both periods. This method provides a conservative analysis, with the study being
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under-weighted rather than over-weighted.®” Trials reporting change values and final values were
included in separate subgroups. There was some evidence of statistical heterogeneity between the
studies with the inclusion of MUSTIC¥ (Chi? 2.93, df=2, 1°=32%). The improvement in distance
walked in 6 minutes was statistically significantly greater for those with CRT-P than OPT (MD 38.14,
95% Cl, 21.74 to 54.54; p<0.00001) (see Figure 17).

MIRACLE™? reported statistically significantly greater improvements in VO, with CRT-P compared
with OPT (+1.1 units vs +0.2 units respectively, p=0.009). In the MUSTIC trial,"*’ authors combined
the results of the crossover periods for statistical analysis, which demonstrated significantly greater
uptake of VO, in those with CRT-P (16.2 units vs 15 units OPT; p=0.029).

CRT-D vs OPT

Improvement in 6-minute walk distance was statistically significantly greater with CRT-D compared
with OPT at 3 (44 metres vs 9 metres respectively, p<0.001) and 6 months (46 metres vs 1 metre
respectively, p<0.001) in COMPANION.*®

CRT-D vs CRT-P

There were no statistically significant differences in 6-minute walk distance between those with CRT-
D and those with CRT-P (MD -6.0, 95% Cl, -19.87 to 7.87; p=0.40). However, all comparisons
between CRT-P vs CRT-D should be treated with caution, as the trial was not powered for this

comparison.

Figure 17: Change in 6-minute walk distance at 6 months

=214
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Table 44: Change in 6-minute walk

Study Outcome; follow-up, month CRT-P OPT Effect 95% CI, p value
MIRACLE™ | Change in 6-minute walk, m, median (95% CI; | + 39 (26 to 54; 103.9%) | + 10 (0 to 25; 89.2°%) 0.005

SD); 6 (n=214) (n=198)

Change in total exercise time, sec, median (95% | +81 (62 to 119) (n=159) | +19 (-1 to 47) (n=146) 0.001

Cl)
MUSTIC™’ Distance in 6-minute, m, mean (SD)

Group 1 (CRT-P ON, CTR-P OFF) n=22 384.1 (78.9) 336.1 (128.3)

Group 2 (CRT-P OFF, CRT-P ON) n=24 412.9 (116.9) 316.2 (141.8)

Both groups n=46 399.2 (100.5) 325.7 (134.4) <0.001
COMPANION! | Change in 6-minute walk, m, mean change (SD)
18 3 months 33 (99) (n=422) 9 (84) (n=170) <0.001

6 months 40 (96) (n=373) 1(93) (n=142) <0.001

CRT-D OPT

Change in 6-minute walk, m, mean change (SD)

3 months 44 (109) (n=420) 9 (84) (n=170) <0.001

6 months 46 (98) (n=378) 1 (93) (n=142) <0.001

CRT-P CRT-D

Change in 6-minute walk, m, mean change (SD)

3 months 33 (99) (n=422) 44 (109) (n=420)

6 months 40 (96) (n=373) 46 (98) (n=378) MD -6.0% | -19.87 to 7.87, 0.40°

# Calculated by reviewer.
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Table 45: Change in peak oxygen consumption

Study Outcome; follow-up, months CRT-P OPT Effect p value
MIRACLE™ Change in VO,, ml/kg/ min, median (95% CI); 6 +1.1(0.6t01.7) (n=158) | +0.2 (-0.2 to 0.8) (n=145) 0.009
MUSTIC™ VO, uptake, ml/kg of body weight/min, mean (SD); 3

Group 1 (CRT-P ON, CTR-P OFF) n=18 15.9 (5.8) 15.3 (5.9)

Group 2 (CRT-P OFF, CRT-P ON) n=20 16.4 (3.6) 14.8 (3.9)

Both groups n=38 16.2 (4.7) 15 (4.9) 0.029
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4.3.2.12 QoL

All four studies reported change in QoL assessed by the Minnesota Living with Heart Failure
Questionnaire (MLWHFQ). Change in MLWHFQ scores was the primary outcome in MUSTIC.**’
CARE-HF'™ also reported EQ-5D (European Quality of Life Questionnaire — 5 Dimensions), mean
Quality-Adjusted Life-Year score (QALY) and mean life-years (see Table 46).

CRT-P vs OPT

All four trials showed statistically significant improvements in MLWHFQ scores with CRT-P
compared with OPT (lower scores indicate improved QoL). The trials were combined in a meta-
analysis. COMPANION*® and MIRACLE"? reported mean change from baseline for MLWHFQ
scores, while CARE-HF'*and MUSTIC'?' reported final mean values. MUSTIC* reported data per
crossover period and combined data for both crossover periods (see Figure 18).

For meta-analysis of the MUSTIC cross-over trial,**’

the combined data from both cross-over periods
were included, as this method provides a conservative analysis, with the study being under-weighted
rather than over-weighted.®” There was some evidence of statistical heterogeneity between the studies
(Chi2 4.39, df=3, I2:32%), but the direction of effect was consistent. The mean difference was -10.33
(95% Cl, -13.31 to -7.36) and MLWHFQ scores were statistically significantly lower in those with

CRT-P compared with OPT (p=0.00001), indicating improved QoL.

Other QoL measures with statistically significant improvements reported on by CARE-HF*® were
EQ-5D and QALY. The mean value of the EQ-5D was statistically significantly higher in those with
CRT-P at each follow-up (90 days 0.70 vs 0.63 OPT, p<0.001; 3 months 0.69 vs 0.61 OPT, p<0.0001;
18 months 0.61 vs 0.51 OPT, p<0.0001; end of study 0.56 vs 0.43 OPT, p<0.0001), although scores
appeared to be lower by the end of the study (37.4 months) compared with those at baseline in both
treatment arms. Mean QALY was statistically significantly higher in those with CRT-P at 18 months
(0.95 vs 0.82 OPT, p<0.0001) and at the end of the study (1.45 vs 1.22, <0.0001).

CRT-D vs OPT

The reduction in MLWHFQ scores, indicating improved QoL, in COMPANION*® was statistically
significantly greater in those with CRT-D at both 3 (-24 vs -9 OPT, p<0.001) and 6 months (-26 vs -
12 OPT, p<0.001).

CRT-P vs CRT-D
In COMPANION,**® improvements in MLWHFQ scores were similar in those with CRT-P and in
those with CRT-D at 6 months (-25 vs -26, MD 1.00, 95% ClI, -2.46 to 4.46; p=0.57).
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Table 46: Quality of Life Measures

Study Outcomes, follow-up CRT-P OPT MD (95% CI), p value
CARE-HF'™® QALY, mean (95% CI) (n=409) (n=404)
3 months 0.16 (0.15-0.16) 0.15 (0.14-0.15) 0.01 (0.001 to 0.018), 0.285
18 months 0.95 (0.91-0.99) 0.82 (0.78-0.86) 0.13 (0.07 to 0.018), <0.0001
End of study, mean 37.4 months 1.45 (1.38-1.53) 1.22 (1.15-1.29) 0.23 (0.13 t0 0.33), <0.0001
Life-years, mean (95% ClI)
3 months 0.241 (0.238-0.244) 0.241 (0.238-0.244) 0.0003 (-0.004 to 0.0045), 0.90
18 months 1.37 (1.34-1.40) 1.33 (1.29-1.37) 0.04 (-0.01 to 0.09), 0.13
End of study, mean 37.4 months 2.07 (1.99-2.15) 1.96 (1.88-2.05) 0.10 (-0.01 t0 0.22), 0.07°
EQ-5D, mean (95% CI)
Baseline 0.60 (0.58-0.63) 0.60 (0.57-0.63) -
90 days, (SD)** 0.70 (28) 0.63 (0.29) 0.08 (0.04 to 0.12), 0.001
3 months 0.69 (0.66-0.72) 0.61 (0.59-0.64) 0.08 (0.04 to 0.11), <0.0001
18 months 0.61 (0.58-0.64) 0.51 (0.48-0.54) 0.10 (0.06 to 0.15), <0.0001
End of study, mean 37.4 months 0.56 (0.52-0.59) 0.43 (0.39-0.46) 0.13 (0.08 to 0.18), <0.0001°
MLWHFQ, mean
Baseline (95% CI) 44.6 (42.5-46.7) 43.7 (41.5-45.8) -
90 days, (SD)™ 31 (22) 40 (22) -10 (-8 to -12), <0.001
3 months (95% CI) 30.1 (27.9-32.3) 38.9 (36.6-41.2) -10.6 (-8.1 to -13.1), <0.0001°
18 months (95% ClI) 28.4 (26.2-30.5) 36.0 (33.5-38.5) -10.7 (-7.6 to -13.8), <0.0001°
End of study, mean 37.4 months (95% CI) (SD) | 27.2 (24.9-29.5) (23.7) | 35.1 (32.6-37.6) (25.6) | -10.1 (-6.8 to -13.3), <0.0001°
MIRACLE™® Change in MLWHFQ score; 6 months, median | (n=213) (n=193)
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Study Outcomes, follow-up CRT-P OPT MD (95% CI), p value
(95% CI) SD -18 (-22 to -12) 37 -9 (-12 to -5) 24.7 0.001
MUSTIC™ MLWHFQ score, mean (SD)

Group 1 (CRT-ON, CRT-P OFF), n=23 33.3(22) 42.6 (20.9)

Group 2 (CRT-OFF, CRT-P ON), n=22 25.7 (20.4) 44.0 (25)

Both Groups, n=45 29.6 (21.3) 43.2 (22.8) <0.001
COMPANION" | MLWHFQ, % increase, mean (SD)

3 months -24 (27) (n=510) -9 (21) (n=243) <0.001

6 months -25 (26) (n=460) -12 (23) (n=207) <0.001

MLWHFQ, % increase, mean (SD) CRT-D OPT

3 months -24 (28) (n=514) -9 (21) (n=243) <0.001

6 months -26 (28) (n=478) -12 (23) (n=207) <0.001

MLWHFQ, % increase, mean (SD)
3 months

6 months

CRT-P
-24 (27) (n=510)
-25 (26) (n=460)

CRT-D
-24 (28) (n=514)
-26 (28) (n=478)

1.00 (2.46 to 4.46), 0.57°

MLWHFQ - 21 questions rated on a 6-point scale (total score 105), with higher scores indicating poorer quality of life.? Calculated by reviewer.

®P-value based on restricted mean survival used to estimate QALYSs. This is not the best estimator of survival differences between groups (statistically
inefficient), see instead all-cause mortality above. ¢ Decline in EQ-5D despite maintained effect with Minnesota Living with Heart Failure Questionnaire
(MLWHFQ) scores is because death has a health use of zero in EQ-5D and is not included in the MLWHFQ. * MLWHFQ scores include last value carried
forward for missing items. Patients who died were not included. Difference between groups accounts for baseline NYHA class and MLWHFQ score.
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Figure 18: Change in MLWHF scores

4.3.2.13 Adverse events

Reporting of adverse events was limited, as can be seen in Table 47 and Table 48. All participants in
MIRACLE"® and MUSTIC" were implanted with a CRT-P device, with pacing inactive in the
control (OPT) group. Both trials randomised only those people who had a successful implantation,
although MIRACLE"? also reported adverse events for all enrolled participants (including 71

participants who were part of a pilot phase and not included in the effectiveness results) (Table 47).

CARE-HF™ and COMPANION**® randomised participants to receive either a CRT-P (or CRT-D)
device or OPT only (Table 48). However, CARE-HF''! limited reporting of adverse events to device-
related complications. Only COMPANION™® reported any statistical comparison of CRT-P or CRT-

D versus OPT for adverse events.

Between 4.6%"'"* and 12.6%"*® of device implantations were unsuccessful in the trials (Table 47,
Table 48). Death due to adverse clinical events during the implantation procedure occurred among
0.4% of all participants in MIRACLE,'*® and in COMPANION"*® 0.8% of CRT-P recipients and 0.5%
of CRT-D recipients died due to procedural complications. Mortality rate 30 days after randomisation
was not statistically significantly different between OPT only (1.2%) and CRT-P (1.0%, p=0.34) or
CRT-D (1.8%, p=0.97), **® or between CRT-P and CRT-D (RR 0.53, 95% CI 0.20 to 4.41, p=0.2).
Device related death occurred among 0.2% of participants randomised to CRT-P in CARE-HF,** and
in 0.2% of those randomised to OPT (after receiving a device), although the time period was not

reported.**
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Moderate or severe adverse events related to the implantation procedure occurred in 10% of the CRT-
P group and 8% of the CRT-D group in COMPANION.™® The most common reported adverse
events were coronary sinus/venous dissection (0.3% CRT-P, 0.5% CRT-D™® 4.0%,'% 2.4%") or
perforation (1.1% CRT-P, 0.8% CRT-D;"® 2.1%"%) and lead related events (6%,""** 13.8%'%").
Hospitalisation for repositioning or replacement of LV lead was more frequent in those with CRT-P-
ON (4.8%) than CRT-P OFF (1.3%) in participants who were successfully implanted and randomised
in MIRACLE."®

The proportion of moderate or severe adverse events from any cause was statistically significantly
higher in those with CRT-D compared with OPT only (69% vs 61% respectively, p=0.03), but not
between those with CRT-P and those with OPT only (66% vs 61% respectively, p=0.15),"* or
between those with CRT-P and CRT-D (RR 0.95, 95% CI 0.88 to 1.03, p=0.25). Authors of CARE-
HF' state that the frequency of respiratory tract infections, hypotension, falls or syncope, acute
coronary syndromes, renal dysfunction, ventricular arrhythmias or ectopy, and neurologic events were

similar in the CRT-P and OPT only groups.
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Table 47: Adverse events for participants with a CRT device (randomised to CRT-P on or off)

Study Adverse events CRT device,
n/N (%)
MIRACLE™® All participants undergoing implantation (n=571)
Enrolled n=571 Unsuccessful implantation 43/571 (7.5)
Successfully Complete heart block requiring permanent cardiac pacing 2/571 (0.4)
implanted n=528 Death due to clinical events during implant procedure 2/571 (0.4)
Randomised n=453 | (progressive hypotension; asytole)
CRT-P n=228 Coronary-sinus dissection 23/571 (4.0)
OPT n=225 Cardiac vein or coronary-sinus perforation® 12/571 (2.1)
Participants who had successful implantation (n=528)
Left ventricular lead repositioned 20/528 (3.8)
Left ventricular lead replaced 10/528 (1.9)
Pacemaker-related infection requiring explantation 71528 (1.3)
Hospitalised for repositioning/replacement of LV lead
CRT-P-ON 11/228 (4.8)
CRT-P-OFF 3/225 (1.3)
MUSTIC™ Unsuccessful implantation 5/64 (7.8)
Enrolled n=67 Early lead dislodgement 8/58 (13.8)
Randomised n=58 | CRT-P-ON
CRT-ON, CRT-P Uncorrectable loss of left ventricular pacing efficacy 2/58 (3.4)
OFF n =29 Decompensation attributed to rapidly progressive aortic stenosis | 1/58 (1.7)
CRT-P OFF, CRT- | CRT-P-OFF
P ON n=29 Severe decompensating leading to a premature switch to active 1/58 (1.7)
pacing
Decompensation due to persistent atrial fibrillation 1/58 (1.7)

2 3 of these recovered and continued in study.
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Table 48: Adverse events for participants randomised to CRT-P or OPT (no device)

Study Adverse events CRT-P, n/N (%) OPT, n/N (%) RR (95% Cl), p
value

CARE-HF™ Unsuccessful implantation 19/409 (4.6)
Enrolled and Device related death
randomised - heart failure aggravated by lead displacement 1/409 (0.2)
n=813 - septicaemia after receiving a device 1/404 (0.2)
CRT-P n=409 Most common adverse device- or procedure- related events
OPT n=404 Lead displacement 24/409 (5.9)
(CRT-P OFF) Coronary-sinus dissection 10/409 (2.4)

Pocket erosion 8/409 (2.0)

Pneumothorax 6/409 (1.5)

Device related infection 3/409 (0.7)
COMPANION™® | Unsuccessful implantation 78/617 (12.6)
Enrolled and Deaths due to procedural complications 5/615 (0.8)

Mortality rate 30 days after randomisation 6°/617 (1.0) 4°/308 (1.2) p=0.34
Randomised Moderate or severe adverse event from any cause 407°/617 (66) 188°/308 (61) p=0.15
n=1520 Moderate or severe adverse event related to implantation procedure | 62°/617 (10)
CRT-P n=617 Coronary venous dissection 2°/617 (0.3)
CRT-D n=595 Coronary venous perforation 7°617 (1.1)
OPT n=308 Coronary venous tamponade 3"/617 (0.5)

CRT-D,n/N (%) | OPT, n/N (%)
Unsuccessful implantation 54/595 (9.1)
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Study

Adverse events

CRT-P, n/N (%)

OPT, n/N (%)

RR (95% CI), p

value

Deaths due to procedural complications 3/595 (0.5)
Mortality rate 30 days after randomisation 11°/595 (1.8) 4/308 (1.2) p=0.97
Moderate or severe adverse event from any cause 411°/595 (69) 188/308 (61) p=0.03
Moderate or severe adverse event related to implantation procedure | 48°/595 (8)

Coronary venous dissection 3°/595 (0.5)

Coronary venous perforation 5°/595 (0.8)

Coronary venous tamponade 2°/595 (0.3)

CRT-P,n/N (%) | CRT-D, n/N (%)
Mortality rate 30 days after randomisation 6°/617 (1.0) 11°/595 (1.8) 0.53 (0.20, 1.41),
0.20°¢

Moderate or severe adverse event from any cause 407°/617 (66) 411°/595 (69) 0.95 (0.88, 1.03),

0.25°¢

 Number of patients per treatment arm not reported. ® Denominator calculated by reviewer. ¢ Calculated by reviewer.
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4.3.2.14 Subgroup analyses reported by included RCTs

Only CARE-HF™ presented subgroup analyses that were clearly pre-defined (Table 49 and Table
50). The trial reported LVEF in people with or without ischaemic heart disease. A statistically
significant interaction between CRT-P and aetiology was found (p=0.003), whereby people with non-

ischaemic heart disease experienced a greater change in LVEF (Table 49).

The effect of CRT-P on the composite endpoint (death from any cause or unplanned hospitalisation
for a major cardiovascular event) in pre-defined subgroups with analysis stratified for NYHA class
(except the subgroup analyses of NYHA class) can be seen in Table 50. The overall effect of CRT-P
on the composite end-point was HR 0.63 (95% CI, 0.51 to 0.77) and there was little difference in this

outcome for any of the pre-defined subgroups.
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Table 49: Changes in LVEF for ischemic or non-ischemic heart disease

Study Median follow-up, months CRT-P OPT
IHD, non-1HD, IHD, non-1HD, p value
n=168 n=197 n=135 n=235
CARE- LVEF % at baseline, median | 25 (22-29) | 24 (21-29) | 26 (22-30) | 24 (21-29) | 0.1867 (IHD vs non-1HD)
HF (IQR)
mean (SD) change at 18 6.1(1.2) 10.9 (1.5) 1.3(0.7) 2.4 (1.7) 0.003 for interaction between
months, %° CRT and aetiology

IHD, ischemic heart disease. * Values estimated by reviewer from figure using Engauge digitising software (not stated but error bars presumed to show
SD).M?
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Table 50: Effect of CRT-P on death from any cause or unplanned hospitalisation for a major

cardiovascular event failure in pre-defined subgroups

Study Subgroups Patients with event/ | Hazard ratio
Total no. of patients®| (95% ClI)

CARE- Overall with primary end point 383/813 0.63 (0.51t00.77)

HFlll
Age® <66.4 year 163/406 0.55 (0.40 to 0.75)
Age® >66.4 year 220/407 0.68 (0.52 to 0.89)
Sex male 290/597 0.62 (0.49t0 0.79)
Sex female 93/215 0.64 (0.42 t0 0.97)
NYHA class Il 349/763 0.64 (0.52 to 0.80)
NYHA class IV 34/50 0.50 (0.25t0 1.01)
Dilated cardiomyopathy - No 238/443 0.68 (0.53 t0 0.88)
Dilated cardiomyopathy - Yes 145/370 0.51 (0.36 t0 0.73)
Systolic blood pressure® <117 mmHg 208/401 0.60 (0.46 to 0.80)
Systolic blood pressure® >117 mmHg 170/402 0.66 (0.48 t0 0.89)
NT-BNP® <214.5 pg/ml 122/366 0.53 (0.36 t0 0.76)
NT-BNP°>214.5 pg/ml 224/366 0.70 (0.54 t0 0.91)
Ejection fraction® <24.7% 205/372 0.65 (0.49 to 0.86)
Ejection fraction® >24.7% 152/373 0.62 (0.44 t0 0.85)
End-systolic volume index® <119.2 ml/m* | 156/366 0.71 (0.52 to 0.98)
End-systolic volume index”>119.2 ml/m? 193/366 0.54 (0.40t0 0.73)
QRS interval <160 ms 152/290 0.74 (0.54 t0 1.02)
QRS interval >160 ms 222/505 0.60 (0.46 t0 0.79)
Interventricular mechanical delay” <49.2 ms | 199/367 0.77 (0.58 t0 1.02)
Interventricular mechanical delay” >49.2 ms | 147/368 0.50 (0.36 t0 0.70)
Mitral-regurgitation area” <0.218 114/302 0.86 (0.60 to 1.25)
Mitral-regurgitation area” >0.218 175/303 0.56 (0.411t0 0.75)
Glomerular filtration rate® <60.3 196/369 0.67 (0.50 to 0.89)
ml/min/1.73m?
Glomerular filtration rate” >60.3 142/370 0.57 (0.40 to 0.80)
ml/min/1.73m?
Beta-blockers, No 131/227 0.72 (0.51t0 1.02)
Beta-blockers, Yes 252/586 0.59 (0.46 t0 0.76)
Spironolactone, No 166/356 0.58 (0.431t00.79)
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Spironolactone, Yes 217/457 0.67 (0.51 to 0.88)
Loop diuretics <80 mg of furosemide or 181/461 0.56 (0.42 to 0.76)
equivalent

Loop diuretics >80 mg of furosemide or 202/352 0.69 (0.53100.92)
equivalent

Digoxin, No 218/467 0.66 (0.50 to 0.86)
Digoxin, Yes 165/346 0.59 (0.4310 0.81)

2 Authors state that due to missing baseline data, not all subgroup numbers total 813. ° Divided
according to the median value in the study population — this lead to some inequality in the sizes if the
subgroups. * NT-BNP, N-terminal probrain natriuretic peptide.

4.3.3 Summary of clinical effectiveness: people with heart failure as a result of LVSD

and cardiac dyssynchrony

Four RCTs, with a combined total of 2844 participants, were included comparing CRT-P (and
CRT-D in one trial) with OPT in people with heart failure as a result of LVSD and cardiac
dyssynchrony. The trial comparing CRT-P and CRT-D with OPT randomised participants to
each of the three groups, but did not perform a direct comparison of CRT-D and CRT-P.
There was some risk of bias in the trials in relation to performance, detection and reporting
bias; although the risk was unclear in some cases due to inadequate reporting.

Length of follow-up in the trials varied: 3 months, 6 months, median 11.9-15.7 months and
mean 37.4 months including an extension period. Sample size ranged from 58 to 1520
participants. The majority of participants had NYHA class I11 symptoms, the remaining few
had NYHA class IV symptoms.

CRT-P vs OPT:

Meta-analysis found that CRT-P significantly reduced the risk of all-cause mortality (4 trials,
RR 0.75, 95% CI 0.58 to 0.96, p=0.02), heart failure deaths (2 trials, RR 0.67, 95% CI 0.51 to
0.88, p=0.004) and heart failure hospitalisations (4 trials, RR 0.61, 95% CI 0.44 to 0.83,
p=0.002).

Combining three RCTs in a meta-analysis demonstrated no significant difference in sudden
cardiac death (RR 0.97, 95% CI 0.44 to 2.14, p=0.94). One RCT (COMPANION) reported no
statistically significant difference in total cardiac deaths (CRT-P 17.7% vs OPT 18.8%,
p=0.334) or non-cardiac deaths (CRT-P 2.3% vs OPT 3.6%, p=0.122).

More people with CRT-P had an improvement of one or more NYHA class (RR 1.68, 95% CI
1.52 to 1.86, p<0.00001) in the three trials reporting this outcome.

One RCT reported change in LVEF and reported a statistically significant improvement with
CRT-P compared with OPT (4.6% vs -0.2%, p,0.001) at 6 months.
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There was a greater improvement in exercise capacity with CRT-P, as measured by the
distance walked in 6 minutes (6 MWT) (meta-analysis of three trials, change from baseline or
final values, MD 38.14 m, 95% CI 21.74 to 54.54, p<0.00001). A statistically significant
improvement in peak oxygen consumption was also reported by two of these RCTs.

All four RCTs found statistically significant improvements in QoL (MLWHFQ) score with
CRT-P (change scores or final values MD -10.33, 95% CI -13.31 to -7.36). One trial (CARE-
HF) also reported statistically significant improvements in EQ-5D (MD 0.13, 95% CI 0.08 to
0.18, p,0.0001) and QALYs (0.23, 95% CI 0.13 to 0.33, p<0.00001) with CRT-P at end of
study (mean 37.4 months).

One trial reported prespecified subgroup analysis. A significant interaction between CRT-P
and aetiology was found, whereby people with non-IHD had a greater change in LVEF.
There was little difference in the effect of CRT-P on the composite outcome (death from any
cause or unplanned hospitalisation for a major cardiovascular event) for 16 pre-defined

subgroups.

CRT-D vs OPT:

One trial compared CRT-D with OPT. All-cause mortality (HR 0.64, 95% CI 0.48 to 0.86,
p=0.003), total cardiac deaths (RR 0.68, 95% CI 0.50 to 0.93, p=0.02), sudden cardiac deaths
(HR 0.44, 95% C1 0.23 to 0.86, p=0.02) and heart failure hospitalisations (RR 0.77, 95% CI
0.63 to 0.93, p=0.008) were reduced with CRT-D compared with OPT,

There were no significant differences in heart failure deaths (HR 0.73, 95% CI 0.47 to 1.11,
p=0.143) or non-cardiac deaths (CRT-D 2.3% vs OPT 3.6%, p=0.717) in those with CRT-D
compared with those with OPT.

The proportion of people with an improvement of one or more NYHA class (57% vs 38%,
p<0.001), improvements in exercise capacity (change in 6 MWT 46 mvs 1 m, p<0.001), and
QoL (MLWHFQ) score (-26 vs -12, p<0.001) at 6 months were statistically significantly
greater with CRT-D.

CRT-P vs CRT-D:

One three-arm trial compared both CRT-P and CRT-D with OPT, but the trial was not
powered for a statistical comparison of CRT-P with CRT-D. Statistical comparisons of CRT-
P versus CRT-D have been undertaken for the purposes of this review but should be viewed
with caution.

Total cardiac deaths (RR 1.38, 95% CI 1.06 to 1.81, p=0.02) and sudden cardiac deaths (RR
2.72,95% CI 1.58 to 4.68, p=0.0003) were higher with CRT-P than CRT-D. All-cause
mortality (RR 1.20, 95% CI 0.96 to 1.52, p=0.12), heart failure deaths (RR 0.98, 95% CI 0.68
to 1.42, p=0.93), and heart failure hospitalisations (28% vs 29%) were similar for those with
CRT-P and those with CRT-D.
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e Changes in NYHA class, exercise capacity and QoL were similar for CRT-P and CRT-D.

Adverse events:

e  Two trials randomised people with successful implantation only. The other two trials
reported device-related deaths between 0.2% and 0.8% for those with CRT-P and 0.5% for
those with CRT-D. Moderate or severe adverse events related to implantation procedure were
reported as 10% for those with CRT-P and 8% for those with CRT-D by one trial, with 13%
and 9% of CRT-P and CRT-D implantations unsuccessful. Moderate or severe adverse events
from any cause were more common among those with CRT-D than OPT (CRT-D 69%, CRT-
P 66%, OPT 61%, CRT-D vs OPT p=0.03, CRT-P vs OPT, p=0.15). Reported complications

included lead displacements, infections and coronary-sinus dissections.
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4.4 People with both conditions

4.4.1 Quantity and quality of research available

Nine RCTs comparing CRT-D and ICD in people at risk of sudden cardiac death due to ventricular
arrhythmia and with heart failure as a result of LVSD and cardiac dyssynchrony met the inclusion
criteria. Five of these trials reported their findings in more than one paper; a summary of the included

papers for each trial can be seen in Table 51.

One of these studies (CONTAK-CD*®) was included in the 2007 TAR on CRT,* however
participants in CONTAK-CD'? were required to have VT as an indication for ICD and defibrillating
capacity was available to the control group, and is therefore discussed here rather than in the Section
4.3.

No trials comparing CRT-D with OPT or comparing CRT-D with CRT-P were identified for this

population.

Table 51: Included RCTs for people with both conditions

Trial Publication (Bold indicates primary or key publication)

CONTAK-CD Higgins et al., 2003"*®, Lozano et al., 2000™*°, FDA report™', Saxon et al.,
1999'%

MADIT-CRT Moss et al., 2009, *****Solomon et al. 2010,"** Goldenberg et al.
2011,"*%*°Arshad et al. 2011

MIRACLE ICD Young et al., 2003"

MIRACLE ICD Il Abraham et al., 2004

Piccirillo 2006 Piccirillo et al., 2006*

Pinter 2009 Pinter et al., 2009**°

RAFT Tang et al., 2010;** Tang et al., 2009™*

RethinQ Beshai et al., 2007;'* Beshai & Grimm, 2007**

RHYTHM ICD Summary of Safety and Effectiveness 200444

4.4.1.1 Characteristics of the included studies

Study characteristics are summarised in Table 52 and participant characteristics are summarised in

Table 53. Further details can be found in the data extraction forms in Appendix 10.
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Intervention and comparators

128:137:138:140:143:145 \yere jmplanted with a device that could provide

The participants in six of these trials
both CRT and ICD therapy, and the devices in the comparator groups provided back-up ventricular

pacing and active ICD therapy only (CRT-off). In three of the trials the comparator group received an
ICD only device.***3%*! participants in both groups of all trials also received OPT (discussed further

below).

Participants

Participants included in eight of these studies were required to have guideline indications for ICD
therapy (Table 52). Piccirillo™ states that the participants were undergoing prophylactic treatment
with the ICD or CRT-D. Pinter'* and colleagues enrolled people ‘without a conventional CRT

indication at the time of the study’, however these would now be considered a conventional indication

The trials differed in their eligibility criteria for severity of heart failure (Table 52). The majority of
participants in MADIT-CRT,** MIRACLE ICD 11'*® and RAFT*! were in NYHA class II; in
CONTAK-CD, ® MIRACLE ICD,"" RethinQ"*® and RHYTHM ICD' the majority of participants
were in NYHA class I11; and the majority of participants in Piccirillo** were in NYHA class IV
(Table 53). NYHA class was not reported by Pinter,* although the eligibility criteria required mild to
moderate heart failure. The proportion of participants with ischaemic heart disease varied between the
trials, from around 52% (RethinQ**) to 100% (Piccirillo*®). RethinQ'* enrolled people with

139

ischemic or non-ischaemic cardiomyopathy and Piccirillo™ enrolled people with ischemic dilated

cardiomyopathy.

RethinQ™*® differed from the other trials in the criteria used to define cardiac dyssynchrony.
Conventionally, a wide QRS interval indicates electrical dyssynchrony. RethinQ,**® however,
recruited people with a narrow QRS interval (<130 ms) and evidence of mechanical dyssynchrony on
echocardiography. Mean QRS interval in this trial was about 107 ms, and approximately one quarter

of participants had a QRS duration of 120 ms or more.

Mean QRS interval in the other eight trials, where reported, ranged from 156 ms (CONTAK-CD'?) to
169 ms (RHYTHM ICD*®). Pinter**’ did not report baseline QRS duration, but required a minimum
duration of 120 ms for study eligibility. MADIT-CRT"* required participants to have a QRS duration
of at least 130 ms, and reported that around 65% of participants had a QRS interval of 150 ms or more
at baseline. Mean LVEF ranged from 21% (CONTAK-CD'®) to 26% (RethinQ'*).
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The mean age of the participants in the trials was similar, ranging from 63 (MIRACLE ICD 11'*) to
67 (MIRACLE ICD™) years. The majority [75% (MADIT-CRT**) to 90% (MIRACLE ICD 11'*)] of
participants were men.

Pharmacological therapy

Table 54 displays medication at baseline. The majority of participants in all studies received ACE
inhibitors and/or angiotensin receptor blockers, although the proportion receiving beta-blockers varied
between the studies. Less than half of participants in the CONTAK-CD study,"?® around 60% of
participants in MIRACLE ICD** and MIRACLE ICD I1,"*® and around 80-95% of participants in
MADIT-CRT,* Piccirillo,*** RAFT,**! RethinQ' and RHYTM ICD received beta-blockers.
Antiarrhythmic drugs use also varied between the studies; around 33-35% of participants in
MIRACLE ICD I1,"® 33-42% of participants in MIRACLE ICD,"’ less than a quarter of participants
in RHYTHM ICD,*** around 15% of participants in RAFT,* 8-12% in RethinQ*® and around 7% in
MADIT-CRT"? were receiving antiarrhythmic drugs. Pharmacological therapy in each of these trials
would be considered optimal or close to optimal by current standards, although beta-blocker use in the
MIRACLE ICD trials was slightly low.
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Table 52: Study characteristics

Parameter | Study name
CONTAK- MADIT- MIRACLE | MIRACLE | Piccirillo™ | Pinter'® RAFT* RethinQ'® | Rhythm
CcD™® CRT™ ICD*’ ICD 1I'*® ICD*®
Study Crossover / RCT RCT RCT RCT RCT RCT RCT RCT
design Parallel RCT
Intervention | CRT-D + CRT-D + CRT-D + CRT-D + CRT-D CRT-D CRT-D + CRT-D + CRT-D
OPT OPT OPT OPT OPT OPT
Comparator | CRT-off + ICD + OPT | CRT-off + CRT-off + ICD CRT-off + ICD + OPT | CRT-off + CRT-off +
OPT OPT OPT OPT OPT OPT
Country USA (47) USA (88) USA, USA, Italy (1) Canada (7) Canada (24) | USA (34) Unclear (50)
(no. of Canada (2) Canada (63) | Canada (63) Europe &
centres) Europe (20) Turkey (8)
Australia (2)
Sample size | 490 1820 369 186 31 72 1798 172 179
randomised
Length of max 6 months | Average 2.4 | 6 months 6 months 1 year 6 months Mean 40 6 months Average 12.1
follow-up years months (SD (3.4) months,
20)
Key IV conduction | Ischaemic or | CHF. Stable | Chronic HF. | Chronic HF | Symptoms of | Ischemic or | Ischemic or | Symptomatic
inclusion delay and non- drug regimen secondary to | onclimbing | non-ischemic | non-ischemic | HF for > 6
criteria malignant ischaemic for>1 ischemic <2 flights or | causes. CM, months, >90
VTIVF CM month dilated CM 6-MWD < OPT narrow QRS, | days OPT
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Parameter | Study name
CONTAK- MADIT- MIRACLE | MIRACLE | Piccirillo®™ | Pinter® RAFT™ RethinQ™ | Rhythm
CD** CRT™ ICDY ICD 11'* ICD*®
450 m; > 2 IV dyssyn-
weeks drugs?