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EXECUTIVE SUMMARY

Description of proposed service

Pacemakers consist of a small, battery powered generator and one or more leads. In a
single chamber system, one lead is used, most commonly pacing the right ventricle.
Dual chamber pacemakers have two leads, placed on the right atrium and right ventricle.
They act synchronously when a slow natural heart rate is detected to mimic the
sequential physiological contraction of the atria and ventricles.

The objective of the assessment was to estimate the effectiveness and cost
effectiveness of dual chamber pacemakers versus single chamber atrial or single
chamber ventricular pacemakers in the treatment of bradycardia due to sick sinus
syndrome (SSS) or atrioventricular block (AVB).

Epidemiology and background

Bradycardia is abnormally slow heart rate. Sick sinus syndrome is present when the
heart's natural pacemaker, the sino-atrial node, fails to initiate cardiac contraction. It is
mainly the result of chronic fibrodegenerative processes or local calcification in the atrial
wall. Prevalence is around 0.03% and rises with age. Atrioventricular block denotes
defective conduction at the atrioventricular conduction system. It may be progressive,
with higher grades carrying worse prognosis. Prevalence may be around 0.04% and is
higher in the elderly and in men.

Methods for assessment

We carried out a systematic review of randomised controlled trials of the effectiveness of
dual chamber pacemakers in the relevant populations compared to either ventricular or
atrial devices. Studies were identified by searching electronic databases and relevant
internet sites, contact with device manufactures and experts in the field, and searching
bibliographies of studies retrieved. Inclusion criteria were applied by two researchers
and related to the populations of interest, study types (systematic reviews or RCTS),
language (English only), interventions (minimum 48 hours), and outcomes (restricted to
patient based measures). Data were extracted by one researcher and checked by
another. Tabulation and narrative synthesis was carried out. Quality was appraise
using standard frameworks, but not summary scores. Meta-analyses, using random
effects models, were carried out where appropriate. Limited exploration of heterogeneity
through stratification was possible.

A literature search was carried out for published economic evaluations or systematic
reviews of such studies. Economic evaluations submitted to the NHS National Institute
for Clinical Excellence were obtained. Critical appraisal was carried out using two
frameworks, for generic and decision analytic economic evaluations.

A decision analytic model was developed in Microsoft Excel®, using a Markov approach,
to estimate the cost effectiveness of dual versus ventricular or atrial pacing over five and
ten years from the perspective of the UK NHS as cost per QALY. Uncertainty was
explored using one-way and probabilistic sensitivity analytic techniques.

Number and quality of studies, and direction of evidence

The searches retrieved a systematic review of effectiveness and cost effectiveness
published in 2002; 4 parallel group randomised controlled trials and 28 cross over trials.

15
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The quality of the systematic review was good and it was used as the basis for reporting
the existing published economic literature as no additional studies were identified.

The quality of the parallel group studies was reasonable. They included over 7,000
participants and ran over three to five years, measuring clinically relevant outcomes (e.g.
death, pacemaker syndrome, atrial fibrillation, stroke, functional capacity and heart
failure). Two were trials of mode (in which a dual chamber pacemaker is inserted and
randomised to act in dual or single chamber mode) and two were trials of device in which
patients were randomised prior to implant. One was in people with SSS only (MOST),
two in mixed populations (PASE and CTOPP) and one in people with AVB only
(UKPACE).

There was no significant effect on mortality in any trials or meta-analysis. Dual chamber
pacing has a favourable and statistically significant effect on atrial fibrillation (pooled
OR=0.76) but not on stroke or heart failure, although non-significant trends in favour of
dual chamber pacing were shown in some trials. The effect on atrial fibrillation is time
dependent and more marked in trials including people with SSS. Functional capacity
was not significantly improved. Effects on quality of life varied according to
measurement method, were not large, may be subject to bias in one trial (MOST), and
are likely to reflect differences in the incidence of pacemaker syndrome.

Pacemaker syndrome was reported only in trials of mode and occurred in more than a
guarter of participants on ventricular pacing. It was associated with reduction in quality
of life. In trials of mode, reprogramming to dual chamber pacing was straightforward
and achieved in most cases of pacemaker syndrome with amelioration of disbenefits. In
trials of device upgrading requires an invasive procedure and this was carried out in less
than 5% of cases.

The cross over trials were much smaller and of shorted duration with less complete
reporting of methods and a wider range of outcomes studied. The shorter duration
precluded the measurement of outcomes such as mortality although positive effects
were shown for some individual symptoms and exercise capacity (although this outcome
is confounded by the use of rate responsive pacemakers). The cross over trials were
carried out, in general, earlier than the larger parallel studies.

Summary of benefits

Dual chamber pacing is associated with lower rates of atrial fibrillation, particularly in
SSS, than ventricular pacing and prevents pacemaker syndrome. Higher rates of atrial
fibrillation are seen with dual chamber pacing compared to atrial pacing. Complications
occur more frequently in dual chamber pacemaker insertion.

Costs

The cost of pacemaker systems is highly variable. Dual chamber devices are more
expensive due to the additional lead, time involved in implantation and risk of
complications. The need to upgrade single chamber to dual chamber devices offsets the
additional acquisition costs over time. We estimate the cost of a dual chamber system,
over five years, including cost of complications and subsequent clinical events in the
population, to be around £7,400. Because of the additional clinical consequences of
pacemaker syndrome and atrial fibrillation (and its sequelae) the overall cost difference
between single and dual systems is not large over this period: around £700 more for dual
chamber devices.
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Cost Effectiveness

Published economic analyses are not informative. Sponsor evaluations were of
variable quality and suggest dual chamber pacing is likely to yield benefits at low cost (or
with savings to the NHS).

We estimate the cost effectiveness of dual chamber pacing compared to ventricular to be
around £8,500 per QALY in AVB and £9,500 in SSS over five years and around £5,500
per QALY in both populations over ten years.

Atrial pacing dominates dual chamber pacing at five and ten years (i.e. is more effective
at lower cost).

Sensitivity analyses

There is considerable uncertainty in the models of cost effectiveness, much arising
because the difference in costs and benefits are small and so the incremental cost
effectiveness ratio is potentially subject to large variation.

In the comparison of dual and ventricular pacing, differential cost of devices is clearly
important.  The incidence, duration and severity of pacemaker syndrome is a critical
determinant of cost effectiveness. Under more conservative assumptions regarding the
persistence of mild pacemaker syndrome, the cost effectiveness of dual chamber pacing
is around £30,000 per QALY. Atrial fibrillation rates are a further source of uncertainty,
in terms of overall relative risk and the relationship between risk and time.

The probabilistic sensitivity analysis showed that, under the base case assumptions,
dual chamber pacing is likely to be considered cost effective at levels of willingness to
pay that are generally considered acceptable by policy makers.
Atrial pacing dominates dual chamber under all assumptions.

Limitations of the calculations (assumptions made)
There are significant uncertainties and limitations in the underlying data. Pacemaker
syndrome is the subject of clinical debate and its impact on quality of life is not clear.

The utility values used in the model were inferred rather than measured directly in people
with pacemaker syndrome.

The data underlying the analysis of dual versus atrial pacing are limited, being derived
from a single small trial.
Other important issues regarding implications

Over 70% of the eligible population currently receive dual chamber pacemakers,
although overall UK pacing rates are lower than the rest of Europe.

Around 10% of candidates for pacing are likely to have atrial fibrillation at the time of
implant, and so a theoretical maximum for diffusion of dual chamber pacing is around
90% of the eligible population.

Need for further research
An individual patient meta-analysis of existing trials is required and underway.
Further trials of dual versus atrial pacing are required and one is underway (DANPACE).

Publication of the economic evaluation of UKPACE and reporting of utility by health state
is needed urgently.
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Further research into the classification, diagnosis and utility associated with pacemaker
syndrome is needed.

There is currently no evidence for the effectiveness of pacemakers in children.

Conclusions

Dual chamber pacing results in small but potentially important benefits in populations
with SSS and/or AVB compared with ventricular pacemakers. There is no evidence of
superiority in terms of mortality in the medium term (up to five years) which increases the
importance of intermediate outcomes such as atrial fibrillation and of impacts on quality
of life through, for example, pacemaker syndrome.

As well as the potential avoidance of a small number of important cardiovascular disease
consequences, pacemaker syndrome is a crucial factor in determining cost
effectiveness.  However, difficulties in standardising diagnosis and measurement of
severity make it difficult to quantify precisely its impact.

At five years, dual chamber pacing in SSS and AVB is likely to yield additional QALYs at
a cost of less than £10,000, although there is some uncertainty around this estimate,
particularly with regard to pacemaker syndrome. More conservative assumptions
suggest the cost effectiveness ratio may be around £30,000 per QALY.

The evidence base comparing dual chamber with single atrial pacing is much smaller
and less robust. A single, small, parallel pilot randomised controlled trial is available
and informs our cost effectiveness analysis. This suggests that atrial pacing is likely to
be cost effective compared with dual chamber pacing.

Dual chamber pacing is in common usage in the UK, although recipients are more likely
to be younger within the eligible populations. Insufficient evidence is currently available
to inform policy on specific groups who may benefit most from pacing with dual chamber
devices, although overall our assessment is that the technology is likely to yield benefits
at a level that are generally considered acceptable value for money compared with
ventricular devices.
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LIST OF ABBREVIATIONS

SSS Sick Sinus Syndrome

SND Sinus Node Disease

AVB Atrioventricular block

DCP Dual Chamber Pacing

AF Atrial Fibrillation

CAD Coronary artery disease

CvD Cardiovascular disease

SA Sinoatrial

NYHA New York Heart Association

SAS Specific Activity Scale

SF36 Short Form (36)

QLAP Quality of Life Assessment Package
NASPE North American Society of Pacing and Electrophysiology
BPEG British Pacing and Electrophysiology Group
Ml Myocardial Infarction

AHA American Heart Association

ECG Electrocardiogram

MRI Magnetic Resonance Imaging

PASE Pacemaker Selection in the Elderly

MOST Mode Selection Trial in Sinus Node Dysfunction
CTOPP Canadian Trial of Physiological Pacing

EF Ejection fraction

TIA Transient Ischaemic Attack

INR International Normalised Ratio

ICER Incremental Cost Effectiveness Ratio
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GLOSSARY

Atrial fibrillation

Atrial fibrillation/flutter is a heart rhythm disorder (arrhythmia). It usually involves a
rapid heart rate, in which the upper heart chambers (atria) are stimulated to
contract in a very disorganized and abnormal manner

Atrioventricular block

This term identifies defective conduction at the atrioventricular (AV) node.

Bradycardia Slow heart rate. Bradycardia may become pathologic with decreased heart output.
Symptoms of bradycardia may be specific (syncope) or chronic and non-specific
(dizziness fatigue and heart failure).

Bundle of His A bundle of modified heart muscle that transmits the cardiac impulse from the

atrioventricular node to the ventricles causing them to contract

Chronotropic
incompetence

The inability of the heart to increase its rate appropriately in response to increased
activity or metabolic need e.g. exercise

Escape rhythm

Rhythm of at least three ectopic complexes (escape beats). The rate varies with the
origin: SA-node 50-60 b.p.m.; Atria and AV-junction 40-60 b.p.m.; ventricles 30-40
b.p.m.

Holter Monitoring

A device which records heart rate and rhythm over a 24 hour period

Incremental Cost
Effectiveness Ratio

The main output of economic analysis. The ratio of differences in costs to
differences in outcome (measured as QALYSs in this report) between two options i.e.
the extra cost involved in realising an additional unit of outcome.

International
Normalised Ratio

A measure of the degree of anticoagulation achieved using warfarin (INR=1.0 is
equivalent to no anticoagulation)

Mobitz Type | block

Also called Wenckebach block. Electrocardiographic pattern of second-degree
atrioventricular block, with a stable PP interval and a progressive increase in the
PR interval until a P wave fails to conduct.

Mobitz Type Il block

A conduction failure occurs at time intervals with a stable PP interval

Physiological pacing

Pacing mode that reproduces the natural sequence of atrioventricular contractions.
This is achieved with the preservation of atrioventricular synchrony and rate-
response.

This is a generic term for pacing that includes both dual chamber and atrial, single
chamber pacemakers.

Rate Hysteresis

A programmable feature in some pacemakers which, should the intrinsic rate fall
below the hysteresis escape rate, there is one cycle of pacing at the escape rate
followed by pacing at the programmed base rate until the pacemaker is again
inhibited by a sensed event.

Rate-modulation / rate

responsiveness

A feature of pacemakers in which the pacing rate varies according to the physical
demands of the patient.

Sick Sinus node

Progressive fibrotic degeneration of the sinus node causing delays or failure of

dysfunction conduction. These clinical manifestations are characterised by symptoms of sinus
bradycardia or arrest, sino-atrial block or alternation of bradyarrhythmia with
tachyarrhythmia.

Sinus node Collection of cells located on the right atrium at the base of the vena cava. The

sinus spontaneously depolarises through the AV node and ventricular walls
triggering rhythmic heart contraction.

Tachyarrhythmia

Abnormally fast heart rhythm

Tachycardia

Increased heart rate

Thromboembolism

A blood clot which forms within a blood vessel (thrombus) and travels through the
bloodstream to another part of the body

Wenckebach block

Synonym of Mobitz Type | block

20




Effectiveness and Cost Effectiveness of Dual vs. Single Chamber Pacemakers

1 AIM OF THE ASSESSMENT

The aim of this health technology assessment is to estimate the effectiveness and cost
effectiveness of dual chamber pacemakers versus single chamber atrial or single chamber
ventricular pacemakers in the treatment of bradycardia due to sick sinus syndrome (SSS) or

atrioventricular block (AVB).
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2 BACKGROUND

2.1 Atrioventricular block and sick sinus syndrome
2.1.1 Definitions

Pathological bradycardia is a heart arrhythmia characterised by an abnormally slow rate
(below 60 beats per minute (b.p.m.) during the day and 50 b.p.m. at night). Bradycardia may
be caused by a range of conditions affecting the heart's conduction system.*

Sick sinus syndrome (SSS) is an irreversible dysfunction of the sinus node, a small area
situated in the right atrial wall composed of cells , which depolarise spontaneously and act
as the heart's natural pacemaker. SSS includes a spectrum of arrhythmias with diverse
underlying mechanisms such as sinus bradycardia, sinus arrest, sino-atrial block, sick sinus
syndrome, and the tachycardia-bradycardia syndrome.

A failure in sinus activity may result in sinus pause or sinus arrest, with delay in atrial
activation. Sinus exit block occurs when depolarisation waves fail to travel across atrial
tissues. SSS therefore results in failure of the atria to start a timely contraction.

There are several degrees of progressive sino-atrial (SA) disease.? Bland asymptomatic
prolongation of sino-atrial conduction is called first-degree SA block. The failure of periodic
sinus node impulses characterises second-degree SA block. A progressive and increasing
prolongation of SA conduction time, associated with an occasional failure of conduction is
termed sino-atrial Wenckebach periodicity. Advanced second-degree sinoatrial block
occurs when an occasional interruption occurs without alteration of the periodicity of rhythm.

Slow sinus rhythm can allow atrial ectopic beats to occur, which in turn may trigger
tachyarrhythmias, typically atrial fibrillation.” This may result in alternating fast and slow
rhythms: bradycardia-tachycardia syndrome.**

Atrioventricular (AV) block means defective conduction at the atrioventricular (AV) node.
This is a discrete connection between the right atrium and the ventricles, which captures
depolarisation waves from the atrial walls and conducts them through the ventricles via the
intraventricular (or His-Purkinje) conduction system. This is a branching structure,
comprising the bundle of His and the right and left bundle branches. The left bundle branch
is further divided into the anterior and posterior fascicles.

AV block can progress from first degree, a benign form characterised by atrial contraction
followed by a minimal conduction delay to the ventricles, to partial (second-degree) or
complete (third-degree) AV block. Second-degree block occurs when conduction to the
ventricle is progressively delayed until an occasional failure of conduction occurs (Mobitz | or
Wenckebach block) or when conduction fails at occasional intervals without progressive
prolongation of the conduction time (Mobitz 11). Advanced second-degree block occurs
when conduction fails at fixed regular intervals (2:1, 3:1, or more rarely 4:1 or 5:1).

A block in AV conduction may occur at the bundle of His. The complete block of the right or
left bundle branches produces late activation of the corresponding ventricle. Complete
failure of conduction (third degree, or complete heart block) only occurs if all three fascicles
become involved. The atrial rate is generally greater and independent of ventricular rate.
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2.1.2 Aetiology
Diseases of the conduction system have diverse intrinsic or extrinsic aetiology.*

SSS is mainly the result of chronic fibrotic degenerative processes or calcification of the
sinus node and/or the surrounding atrial tissues. These processes become more common
with increasing age and may occur over years. Commonly co-existing anatomical findings
in SSS are coronary arteriosclerosis, with associated ischaemic heart disease® or
calcification of the aorta.

Since the AV node and intraventricular conducting structure are within the cardiac septum,
they may be affected by myocardial ischemia or infarction." AV block may also be
associated with chronic degenerative fibrosis, coronary arteriosclerosis and cardiomyopathy,
or other cardiovascular disease such as aortic stenosis, hypertension or pulmonary
embolism. Congenital heart block may occur in isolation or in association with other
structural heart disease such as transposition of the great vessels, atrial and ventricular
septal defects, Fallot’s tetralogy and pulmonary stenosis. Infectious diseases, such as
diphtheria, rheumatic fever, bacterial endocarditis and viral myocarditis may causes sick
sinus syndrome and heart block.* Sarcoidosis is believed to be a largely undiagnosed cause
of AV block.

Pharmaceutical agents (e.g. digoxin, digitalis, verapamil or betablockers) may cause
bradycardia and impair AV conduction.

2.1.3 Prevalence of atrioventricular block and sick sinus syndrome

Information on the community prevalence of AV block and SSS is sparse and difficult to
interpret as studies have been carried out in different populations, at different times and use
varying case definitions. The prevalence of SSS is believed to be around 0.03%.°

Using four large epidemiological studies carried out in Belgium, De Bacquer and colleagues’
estimated the community prevalence of any degree of AV block as 0.1% in women and 0.2%
in men. Prevalence was not as strongly age dependent for AV block as for other ECG
abnormalities (e.g. left ventricular hypertrophy or t-wave changes), being 0.1% in most age
groups above 25 years. Prevalence increased in men above the age of 65 years.

The Reykjavik study®, a prospective cohort of individuals born in the first three decades of
the 20™ century and followed up from 1967 to 1991, reported a prevalence of third degree
(complete) AV block of 0.04%.

Other sources have provided lower estimates, 0.015% to 0.02% for the UK and the US,
although these data are now over 30 years old.”*°

2.1.4 Symptoms

Symptoms of bradycardia may be intermittent or non-specific, particularly in the elderly.
These may include fatigue on exertion, dyspnoea and chest pain or symptomatic
hypotension. Established chronic bradycardia may impair cardiac output resulting in
variable symptoms of mild heart failure. Patients may experience palpitations. Bradycardia
may cause symptoms of cerebral ischemia, with dizziness, light-headedness, confusion or
blackouts and falls.

First-degree atrioventricular block is asymptomatic and benign in most cases. However, it
may become symptomatic in the elderly with symptoms associated with haemodynamic
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changes, particularly during exercise. Second- and third-degree block are more likely to
become symptomatic.

2.1.5 Diagnosis

The diagnosis of sick sinus syndrome or atrioventricular block rests on the correlation of
symptoms with electrocardiographic findings. These may involve a range of mostly non-
invasive tests, such as resting ECG, ambulatory ECG or Holter monitoring aiming to confirm
the association of symptoms and evidence of dysfunctional conduction. A standardized or
widely accepted test protocol is not available.

Atrioventricular conduction may be assessed by ECG or Holter monitoring. Adequate nodal
conduction, tested in individuals with SSS only, is defined as presence of 1:1 conduction at
rates of 140 b.p.m.** Conversely, the appearance of Wenckebach block at rates lower than
140 b.p.m. is considered a sign of incipient AV block. Inadequate atrioventricular

conduction may become evident during exercise testing for other ischaemic heart disease.

Non-invasive techniques may sometimes involve autonomic system stimulation.” These
include the Valsalva manoeuvre, carotid sinus massage sinus or the tilt test. Such tests are
conducted mainly to exclude other underlying causes of bradycardia (e.g. carotid sinus
syndrome).

2.1.6 Prognosis

The prognosis of SSS is variable, difficult to predict®*? and related to the presence and
severity of associated hypertension or coronary heart disease.>*® The position is similar for
AV block, where underlying abnormalities are more important in determining prognosis than
heart block itself.

It is not clear whether bradycardia is an independent risk factor for cardiovascular mortality,
although falls as a result of dizziness or fainting carry significant risk of morbidity and
mortality in the elderly population. However, bradycardia in association with haemodynamic
changes may affect prognosis.’* For example, in elderly patients with decreased ventricular
function bradycardia may lead to congestive heart failure. The interaction between atrial
fibrillation and bradycardia may be particularly important in the development of heart failure
due to the loss of the atrial contribution to diastolic ventricular filling with consequent
reduction in cardiac output. Hypertension may also play an important part in the
development of heart failure in association with bradycardia.

2.1.7 Impact: disability and quality of life

The American Heart Association/New York Heart Association (NYHA) scale is used
extensively to describe functional limitation in a wide range of cardiac conditions.'®> Patients
are classified in four groups:

e Class I: Patients have cardiac disease but without the resulting limitations of physical
activity. Ordinary physical activity does not cause undue fatigue, palpitation,
dyspnea, or anginal pain;

o Class lI: Patients have cardiac disease resulting in slight limitation of physical activity.
They are comfortable at rest. Ordinary physical activity results in fatigue, palpitation,
dyspnea, or anginal pain;

e Class llI: Patients have cardiac disease resulting in marked limitation of physical
activity. They are comfortable at rest. Less than ordinary physical activity causes
fatigue, palpitation, dyspnea, or anginal pain;
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o Class IV: Patients have cardiac disease resulting in inability to carry on any physical
activity without discomfort. Symptoms of cardiac insufficiency or of the anginal
syndrome may be present even at rest. If any physical activity is undertaken,
discomfort is increased.

The Specific Activity Scale (SAS) (Table 1) has been used in clinical trials of pacemakers,
although it has not been validated in this population. The SAS is based on the metabolic
load (metabolic equivalent) associated with the most strenuous activity performed by the
patient, determined with a questionnaire based on performance in activities of daily living.

Table 1: Specific Activity Scale

SAS Class | Description

Class | The patient can perform to completion any activity requiring = 7 metabolic
equivalents

Class Ii The patient can perform to completion any activity requiring = 5 metabolic
equivalents but cannot or does not perform to completion activities requiring
2 7 metabolic equivalents

Class Il The patient can perform to completion any activity requiring = 2 metabolic
equivalents but cannot or does not perform to completion activities requiring
= 5 metabolic equivalents

Class IV The patient cannot or does not perform to completion any activity requiring = 2
metabolic equivalents

Quality of life is clearly reduced in conditions that benefit from cardiac pacing. Woodend and
colleagues™ investigated patients’ and their families’ ratings of the most important elements
contributing to well-being after a pacemaker intervention. These were compared to the
views of clinical staff. Amongst the physical aspects of quality of life, general health and
mobility were cited as priorities for patients and their families. Whilst clinical staff of
cardiology services rated exercise tolerance as important, patients’ priorities were focussed
on symptom relief, diet and time spent in hospital. Among psychological aspects of quality
of life, patients identified the importance of self-esteem, satisfaction with life and confidence.
Clinical staff felt that depression and anxiety or fear of recurrence or death were most
important.

Clinicians and patients emphasised the importance of control over social and family life,
interpersonal relationships and changes in marriage and family as aspects of quality of life
that were affected by their condition and improved by cardiac pacing.

Stofmeel and colleagues carried out a systematic review of quality of life measures used in
studies of the impact of pacemakers published up to 1998.'" Studies included were
predominantly observational and a much wider range of measures were identified than have
been used in the trials of dual and single chamber pacemakers reported later in this
assessment. Disease specific and generic measures have been used to measure quality of
life in this population as well as new measures constructed from pre-existing scales for the
specific purpose of measuring the impact of cardiac pacing on quality of life.
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Generic measures used include the Short Form 36 (SF36), Sickness Impact Profile (SIP)
and the Nottingham Health Profile (NHP). These include domains of physical capacity,
emotional and cognitive functioning, social life, self perceived health and pain. Reliability
and validity have been widely studied and are considered acceptable.

Disease specific measures may be more sensitive than generic measures to particular
aspects of quality of life. Stofmeel and colleagues identified several cardiac disease specific
quality of life measures used pacing studies.’®  They note that none of the measures had
been validated in this population.

The Karolinska Questionnaire is a composite measure including generic domains (physical,
emotional, cognitive, social, self-perceived health and life events) in addition to specific
cardiovascular questions e.g. chest pain.

The Hacettepe Questionnaire was also derived from pre-existing questionnaires and
adapted for use in people with pacemakers. It includes eight dimensions: general well
being, physical symptoms, activity sleep appetite, sexual dysfunction, cognitive function,
social participation and work performance. However, it includes no questions specifically
related to arrhythmias and has not been validated in people with pacemakers.

A more recent disease-specific health measure is the Quality of Life Assessment Package
(QLAP).*® The QLAP has been partially validated in people with pacemakers and includes
four domains: physical, psychological, activity and social.

2.2 Current service provision and description of new
intervention

Pacemakers reduce morbidity and improve quality of life.*°

Drug therapy (atropine, beta-adrenergic drugs and theophylline) are less effective than
pacing in people with pathological irreversible bradycardia®*®* and are not generally used in
clinical management. Drug therapy is therefore not considered further in this assessment.

The remainder of this section describes different types of pacemaker and current guidelines
for their use.

2.2.1 Classification of pacemakers

Pacemakers consist of a small, battery-powered electrical generator and one or more
electrodes (leads). In single chamber pacemakers, the lead is positioned on the right
ventricle or right atrium. The lead senses whether intrinsic depolarisation has taken place
within the heart. When this does not occur, an electrical impulse is sent from the generator
to paced chamber via the lead and contraction is initiated.

Dual chamber pacemakers have two leads - one positioned on the right ventricle and one on
the right atrium.

A range of features are available in dual and single chamber pacemakers. These pacing
parameters describe the characteristics and functions of different types of device. Where
the functions of a pacemaker permit, re-programming can be carried out non-invasively.

The North American Society of Pacing and Electrophysiology (NASPE) and the British
Pacing and Electrophysiology Group (BPEG) jointly revised pacemaker nomenclature in
2002.*' This established the Generic Code for Anti-bradycardia pacing. The Generic Code
is composed of elements ("positions") describing: the chamber paced (Position 1), chamber
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sensed (Position 1), response to sensing (Position 111), rate modulation (Position IV) (Table

2).
Table 2: Definition of Generic Anti-bradycardia pacing codes (NASPE/BPEG)
Position: I Il 1 v
Category Chamber paced Chamber sensed Response to Sensing Rate modulation
Codes A= Atrium A= Atrium O= None O= None
V= Ventricle V= Ventricle T= Triggered R= Rate-
modulated
D= Dual (Atrium and D= Dual (Atrium and I= Inhibited
Ventricle) Ventricle)
D= Dual (Triggered and
Inhibited)

Adapted from Bernstein and coIIeagues21

Position 1l indicates the chamber where spontaneous depolarisation is detected if it occurs
outside the pulse generator’s pre-set refractory periods. The action of the pacemaker in
response to spontaneous cardiac depolarisation is described by position 1ll. The
pacemaker’s pulse may be inhibited (the escape interval is re-set without pacing if a
spontaneous beat is sensed) or triggered (with the emission of a pulse when it is sensed that
no spontaneous beats have occurred). Position IV describes the incorporation of an
extrinsic sensor to provide "rate-modulation” or "rate-responsiveness”. Position V has been
omitted since it is not covered in this report.

Rate modulation allows the pacemaker rate to be increased in response to physiological
demands (e.g. during exercise). Sensors detect parameters such as respiratory rate, minute
ventilation, right ventricular pressure, central venous temperature, evoked QT interval and
oxygen saturation and pacing rate is increased accordingly.™

Rate hysteresis is a feature of multiprogrammable pacemakers in which the device triggers
at a sensed heart rate that is lower than the pacemaker rate e.g. the pacemaker may be
triggered when the heart rate falls to 60 b.p.m. but operates at a rate of 72 b.p.m. In most
cases the pacemaker will continue to stimulate heart activity unless intrinsic activity exceeds
the operating rate, although some devices periodically check the underlying rhythm (search
hysteresis). Rate hysteresis ensures that the pacemaker works only when necessary.
Newer dual chamber pacemakers may also include mode-switching algorithms that track
atrial fibrillation or other tachyarrhythmias and when these occurs, trigger ventricular pacing
to avoid tachycardia.™

Physiological pacing is a general attribute for any type of pacing that has the capacity of
preserving the physiological atrioventricular synchrony. This is achieved by replicating as
closely as possible the sequence of contraction started in the atrium and transmitted to the
ventricle with appropriately calibrated timing. Dual chamber or single atrial chamber pacing
with rate-responsiveness are physiological pacing modes.

Synchronous single chamber pacemakers are a type of single chamber pacemaker that
achieve atrioventricular synchrony. The NASPE/BPEG code is VDD. The device can only
pace the ventricles, but senses electrical activity in both the atrium and ventricle. It may be
considered in people with intact sinus node and without atrial hypertrophy. The lead
contains an electrode which senses and paces the ventricle but also additional electrodes
which sit within the atrium. These sense atrial activity but cannot pace the atrium. Where
atrial activity is sensed, the ventricular lead is inhibited to allow AV conduction. If no
ventricular activity is sensed, the ventricular lead is used to pace the ventricle. In this way,
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the ventricular rate is made dependent on the atrial rate (i.e. physiological pacing) and
superimposition of atrial and ventricular contractions are avoided. Opinion varies regarding
the value of VDD pacemakers, in which atrial sensing may be difficult to achieve and they
are not extensively used.

2.2.3 Guidelines on indications for pacemaker implant and programming

The American College of Cardiology (ACC), the American Heart Association (AHA) and
NASPE have produced guidelines on pacemaker type and programming in relationship to
underlying disease.?? The ACC/AHA/NASPE guidelines are based on classes of evidence.
Class | means conditions for which there is evidence/consensus around the benefit of
pacing. Class Il refers to conditions where conflicting evidence or opinion exist and is
further subdivided into lla where the weight of evidence/opinion is in favour of
usefulness/efficacy and Class llb, in which usefulness/efficacy is less well established by
evidence/opinion. Class Il includes conditions for which there is evidence and/or general
agreement that a procedure/treatment is not useful/effective and in some cases may be

harmful. The AHA/NASPE guidelines were updated in 2002.

The AHA guidelines on pacing in sinus node disease and AV block are shown in Table 3.
Pacing is recommended in all individuals with permanent AV block, since this is often
associated with underlying cardiovascular disease and a poor prognosis regardless of the
presence and intensity of symptoms. The prognosis in transient AV block is more favourable
although this may only be in the short term, since progression towards permanent block is
common.

Table 3: American Heart Association guidelines on indications for pacing

Class | Class I Class Il
1. Any second-degree heart 1. First-degree AV block 1. Any asymptomatic first-
block with symptomatic with symptoms degree and type | supra-
bradycardia suggestive of pacemaker Hisian second-degree AV
syndrome block
2. Any third-degree heart block
with the exception of 2. Asymptomatic Type | and 2. AV block expected to
transient forms (i.e. dueto Il second-degree heart resolve (i.e. drug
drug toxicity or infectious block toxicity)
disease) and Class Il, point 3
3. Asymptomatic complete 3. Fascicular block with first-
3. Chronic bi-fascicular or tri- heart block with average degree or no AV block
fascicular heart block with ventricular rates >=40
intermittent heart block or b.p.m. 4. Transient AV block (MI)
with type Il second-degree without conduction
heart block 4. Syncope not proven due defects
to AV block and when
4. AV block after Ml other causes have been S. First-degree AV block
excluded with old bundle branch
5. Sinus node dysfunction block
5. Sinus node dysfunction in
the absence of 6. Asymptomatic sinus node
documented presence of dysfunction due to long-
bradycardia term drug treatment and
clearly associated with
non essential drug
therapy
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In 1991, the British Pacing and Electrophysiology Group (BPEG) established guidelines for
pacemaker selection according to type, programming and recommending pacemaker modes
based on underlying indications.***°

1. The ventricle should be paced if atrioventricular block is manifest or possible.

2. The atrium should be sensed/paced if atrial activity is present or unless contraindicated.
This may occur in the presence of atrial fibrillation, since atrial sensing may potentially
induce inappropriate tracking of atrial tachyarrhythmias and trigger ventricular
tachycardia.

3. Rate response is necessary if the patient is active or lacks chronotropic response.
4. Rate hysteresis may be valuable if bradycardia is intermittent.

The modes identified are summarised in Table 4.

Table 4. BPEG guidelines on pacing modes

Indication for pacing Type of pacemaker recommended
Sick sinus Without heart block Atrial, Inhibited, with rate response -
syndrome AAl, AAIR

With heart block Dual chamber, DDDR, DDIR, DDD, DDI
Atrioventricular Without chronic atrial Dual chamber, DDD or VDD
block fibrillation

With chronic atrial Ventricular, VVIR or VVI

fibrillation

2.2.4 Current pacemaker usage

Data in this section are taken from the UK Pacemaker Database, supplied by Dr David
Cunningham. Data on overall implant rates for the UK were taken from the Pacemaker
Database Report, 2002.%* In addition, more detailed information was obtained for the
purposes of this assessment on England and Wales only, including registrations for 2003.

The Pacemaker Database is part of the Central Cardiac Audit Database (CCAD).
Information on the coverage and completeness of the Database is available from the
Directory of Clinical Databases.?* According to this source, the Pacemaker Database covers
all UK population, with at least 97% of the eligible pacemaker population, with completeness
of data of at least 95%.

There were 25,397 pacemaker implants in 2002 in the UK?, of which three quarters were
new implants and one quarter replacements. The corresponding rate of new implants were
305.3 per million in England and 323.5 per million in Wales. The Database Report®
estimates that 1340 registrations for the year 2002 were missing at the time of print,
bringing the total estimated number of pacemakers implanted to 27,737 for this year.

Implants were carried out in 164 centres for the UK overall, of which 131 were in England
and 6 in Wales.
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Dual chamber pacing has steadily increased as a proportion of all pacemaker insertions in
the last ten years® (Figure 1) and accounted for 58.5% of the total in 2003. Use of dual
chamber devices has exceeded single chamber since 1995-6. Of dual chamber devices
inserted in 2003, about half were rate-responsive (DDDR) and half not (DDD). About 40%
of implants were ventricular: 16.4% of the total were VVI and 24% VVIR. The use of atrial
pacemakers was considerably less, only 1.1% of the total, and has fallen by about half in the
past ten years.”®
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Figure 1: Pacing mode at first implant, 1990 to 2003, England and Wales
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Data source: Reproduced by kind permission of the UK National Pacemaker Database © 2004. Totals are less than 100% due to registration
errors

The majority of pacemakers were inserted for heart block or sick sinus syndrome (77%).?®

In patients with sick sinus syndrome, two thirds of cases were attributed to conduction tissue
fibrosis.?® Other conditions associated with pacing in people with SSS were congenital heart
defects (0.9%) and myocardial ischaemia or infarction. Tissue fibrosis was also the
commonest underlying cause recorded on the pacing database for complete heart block
(59%). Twenty per cent of implants were due to AV node ablation, 11% for myocardial
ischaemia or infarction and 4% for congenital heart block.

In complete heart block (Figure 2), dual chamber pacemakers were inserted in nearly 69%,
of which one third were rate responsive.® Single chamber ventricular pacing accounted for
31% of total implants for this indication, with 59% rate-responsive.

In sick sinus syndrome (Figure 3) 73.8% of pacemakers inserted were dual chamber.? Of
these, 38% were rate-responsive and 62% not. Twenty three per cent of implants for SSS
were single chamber ventricular pacemakers (of which half were rate responsive). Atrial
pacemakers made up a small minority of implants, being 3.5% of the total for this indication.

Dual chamber pacemakers are not used in people with atrial fibrillation, which may be found
in around 10% of cases. Maximal use of dual chamber pacemakers is unlikely, therefore, to
exceed around 90% of cases of bradycardia due to SSS and/or AVB.

In 2003, the mean age of people at implant was 75.6 years. Figure 4 shows that single

chamber ventricular pacemakers are more likely to be inserted in people older than 75
years.
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Figure 2: Pacing modes in people with complete AV block, England and Wales, 1990-
2003.
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Figure 3: Pacing modes in people with SSS, 1990-2003, England and Wales.

Data source: Reproduced by kind permission of the UK National Pacemaker Database © 2004.
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Figure 4: Pacing modes at first implant, by age of recipient, 1990-2003, England and
Wales.
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2.2.5 Generator life expectancy

A pacemaker generator has an expected life of 5-12 years. Figure 5 shows generator
survival for different types of pacemaker in England and Wales since 1990.

Figure 5: Generator survival (all causes)
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2.2.6 Implantation procedure

Implantation is usually carried out in a cardiac catheterisation laboratory by a cardiologist
and support staff (a nurse and a radiographer). The insertion is usually carried out under
local anaesthesia.?*?® Leads are inserted into the subclavian or cephalic vein, advanced
onto the right atrial appendage and/or ventricular apex using fluoroscopy, and finally
secured. During implant of the leads, electrophysiology tests are carried out to assess
threshold (i.e. the lowest current which achieves stable capture of the myocardium),
electrogram sensing (to assess electrical amplitude of spontaneous depolarisation),
mechanical stability and to exclude the presence of diaphragmatic pacing.”® The pulse
generator is then secured to the lead and implanted into a subcutaneous pocket.
Recipients are given peri-operative antibiotic prophylaxis. The implant usually entails one
overnight stay in hospital.

Dual chamber pacemaker insertion is more time consuming than single chamber ventricular
pacemaker insertion, because of the insertion of an additional lead. Atrial leads may be
more difficult to implant since atrial fibrillation may occur during implantation, prolonging the
duration, and therefore cost of implantation.

2.2.7 Adverse events
Peri-operative complications

Peri-operative complications relate to venous access and lead displacement, and include
pneumothorax, haemothorax, haematoma and infections.?’

The incidence of complications is small but not negligible. Tobin and colleagues?®’ estimated
a total incidence of 4.2% in a large series of patients in the US. Half of these events were
lead displacement (2.4%) both atrial and ventricular. Pneumothorax occurred in 1.5% of
cases. More recent studies of complications are included in the results section of this
review (4.4.11) and include lead displacement, pneumothorax, cardiac perforation and
tamponade, with haemothorax rarely reported (0.1%? - 0.4%®). Lead and pacemaker
pocket infections are uncommon, ranging from 0.25%% to 0.58%2 of cases.

Complications may result in considerable increases in costs. Ferguson and colleagues?®®
studied the cost of complications in one US hospital and found that systemic infections
arising from the generator pocket were the most resource-intensive adverse events, leading
to an additional two week hospital stay. In the same study, haematoma drainage or lead
displacement led to 5.5 and 2.5 additional hospital days respectively.

Later complications

In the medium term, the generator may develop an intrinsic malfunction or might be affected
by an extrinsic source of electromagnetic radiation e.g. MRI scanning. In these instances
replacement of the generator may become necessary. Lead fracture or insulation
breakdown can occur. Lead displacement and cardiac perforation may occur after some
delay.

The PASE study estimated that approximately one quarter of complications were reported
after discharge from hospital.” Late onset infection may also occur and can be local, e.g.
due to mechanical erosion of the pocket or systemic, including endocarditis or septicaemia.
Subclavian venous thrombosis, which is rarely symptomatic, was reported in 0.5% of
recipients in the PASE study. It is believed that the incidence of this complication may be
higher than generally suspected but it seldom causes adverse events.
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Pacemaker syndrome

Pacemaker syndrome is a symptom complex related to the presence of a ventricular
pacemaker. It has been attributed to the superimposition of atrial and ventricular
contractions.®® Pacemaker syndrome is predominantly associated with single chamber
ventricular pacing. However, it has been reported in dual chamber pacing, despite the
potential to program AV delay in dual chamber devices.** Symptoms of pacemaker broadly
suggest low cardiac output and may resemble congestive heart failure e.g. dizziness,
weakness and fatigue, shortness of breath on exertion or when lying flat and ankle swelling.

Ausubel and Furman® reviewed the possible causes of pacemaker syndrome and report a
wide range of associated symptoms (Table 5). As discussed later in this assessment, the
definitions of pacemaker syndrome used in trials of pacing modes varied.

The underlying mechanisms contributing to pacemaker syndrome have been widely studied
but remain incompletely understood. However, at least two specific mechanisms appear to
be important. Firstly, loss of the contribution to ventricular filling from synchronous atrial
contraction may lead to reduced cardiac output. During ventricular pacing, cardiac output
may be reduced by 10%-35%. In some cases output may be reduced to levels below those
found during unpaced bradycardia.*

Secondly, retrograde conduction from the ventricle to the atrium may lead to asynchronous
atrial contraction against a closed atrioventricular valve, increasing pressure on the venous
system in both sides of the circulation and producing signs and symptoms of cardiac failure™®
Retrograde conduction is present in up to 60% of people with pacemakers, particularly
where SSS was the indication for pacing and AV node function is retained.* Retrograde
conduction is difficult to observe without intracardiac electrography.

Valvular disorders (e.g. aortic stenosis and mitral or bicuspid incompetence) and other forms
of progressive cardiac disease (e.g. left ventricular hypertrophy) may increase the severity of
pacemaker syndrome.®

The incidence of pacemaker syndrome is difficult to establish and reports vary. A widely
quoted figure is up to 7%, although much higher rates are reported in some clinical trials of
pacing modes. Although pacemaker syndrome commonly presents fairly soon after
implantation, it is not uncommon for onset to be late.** This may be due to late development
of retrograde conduction, or to the development or progression of pathology unrelated to the
pacemaker. Accurate diagnosis of pacemaker syndrome is difficult and although a wide
range of tests has been developed, none are widely used. Retrograde conduction is difficult
to observe using conventional electrocardiography, although intra-atrial conduction may be
assessed at the time of pacemaker insertion.

No reliable test has been reported which will predict who will develop pacemaker syndome.*
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Table 5: Symptoms and signs of pacemaker syndrome

Hypotension Apprehension = Tachypnea
Diaphoresis * Fluctuating blood and
Shock pulse pressure
Orthostatic changes = [Irregular peripheral

ulse

Low cardiac output Lethargy . P Cannon waves in the
Early fatigability neck veins
Light-headedness = Neck veins distension

Congestive heart failure ~ Dyspnoea Pulsatile liver

Orthopnea = Pulmonary rales
Oedema = Regurgitant murmurs
_ o with pacing
Neurologic symptoms Near fainting = Variability of heart
Dizziness sounds or murmurs
Confusion . Tachycardia
Haemodynamic Right upper quadrant pain
symptoms
Pulsations in neck or abdomen
Cough
Chest colds
Arrhythmia Palpitations

From: Ausubel and Furman (1985) *°

Pacemaker dependency

There are several degrees of need of pacing. Individuals may receive a pacemaker for
transient episodes of bradyarrhythmias, with more or less long spells of adequate
spontaneous heart rate. These individuals will not be pacemaker-dependent and will be
paced only during spells when spontaneous rate fails to reach the adequate threshold set by
the pacemaker. Alternatively, the spontaneous heart rate may be slow for most of the time,
with the pacemaker taking over for most time in individuals with this characteristic. These
individuals are pacemaker-dependent.

An alternative characterisation of pacemaker dependency involves the proportion of beats
paced over the total number of beats, i.e. an individual is pacemaker-dependent when the
majority of beats are triggered by the pacemaker.

Chronotropic incompetence

Chronotropic incompetence is the inability of the sinus node to react adequately to exercise
or other metabolic stress with an increase in heart rate. However, methods for establishing
chronotropic incompetence in clinical practice are not well established. Although the
mechanisms underlying the development of the condition are not clear, it may have
important prognostic and therapeutic implications (i.e. the use of rate responsive
pacemakers). The clinical importance of chronotropic incompetence in individual cases may
not be apparent unless there is a response to the use of a rate responsive device.*
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2.2.2 Current service cost

The cost of pacemaker implantation is made up of several elements:
Price of the generator and leads;
Implant procedure - setting and personnel;
Personnel involved prior to and following implantation;

1
2
3
4. Management of peri-operative complications;
5. Management of late complications;

6

Replacement or upgrade at the end of the life of the pacemaker or in response to
changing clinical need.

The price of generators differs by mode of pacing, with dual chamber pacemakers being
more expensive than single chamber devices. In addition, costs are increased if the
pacemaker is rate-modulated or has additional features, such as atrial tracking algorithms
(mode-switch) in dual chamber pacemakers.

Lead prices are less variable than generator costs and are proportional to the number of
leads implanted, i.e. one for single chamber and two for dual chamber. Leads may be of
several types including steroid eluting leads, bipolar or unipolar leads. Leads may include a
device for adjusting adherence to the atrial wall (active or passive fixation screw-in leads).

Further details on the cost of pacemakers are given in Section 5.2.3.2 of this report.
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3 Methods for Systematic Literature Review

This section describes the methods used in the systematic review component of the
assessment, which synthesises all available existing literature on the effectiveness and cost
effectiveness of dual chamber pacing.

3.1 Research questions

¢ What is the effectiveness of dual chamber pacemakers compared to single chamber
atrial and ventricular pacemakers in sick sinus syndrome or atrioventricular block?

¢ What is the cost-effectiveness of dual chamber pacemakers compared to single chamber
atrial and ventricular pacemakers in sick sinus syndrome or atrioventricular block?

3.2 Assessment team and Expert Advisory Group

The assessment was carried out by a team comprising Emanuela Castelnuovo, Dr Ken
Stein, Ruth Garside, Dr Martin Pitt and Liz Payne.

A clinical expert advisory group provided support to the assessment team throughout the
development of the assessment and commented on drafts of this report. The Advisory Group
included Dr. William Toff, Dr. Richard Charles, Dr. Neil Sulke and Dr. John Dean (see
Appendix 11.1).

3.3 Search strategy

A range of electronic databases were searched for published studies of effectiveness and
cost-effectiveness or cost-benefit of dual chamber pacing, encompassing completed or
ongoing research: Medline, Cochrane Library (Central, CDSR), Embase, I1SI-Web of
Knowledge, Web of Science Proceedings, BIOSIS, DARE, HTA, Biomed Central. In
addition, the websites of the National Research Register, Current Controlled Trials and US
Food and Drug Administration (FDA) were searched. The full search strategy is detailed in
Appendix 11.2.

Bibliographies were searched for further relevant publications. Members of the Advisory
Group were asked to identify additional published or unpublished studies. Submissions to
NICE by technology sponsors as part of the NICE appraisal process were checked for
additional published and unpublished literature.

The specialised registry of the Cochrane Heart Group was searched by a member of the
Cochrane Heart Group.

3.4 Inclusion and exclusion criteria

3.4.1.1 Population

Adults and children recruited in secondary and tertiary centres with a primary diagnosis of
acquired symptomatic bradycardia, secondary to sick sinus syndrome, AV block, or chronic
bifascicular block, and individuals with symptomatic bradycardia were included. People at
any stage of disease progression were considered, subject to their eligibility for permanent
pacing.
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Exclusion criteria

Studies were excluded if they reported on the following populations:

. People with carotid sinus syndrome and malignant vasovagal syncope;
" People with a primary diagnosis of congestive heart failure or cardiomyopathy;
" People with a primary diagnosis of atrial fibrillation, or atrial fibrillation from other

causes without concomitant sick sinus syndrome or atrioventricular block;

" People with a primary diagnosis of isolated tachycardia or tachycardia from other
causes without concomitant sick sinus syndrome or atrioventricular block.

3.4.1.2 Intervention

Studies of dual chamber pacemakers compared to single chamber pacemakers (ventricular,
atrial or both, separately reported) for the treatment of symptomatic bradycardia in eligible
population groups.

Exclusion criteria

Studies will be excluded if reporting on the following pacing types:
. Bi-ventricular;

. Bi-atrial;

] Triple chamber;

" Any type of temporary or diagnostic pacing.

Studies on dual chamber, therapeutic, permanent pacemakers with any of the above should
be excluded when results are not reported separately.

3.4.1.3 Outcomes

The following patient based outcomes were included:
" Mortality (all cause and cardiovascular);

] Stroke;

] Atrial fibrillation;

" Heart failure;
] Exercise capacity;
" Symptoms of breathlessness, fatigue, chest pain, dizziness, palpitations and sleep

disturbance;
" Functional status;
. Quiality of life;
. Adverse events of implantation (peri-operative mortality and non-fatal complications);

" Pacemaker syndrome.
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Composite outcomes made up of the above were also included.

3.4.1.4 Type of studies

Systematic reviews or randomised, controlled parallel or crossover trials were included in the
assessment of effectiveness.

Exclusion criteria

] Non-randomised studies of effectiveness, case series and case reports, n of 1 trials,
case-control studies and cohort studies;

. Studies in which insufficient methodological detail were reported to allow critical
appraisal,

] Studies of less than 48 hours duration;

" Studies on patients with clinical indications for pacing other than those considered in
this TAR;

. Pre-clinical studies, models or electrophysiology experimentation on human or other
biological material;

" Studies in animal models;

" Studies not published in English, and for which translation in English is not available.

In the review of cost effectiveness studies, reviews of economic studies were included.
Individual studies were considered only if they were full economic evaluations (i.e. those
which considered costs and outcomes).

3.5 Identification

Studies identified from the literature search were independently assessed by two
researchers for inclusion, with disagreement resolved by discussion. Full papers were
retrieved and screened independently by two researchers (EC and RG) for inclusion, with
disagreement resolved by discussion.

3.6 Data extraction strategy

A data extraction sheet was developed by one researcher (EC) and piloted on a small sub-
sample of papers. Data were extracted by one researcher (EC) and checked by another
(RG). Data were extracted retaining actual numbers where provided, or other summary
measures as detailed in the published study.

3.7 Quality assessment strategy

Methodological quality of RCTs was assessed using the criteria reported in the CRD Report
No. 4%, Appendix 2, detailed in Table 6. This framework addresses the potential for the
following biases:

= Selection bias, reflecting differences between characteristics of participants in each arm
that may have an impact on treatment effect;

= Performance bias, reflecting differences in all other treatment received during the
intervention that may modify differences in effect between intervention and comparison;
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= Detection bias, with differences in classification and measurement of outcomes in
relationship to knowledge of treatment provided or received, and

= Attrition bias, reflecting differences in successfully maintaining the initial random
compositions of the two arms.

The aim of the framework is to identify areas where limitations exist.

In this respect, one

item of the list has not been considered, compliance, due to the nature of pacing.

It is now recognised that studies may have been conducted with appropriate methods in
spite of limited reporting.*®

The checklist used is reported in the 6below, with indications on the criteria used to assess
each of the items included.

Table 6: Criteria for quality assessment of trials included in the review

Item Coding Criteria for assessment
Randomisation Adequate Adequate: random number table or computerised central allocation
sequence generation Partial Partial: Envelopes
Inadequate Inadequate: Alternation, case record numbers, birth date
Unknown
Concealment of Adequate Adequate: convincing evidence that allocation cannot be predicted
allocation Inadequate Inadequate: evidence of possible knowledge of allocation
Unclear Unclear: lack of sufficient/complete detail to draw conclusions on allocation
Unknown
Similarity of groups at | Reported Reported: list of prognostic factors is available and complete
baseline Unknown
Eligibility criteria Adequate Adequate: list of criteria provided and applied
specified Partial Partial: this option was not considered
Inadequate
Unknown
Blinding of assessors Adequate Adequate: assessment must be independent, or unaware of assignment. For objectively
Inadequate measurable outcomes, (i.e. deaths) blinding was rated ‘adequate’ regardless of assessors
Unknown blinding
Blinding of care Adequate Adequate: as above, with respect to methods for the delivery of care under evaluation and
provider Partial additional routine care (i.e. concomitant medication)
Inadequate
Unknown
Co-intervention, equal | Adequate Adequate: all relevant cointerventions have been included in baseline information
at baseline Partial
Inadequate
Unknown
Co-intervention, equal | Adequate Adequate: changes in co-interventions that have a therapeutic effect on endpoints of the study
during follow-up Partial have been reported in full
Inadequate Partial: indications are provided on additional interventions delivered
Unknown Inadequate: No qualifying statement is provided on the differential provision in the intervention
and comparator arm
Participants blinded Adequate Adequate: as above, with respect to awareness of recipient. Side effects have been
Partial considered a potential source of information on allocation to the recipient.
Inadequate
Unknown
Code break to Reported When reported, the potential for treatment effect to be a source of unblinding has been
participants Unknown considered
Results for primary Adequate Adequate: central estimate and precision (SD)
outcome measure Partial Partial: central estimate without precision (SD) or sub-optimal method for describing central
Inadequate estimate (i.e. median)
Unknown Inadequate: evidence of use of measures that are not recommended. In the case of crossover
trials, the use of non-paired statistical tests was considered inadequate
Intention to treat Adequate Adequate: including all randomised population. In the case of survival analysis, inclusion of
analysis Inadequate missing cases and explanation for censoring methods. Last-observation-carried-forward with

explanations of the impact on estimates was considered adequate. For crossover trials,
inclusion of recipients who concluded both periods and explicit statement on methods for
extrapolating missing values was considered adequate.

Inadequate: per-protocol analysis or evidence that losses to follow-up have been excluded.
For survival analysis, inclusion of individuals who reached endpoints only. For crossover trials,
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exclusion of individuals who did not complete the two periods, or where the exclusion of
individuals was not accounted for.

Missing values

Adequate
Partial
Inadequate
Unknown

Adequate: methods for extrapolation are explained

Loss to follow-up

Adequate
Partial
Inadequate
Unknown

Adequate: provision of a) numbers randomised b) numbers lost to follow-up c) numbers

The framework established by the QUORUM statement was used for the critical appraisal of
systematic reviews.*

The quality of cost-effectiveness and cost-utility studies were assessed using the
frameworks published by in Sculpher and colleagues®® and Drummond and colleagues.**

Where subgroup analyses were reported, we considered their methodological quality using
the following framework:

e Sample size, with two possibilities, all participants were included in the subanalysis
or some were excluded based on pre-selection criteria;

e Whether the analysis was preplanned;

o Whether the baseline equality of groups was maintained in the subgroup;

¢ Whether blinding was maintained;

e Whether the power calculation in the original trial included the subgroup analysis;

¢ Whether the subgroup was analysed on an intention to treat basis;

o Whether loss to follow up was reported and how this compared to loss to follow-up in
the main study.

3.8 Data synthesis

The results of individual trials were pooled using random effects meta-analysis, carried out in
Review Manager Software version 4.2. The summary statistic was, by default, the odds
ratio. Standard test for heterogeneity was carried out in each case and the proportion of
variation due to heterogeneity as opposed to chance reported using the I statistic.*?

Limited exploration of heterogeneity was carried out by stratification.
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4 Results of Systematic Review

4.1 Number of studies identified

A total of 2,330 studies were identified by the literature search and considered for inclusion
on the basis of information reported in abstracts or by obtaining and assessing full study
reports. The contribution of each source is reported in Appendix 11.2. Figure 6 shows a
chart of inclusion and exclusion. The reasons for exclusion of studies are given in detail in
Appendix 11.3.

In addition, we found one systematic review, originally published as part of a health
technology assessment report by the University of Birmingham in 2002 which included
reviews of studies of clinical and cost effectiveness.”® Since the searches for the current
assessment have been completed, the Birmingham review has been updated and published
as a review in the Cochrane Library.** The discussion of the Birmingham review in this
assessment refers to the 2002 publication.

We found 34 individual clinical trials, thirty-two comparing the clinical effectiveness of dual
chamber pacing to ventricular pacing and three comparing dual chamber to atrial pacing
(one study carried out a comparison of dual chamber pacing both to atrial and ventricular
pacemakers).

The recently completed but unpublished UKPACE study was identified from contacts with
researchers and was included in this review but maintained as confidential at the request of
the investigators.*

No additional studies were retrieved from submissions made to the National Institute for
Clinical Excellence as part of its appraisal of this technology.

Two studies included in the Birmingham systematic review were not included in our review.
These were a published study by Mattioli and colleagues*® and a study by Wharton and
colleagues*’ which was available only in abstract form and did not include sufficient details
to permit assessment of methodological quality.

The study by Mattioli and colleagues*® was excluded since it fails to provide sufficient details
to assess methodological characteristics. Although individuals were randomly assigned to
physiological or ventricular pacing, baseline characteristics are not reported by pacing mode.
For this reason, methodological features cannot be verified. In particular, selection bias
cannot be assessed.

In addition, the Mattioli trial includes an unknown proportion of participants with a diagnosis
of cardioinhibitory carotid syndrome that places the study outwith our protocol.

Since the Mattioli trial is much smaller than other parallel design RCTs, the impact of
exclusion is likely to be small on the synthesis of research findings, since it brings little
additional power to meta-analyses. It is also likely to increase heterogeneity in a pooled
analysis, since it included a high proportion of VDD pacemakers in the physiological group.

The results of the review of economic evaluations are reported in Section 5.
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Figure 6: Number and type of studies excluded, with reasons for specific exclusions
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Total studies identified (May 2004) = 2462

vs. single chamber pacemakers = 2090

Papers excluded because not containing a comparison of dual

Papers included based on abstract = 372

«

~Na

Papers excluded = 324 update

Papers included = 48

Reasons for exclusion (more than one reason
is possible)

One study included both a comparison of dual vs. atrial and
dual vs. ventricular, in this figure it is only accounted for once,
in the category dual vs. ventricular

Non-randomised studies of two comparison
groups (154 update)

Randomised controlled comparisons (ventricular
vs. dual, 4 trials) (reported in 13 papers)

All studies without methodological requisites of
usual (i.e. observational, follow-up, non
comparative, retrospective) (14)

Crossover randomised comparisons (ventricular
vs. dual, 28 trials) (28 papers)

Narrative, editorial, expert opinions, non-
systematic reviews (31 update)

Randomised controlled comparisons (atrial vs.
dual, 1 trial) (1 paper)

Pre-clinical studies (i.e. haemodynamics, blood
pressure, blood compounds etc.) (112)

Crossover randomised comparisons (atrial vs.
dual 2 trials) (1 paper)

Studies that do not report relevant outcomes,
or for not-relevant underlying disease (10
update)

Economic analysis (4 papers)

Studies with less than 48 hours follow-up (17)

Systematic reviews (1 paper)

Other (non-English language, abstracts, trial
details reported elsewhere) (20)
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4.2 Clinical effectiveness of dual chamber versus single
chamber ventricular pacing

4.2.1 Systematic Review

The systematic review published in 2002 as part of a health technology assessment carried
out at the University of Birmingham by Dretzke and colleagues® included studies published
up to 2001: 30 randomised trials (4 parallel group design and 26 crossover). The review
compared single chamber ventricular to dual chamber pacemakers only. It is a good quality
systematic review and is described in more detail in Appendix 11.8.1. The authors
concluded that RCTs of dual chamber pacing were of poor quality (Jadad scores on average
1/5), with crossover trials being of slightly better quality (Jadad scores 2/5 or 4/5). At that
time, the evidence in favour of dual chamber pacing was judged ‘borderline’. However, the
authors concluded that there was a significant reduction of mortality, pacemaker symptoms
and exercise capacity with dual chamber pacing. They also concluded that ‘the clinical
effectiveness findings support the current British Pacing and Electrophysiology Group
guideli‘gesll that recommend dual chamber (over single [ventricular] chamber) pacing for AV
block'.

We have not reported the results Dretzke and colleagues® in the main body of this report for
several reasons in order to prevent repetition. Differences between the current HTA and the
review by Dretzke and colleagues include the following:

e Our literature searches identified a large parallel trial (MOST*®) and one crossover
trial*® published since completion of review and reports of additional and relevant
analyses of important, large RCTs (e.g. quality of life). One additional crossover
study was identified.* In addition, one large RCT conducted in the UK became
available in an unpublished confidential form during the drafting of this review
(UKPACE®).

e Our HTA employs slightly different inclusion/exclusion criteria e.g. the studies by
Mattioli and colleagues® and Wharton and colleagues,*’ discussed in Section 4.1
were excluded.

e Some potentially important subgroup analyses were not considered in the
Birmingham review e.g. the role of pacemaker dependency

We have, however, used the data extraction tables from Dretzke and colleagues for
crossover studies in order to increase the efficiency of this assessment, updating these with
one study published since completion of the Birmingham review and one study which was
omitted from the original review.***° Critical appraisal of the crossover studies was
repeated.

In February 2004, after the searches which informed our HTA were completed, an updated
version of the Dretzke review was submitted for publication in the Cochrane Library.*

The following section discusses the characteristics and methodological quality of individual
randomised trials. Parallel group and crossover trials are considered separately. Three
published (and one unpublished) parallel RCTs and 28 crossover RCTs were included.
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4.3 Characteristics and quality of studies

43.1 Parallel group randomised controlled trials: characteristics
Characteristics of the populations, interventions and follow up are shown in Table 7.

Dual chamber pacing was compared to ventricular pacing in four multicentre parallel
randomised trials: MOST*®*!, PASE*®, CTOPP*?>.and UKPACE® (unpublished). MOST,
UKPACE and CTOPP involved over 2,000 participants each. PASE included 407 people.
Overall, these trials randomised 3,323 people to dual chamber or "physiological" pacing and
3,683 to ventricular pacemakers. UKPACE has not been published or peer reviewed: the
first draft of the trial report was obtained for this assessment.

Studies were either trials of device in which participants were randomised to insertion of a
dual or single chamber pacemaker or trials of programming mode in which a dual chamber
pacemaker was inserted but participants were randomised to have the pacemaker operating
in single or dual chamber mode.

4.3.1.1 Interventions and comparators

Two parallel trials of programming mode compared dual chamber rate-modulated pacing to
ventricular rate-modulated pacing (MOST and PASE). CTOPP was a trial of device and
compared physiological pacing to ventricular pacing. Physiological pacing means that
atrioventricular synchrony was achieved by (a) use of an single chamber atrial pacemaker
where AV conduction was intact, or (b) use of a dual chamber pacemaker where any degree
of AV block was present. This is a potential source of heterogeneity when comparing the
results of CTOPP to other trials.

UKPACE compared dual chamber to ventricular devices. The trial also randomised rate-
modulated or non-rate modulated pacing in equal proportion in the ventricular arm.
Ventricular pacing was compared to dual chamber overall and separately by rate-
modulation.

All pacemakers in the MOST and PASE trials were rate modulated. In CTOPP, 25% of
pacemakers in the single chamber ventricular arm were non-rate responsive.
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Table 7: Parallel RCTs: populations, interventions, comparisons, settings and follow up

Study Population | Intervention | Comparison | Randomisation | Country | Recruitment | Centres Author Patients Date Follow-up
MOST *®*' | SSS  or | DDDR WIR Trial of US and | Sept 1995 to 91 Lamas etal | 2010 2002 Programmed
SSS and programming Canada | Oct 1999 5 years
AVB
Average
33.1 months
PASE® SSS, AV |DDDR WIR Trial of us Feb 1993 to 29 Lamas etal |407 1998 550  days
or both programming Sept 1994 (min 216
max 996)
Ended June
1996
CTOPP*? SSS, AVB | Physiological | VVIR or VVI Trial of device Canada |Over 3 years, |32 Connolly et al | 2568 2000 Expected
or both pacing (AAIR dates not stated 35 on
DDD, DDDR) average
(min 2- max
5 years)
UKPACE® Cic CiC removed | CiC removed | CiC removed Cic CiC removed Cic Toff et al 2021 Unpublished | CiC
removed removed removed removed




4.3.1.2 Populations studied

The detailed characteristics of the study populations in the parallel RCTs are shown in Table
8.

MOST included only people with sinus node abnormalities, with or without AV block. PASE
and CTOPP included mixed populations of people with SSS, SSS with AVB and AVB with
normal sinus node function. Mean age was similar in the three studies (73 to 76 years), as
were the proportions of participants with a previous history of Ml (a quarter to a half). MOST
included higher proportions of people with history of atrial fibrillation and hypertension.
Similar proportions in MOST and PASE had a history of previous heart failure (one fifth to
one quarter). A smaller proportion in CTOPP were classified as having abnormal left
ventricular function (16-17%). Just over 80% of the MOST population and 70% of the PASE

populations were classified as NYHA class | (no symptoms or limitation of activities) or Il
(slight, mild limitation of activity, comfortable at rest or with mild exertion). Corresponding
data were not reported in CTOPP. [Text describing the characteristics of patients enrolled in
the UKPACE trial is CiC and has been removed].

The duration of the parallel group trials was between 1.5* and 3.5 years [CiC removed —
duration of follow up for UKPACE].

Imbalances in baseline characteristics were reported only for MOST. There were differences

in prior heart failure, diabetes and ventricular tachycardia or fibrillation (higher in dual
chamber) and in NYHA class I-l (higher in ventricular).
differences at baseline. Baseline characteristics were not tested in CTOPP.

Table 8: Detailed characteristics of participants: parallel RCTs

In PASE there were no significant

Participant MOST CTOPP PASE UKPACE
characteristics i
Dual Ventricular Phy_smlo Ventricular Dual Ventricular Dual Ventricular
chamber gic chamber chamber -
Number ofl 1014 996 1,094 1,474 203 204 1,012 1,009
participants
Age (Mean) 74 74 73 73 76 76 Cic Cic
removed removed
Sex (male) 53% 52% 57% 60% 57% 62% Cic Cic
removed removed
Hypertension 63% 61% 35% 35% 520 51% cic cic
removed removed
NYHA class I/l 81% 84% 70% 730 Cic Cic
removed removed
Atrial Fibrillation 47% 44% 21% 21% ) ) Cic Cic
removed removed
Prior Ml 28% 24% 26% 25% 33% 33% Cic Cic
removed removed
Prior heart failure 2204 18% 26% 28% Cic Cic
removed removed
Depressed EF 17% (@) | 16% (a) 27% 25% cic cic
removed removed
SAnodedisease | 40, 100% 33% 34% 44% 42% cic cic
removed removed
AV and SND 20% 21% Cic Cic
(4% 5% CHB 9% 8% - - removed removed
cHp) | ©%cHB)
AV block i i o o o o Cic Cic
51% (b) 52% (b) 49% (b) 50% (b) removed removed
Other/Unknown i i 8% 6% 7% 7% Cic Cic
removed removed
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Participant MOST CTOPP PASE UKPACE
characteristics i
chlz:e)l;a:)ler Ventricular Ph)éiSéolo Ventricular chlz:e)l;a:)ler Ventricular cthmeger Ventricular
Antiplatelet drugs ) _ 34% 3506 41% 37% re%ed rer%)c\:/ed
g\rnutégcso agulant ) ) 12% 10% 6% 4% re%ed re%ed
Antiarrhythmic - - 13% 12% 206-17% | 1%-23% cic cic
drugs removed removed
Beta blockers i i i i 9% 16% Cic Cic
removed removed
ACE ; - - - 31% 27% cic cic
removed removed
Diuretics i i i i 34% 36% Cic Cic
removed removed

(a) defined as abnormal left-ventricular function
(b) AV Block only

4.3.1.3 Outcomes reported: parallel and cross over studies

The outcomes reported in all included studies are described in Table 9. The outcomes
considered in the crossover trials were, as a consequence of the shorter study duration,
more restricted than in the longer-term parallel studies.

Table 9: Outcomes reported in all RCTs included in the review

Outcome

Studies

Parallel randomised, controlled trials

Crossover Trials

All-cause deaths

3 (4) trials MOST*™ CTOPP > PASE *°

Strokes, embolism

3 (4) trials MOST® PASE * >
CTOPP %2

Atrial fibrillation

3 (4) trials MOST™ ** PASE™
CTOPP®*%°

failure, rates of

heart failure

hospitalisation for

Progression to heart

2 (3) trials MOST*™ CTOPP**®

dependency

Role of pacemaker

2 trials, MOST® CTOPP>’

Exercise capacity

21 trials Avery (1994)> Capucci (1993)>° Channon
(1994)®° Davis (1985)** Deharo (1996)%° Hargreaves
(1995)% Jordaens (1988)*° Kamalvand (1997)%* Kenny
(1986)%° Kristensson (1985)°® Linde-Edelstam (1992)°
Menozzi (1990)68 Mitsuoka (1988)%° Oldroyd (1991)"
Perrins (1983)"* Rediker (1988)"% Saner and Fricker
(1996)" Sulke (1991)"* Sulke (1992)"® Sulke (1994)"®
Yee (1984)""

Functional status

Specific Activity Scale 3 trials MOST™
CTOPP** PASE®

Specific Activity Scale: 7 trials Deharo (1996)*
Kamalvand (1997)% Lau (1994)® Lau (1994)"° Rediker
(1988)" Sulke (1992)” Sulke (1994)"®

Functional status questionnaire: 2 trials
Saner and Fricker (1996)" Yee (1984)"’
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Table 9 (cont'd)

Pacemaker
syndrome /
reimplantation rates

and symptom scores

Pacemaker syndrome or
reimplantation:

3 trials MOST* PASE® CTOPP
(reimplant)®

Symptoms scores 1 trial CTOPP®°

Symptom scores: 22 trials Avery (1994)*° Boon
(1987)% Capucci (1993359 Channon (1994)*° Davis
(1985)°* Deharo (1996) % Hargreaves (1995263 Heldman
(1990)* Hoijer (2002)*° Kamalvand (1997)** Kenny
(1986)%° Kristensson (1985)%° Lau et al ( 1994)®
Menozzi (1990)%® Mitsuoka (1988)°° Oldroyd (1991)"°
Perrins (1983)"* Saner and Fricker (1996)"° Sulke
(1991)™ Sulke (1992)" Sulke (1994)® Yee (1984)"’

Quality of life

3 trials MOST *™® PASE® CTOPP®™

16 trials Boon (1987)°" Deharo (1996)°* Hoijer (2002)®
Kamalvand (1997)** Lau et al ( 1994)"® Lau (1994)"°
Linde-Edelstam (1992)%% Lukl (1994)% Menozzi (1990)%
Mitsuoka (1988)*° Perrins (1983)"" Rediker (1988)"
Saner _and Fricker (71996)73 Sulke (1991)*  Sulke
(1992)" Sulke (1994)"°

Cognitive function

2 trials Linde-Edelstam (1992)% Hoijer (2002)"

Adverse events 3
MOST

4_ trials
4 pASE® CcTOPP®?

[CiC removed — outcomes of UKPACE]

4.3.2

Table 10 summarises the results of critical appraisal of the parallel group RCTs.

Parallel group RCTs: methodological quality

The

remainder of this section considers the threats to validity arising from the methods employed

in these studies from selection, detection, performance and attrition biases.

Finally, the

external validity of the trials is addressed by considering the level of detail of reporting of
participant characteristics and the extent to which the eligible and recruited populations
represent the populations from which they were drawn.

Table 10: Summary of critical appraisal of parallel RCTs

Item MOST PASE CTOPP UKPACE
Randomisation sequence Adequate Partial Unknown CiC removed
generation
Concealment of allocation Adequate Unclear Adequate CiC removed
Similarity of groups at baseline | Reported Reported, with Reported CiC removed
important
omissions
Eligibility criteria specified Adequate Adequate Adequate CiC removed
Blinding of assessors Adequate for Unknown Adequate CiC removed
some outcomes
Blinding of care provider Unknown Unknown Unknown CiC removed
Co-intervention, equal at Unknown Adequate Adequate CiC removed
baseline
Co-intervention, equal during Unknown Unknown Partial CiC removed
follow-up
Participants blinded Yes Yes Yes CiC removed
Code break to participants Unknown Unknown Unknown CiC removed
Results for primary outcome Adequate Partial Partial CiC removed
measure
Intention to treat analysis Adequate Adequate Adequate CiC removed
Missing values Unknown Unknown Unknown CiC removed
Loss to follow-up Adequate Partial Unknown CiC removed
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4.3.2.1 Selection bias

Reporting of randomisation and allocation concealment was variable. In MOST, UKPACE
and PASE randomisation was carried out in a central location. The method of random
sequence generation was not reported in CTOPP. In PASE, envelopes containing the
allocation schedule were opened at the time of implant. In MOST, this step was carried out
centrally with allocation to mode taking place following pacemaker insertion. In CTOPP,
random allocation was carried out centrally 48 hours before pacemaker insertion with
concealment using sealed envelopes, which were opened at the time of implant. [CiC
removed — information on the randomisation method used in UKPACE]. The time lag could,
theoretically, give rise to bias if outcomes occurred differentially in the period between
allocation and intervention.

The allocation procedures in CTOPP_and PASE may have given rise to some bias because
allocation was carried out before suitability for dual chamber pacing was assessed. During
the insertion procedure, the adequacy of atrial sensing i.e. the ability of the pacemaker to
sense atrial activity is usually assessed. Where atrial capture is inadequate, a dual chamber
pacemaker is inappropriate. MOST addressed this issue by randomising after the
assessment of atrial capture. In CTOPP, participants in the dual chamber arm who were
found to have inadequate atrial capture were implanted with a ventricular pacemaker. Such
early crossovers occurred in 5.6% in CTOPP, who mainly had atrial lead implantation
difficulties or atrial fibrillation. In addition, 1.8% of people randomised to physiological pacing
in CTOPP were reprogrammed to ventricular before discharge. [CiC removed — cross over
in UKPACE]. Corresponding data are not reported in
PASE. The impact of this issue is likely to bias the comparison against dual chamber
pacing, although the magnitude is probably small.

All trials excluded people with chronic atrial fibrillation, defined using similar criteria across
trials. However, MOST and PASE included a larger proportion of people found to have atrial
fibrillation at the time of pacemaker implant. This may be due to the underlying indication for
pacing in each trial, i.e. MOST included individuals with SSS only, CTOPP and PASE
included mixed populations with SSS and AVB_. This may reduce the comparability of rates
of AF as an outcome between the trials. It is unclear whether this factor also threatens the
external validity of CTOPP since atrial fibrillation may be diagnosed more often in the US
where MOST and PASE were conducted.

More important as a potential source of selection bias are baseline imbalances between the
intervention arms in the MOST study. Patients assigned to dual chamber pacing had, at
baseline, higher rates of prior heart failure, prior ventricular tachycardia or fibrillation and
diabetes. Correspondingly, patients assigned to single chamber ventricular pacing were
more likely to be in NYHA class Il or I. Statistical analyses were appropriately adjusted for
baseline differences, which did have an effect (i.e. there are differences between the
adjusted and unadjusted results for the composite end point of death, stroke or heart failure
and for individual estimates of heart failure and atrial fibrillation), although the potential for
residual, unrecognised confounding remains.
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4.3.2.2 Detection bias

MOST, PASE, and CTOPP were described as single blind i.e. with blinding of participants.
Investigators were generally not blinded, although all trials employed blinded outcome
adjudication committees. [CiC removed — Assessment Group comments on detection bias
in the UKPACE study].

In PASE, quality of life was measured in telephone interviews at three, nine and eighteen
months, carried out by researchers blind to treatment allocation. Quality of life was also
measured in cases where the device was reprogrammed from ventricular to dual pacing,
which occurred in approximately 18% of cases prior to the planned three-month assessment.
It is not clear how quality of life was measured in these cases, although it may have been
carried out in different circumstances to the scheduled assessments.

Independent measurement of outcomes is particularly important in assessing pacemaker
syndrome given the subjective nature of the symptoms. MOST established strict criteria for
diagnosing pacemaker syndrome, though details are lacking on whether measurement of
this outcome was independent. Pacemaker syndrome was the most important reason for
crossover in the MOST trial.

Similar criteria were used in MOST and PASE for the definition of pacemaker syndrome,
although no details are given about the independence or verification of diagnosis. Although
adjudication by a blinded assessor may have been unpractical, the absence of independent
measurement of this important outcome is a source of some concern.

Details of the measurement of pacemaker syndrome and the proportion of crossovers for
this reason were not reported for CTOPP, although as a trial of device, crossovers were
much less common than in PASE and MOST. [CiC removed — methods for the assessment
of pacemaker syndrome in the UKPACE trial].

4.3.2.3 Performance bias

CTOPP was a trial of physiological pacing, in which a small proportion of participants
(approximately 5%) who were randomised to dual chamber received atrial pacing, i.e.
individuals with a diagnosis of SSS and intact AV conduction. This is a potential source of
bias, although it is difficult to determine direction and magnitude.

Types and programming of pacemakers varied between trials. MOST,and PASE reported
lower and upper limits of programming. These theoretically determine the total time spent in
pacing. It may therefore limit generalisability of the analyses where this factor is relevant.
However, variations in programming are unlikely to differ by pacing mode.

All trials allowed concomitant drug treatment for cardiovascular disease. There were no
significant differences in co-treatment between the pacing arms in PASE and CTOPP. No
information is available for MOST. Overall there is no evidence to suggest the presence of
significant performance bias in this group of trials.

4.3.2.4 Attrition bias

Loss to follow up was not specifically reported in any of the parallel group design trials. In
PASE, around 90% of the study population had functional status measured at 18 months,
suggesting follow up was good. Loss to follow up was not reported in the main trial
publications of CTOPP or MOST. However, a subsequent publication® reported that 99% of

53



Effectiveness and Cost Effectiveness of Dual vs. Single Chamber Pacemakers

follow-up was complete for MOST. [CiC removed — Assessment Group comments on
attrition bias in the UKPACE study]

All studies report their analyses as being based on the intention-to-treat principle. However,
a large proportion of changes in pacing mode occurred from single to dual chamber in
MOST (31.4%) and PASE (26%). Changes in mode occurred, to a lesser degree, in both
directions in CTOPP (17% from dual to single, 4% from single to dual) [CiC removed — rates
of crossover in UKPACE]. These differences probably reflect differences in hardware or
software randomisation. In MOST clinical outcomes (death, stroke, heart failure and atrial
fibrillation) were evaluated using survival analysis. It is likely that reprogramming was
therefore taken into account i.e. participants were censored at the time of reprogramming.

In MOST and PASE, last observation carried forward was used in the analyses where
reprogramming or loss to follow up occurred. This is a commonly used approach. However,
the high proportion of early reprogramming may have led to an overestimate of the effect of
dual chamber pacing on QOL. In both studies, quality of life was measured at the time of
reprogramming and these values carried forward. The problem with this analysis is that it
assumes the measured quality of life just prior to reprogramming reflects the experience of
this group over the remaining course of the trial, which may bias the analysis in favour of
dual chamber pacing. People who had their mode reprogrammed account for most of the
difference in quality of life between the groups. The alternative, of using all quality of life
data on these participants, would underestimate the effect of dual chamber pacing since
cases which crossed over to dual from single chamber pacing showed an improvement in
quality of life. This issue is discussed further in the results Section (4.4.8.1.) of this
assessment.

4.3.2.5 Statistical analysis

MOST reported a set of power calculations carried out for primary and secondary outcomes
and quality of life based on the ability to detect a relatively large effect (25% difference
between groups). CTOPP was powered to detect a 30% reduction in relative risk of stroke
or death from cardiovascular causes. An additional power calculation was conducted for
the CTOPP study on quality of life, taking into account a 25% loss to follow-up on this
outcome. [CiC removed — Assessment Group comments on the statistical power of

UKPACE
4.3.2.6 External validity

The parallel group trials report inclusion criteria and baseline characteristics in detail.

MOST and CTOPP recruited adults aged over 18 or 21 years respectively. PASE was
restricted to people aged over 65 years. However, in practice the mean age of participants
in the three trials was similar (73, 74* and 76 years) and only slightly younger than the
average age at pacemaker insertion in the UK (75.8 years) (Section 2.2.4). [CiC removed —
information on the mean age of patients in the UKPACE trial.

CTOPP reports the number of patients included in the trial as a proportion of total
pacemaker implants during the study period. 58% of people receiving first implant were
eligible for the study and 57% of these gave consent. Physician preference was the most
important reason for exclusion of eligible subjects (56%) followed by technical reasons
(28%) and patient preference (16%). Eligible patients who were not enrolled were slightly
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younger than the trial population (mean age 71 vs. 73 years), had a slightly more sino-atrial
node disease (35% vs. 34%) and slightly less AV block (46% vs. 50-52%) as the
predominant underlying disorder, and had greater functional limitation (49% NYHA grade Il
or higher vs. 37% and 41% in the trial arms).* These data indicate that the trial recruited a
group of people reasonably similar to the overall clinical population from whom the sample
was drawn.

[CiC removed — UKPACE eligibility and exclusion]

No details of the reference population are given in MOST and PASE.

The studies applied exclusion criteria based on a range of cardiovascular related diseases,
which may have resulted in the inclusion of patients with less severe disease than might be
encountered in routine clinical practice. Patients with clinically overt heart failure were
excluded from MOST and PASE. PASE had a higher proportion of people with a history of
heart failure, which is reflected in the lower proportion in NYHA categories | or 1l (70% vs.
80%). Corresponding data for CTOPP are not given - only that around 60% were in NYHA
class I. [CiC removed — UKPACE exclusion criterial.

All trials excluded patients with a previously confirmed diagnosis of chronic atrial fibrillation.
In MOST and PASE, it was a requirement that the definition of confirmed AF was
documented for six months. No such criterion on duration was stipulated in CTOPP.

MOST excluded individuals with malignancy expected to limit patients life expectancy, whilst
the CTOPP and PASE studies excluded individuals with limited life expectancy from non-
cardiovascular cause.

Although it is difficult to compare the trials to each other and to routine practice, external
validity appears reasonable, although MOST and PASE appear to include more severe
populations than CTOPP._ CTOPP excluded people with chronic atrial fibrillation, whilst the
PASE and MOST studies included people with AF for less than six months. There were
also differences in prevalence of hypertension (>60% in MOST, >50% in PASE and 35% in
CTOPP). There may be reasons to believe that this applied perhaps to previous heart
failure (26-28% in PASE, 18-22% in MOST and 16-17% (abnormal left-ventricular function)
in CTOPP). [CiC removed - information on the prevalence of medical conditions in

UKPACE].

4.3.3 Ancillary studies and subgroup analyses

A number of additional analyses and subgroup analyses have been reported from the data
collected as part of the three published parallel trials of dual chamber pacing. Results of
these are presented later in this assessment. We identified six subgroup analyses (see
Tablell)
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Table 11: Characteristics of ancillary studies

Author, year Trial Sample size | Outcomes considered
Skanes (2001) > CTOPP 2568 Atrial fibrillation
Newman (2003) % CTOPP 1722 Quiality of life
293

Tang (2001)°’ CTOPP 2244 Pacemaker dependency
Stambler (2003)> PASE 407 Atrial fibrillation (predictors)
Sweeney (2003)° MOST 1339 Baseline QRS
Glotzer (2003)** MOST 312 Episodes of non sustained

atrial fibrillation
Greenspon (2004)>> | MOST 2010 Predictors of stroke

Methodological features of the subgroup analyses are summarised in Table 12.

In general, the analysis and interpretation of sub-group analyses is controversial.®*®  The
main subgroup analyses were conducted by pacemaker dependency, presence or absence
of atrial fibrillation and underlying disease (SSS and AVB). However, validity may be limited
since post-hoc classification was frequently used. In addition, predictors were measured
with different methods and definitions.

In CTOPP, the endpoint of atrial fibrillation was considered in sub-group analyses. In
MOST, atrial high rate episodes (AHRE: spontaneous atrial Tachyarrhythmia and atrial
fibrillation) were used as a proxy for AF. AHRE were defined as rates higher than 220 b.p.m.
detected by the pacemaker.”® Participants in this sub-study had pacemakers programmed
to VDIR if randomised to ventricular pacing, for recording purposes.

In MOST, subgroup analyses were based on pacemaker functions®®, with pacemaker
dependency directly measured with samples of pacemaker recordings (proportion of
cumulative ventricle paced) in individuals with normal QRS duration at baseline. In CTOPP,
pacemaker dependency was indirectly assumed to be present in individuals with underlying
spontaneous heart rate lower then 60 b.p.m. during ventricular pacing and measured at
baseline. The CTOPP sub-study on pacemaker dependency®’ was invalidated by the
exclusion of participants for whom endpoints had occurred prior to measurement of
underlying spontaneous heart rate. Conclusions from this study should be considered very
cautiously.
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Table 12: Methodological features of subgroup analyses

Study Subgroup analysed |Preplanned Baseline equality between groups|Blinding Subgroup  analysis|ITT maintained Loss to Follow up
maintained maintained/ |considered in power
objective calculation
outcomes
Skanes etal  |All individuals from|Yes Yes Yes No Yes As in main trial
(2001) 55 main study
Newman et al |All English-speaking |Yes. Substudy: QOL collected at baseline |Baseline data are provided and tested|Cannot tell Only for the substudy |No, substudy (207 |Numbers not stated
(2003) 80 individuals from (within 48 hours form implant) and at with all p values non significant after patients only
main study month 6 correction for multiple comparisons; analysed)
293 individuals Main study: all patients interviewed at however, there is a large difference in ITT stated from
selected from main  |month 6 proportions of patients with SSS and main study
study AV in the sub-study compared to the
parent study
Tang et al Subselected group|Unclear. Definition of pacemaker|Baseline values are reported and{Cannot tell No Cannot tell 324 patients were excluded
(2001)57 of the main study dependency: presence of underlying rate |tested for equality. D_ifference in t'he Primary outcome had already occurred
of less than 60 b.p.m.; for each patients, a|proportion of patients with rate-adaptive (57 ventricular, 47 physiological)
point estimate of unde_rlylng heart rate was|pacing in the two groups (characteristic UHR not assessed first follow-up visit
assessed during the first follow-up visit by|not tested) : :
; (63 patients ventricular, 49
setting the pacemaker to the VVI mode . :
physiological)
and a stable heart rate was recorded . -
(UHR). First follow up visit not attended (52
ventricular, 56 physiological).
Stambler et al |All individuals from|Unclear. The only pre-planned analysis|Yes (however, unclear whether|Yes No No (LOCF in main|As in main study
(2003)53 main study mentioned is for SSS/AVB concealment was appropriate in the study)
main paper)
Sweeney et al |Subselected sample |Unclear. QRS values were collected at|Unclear. Baseline values not tested,|Cannot tell No Cannot tell Cannot tell
(2003)56 baseline, however no explanation provided|there might be differences in AF prior
for selection of sample. Ml NYHA class perhaps prior atrial
tachycardia
Glotzer etal  |Subselected sample |Unclear. Investigator initiated study in|Differences at baseline were not|Not stated.|The study reaches|Cannot tell.|Cannot tell
(2003)54 approved centres. Participants with a|reported by pacing mode. The|Outcomes significant conclusions,|Mentions data
recording-capable pacemaker were|prevalence of prior supraventricular{from so it has power tolanalysed per initial
approached and enrolled after entry to the|arrhythmia was higher than in the main{pacemaker detect differences in{randomisation
main study study recordings effect.
Greenﬁgon All individuals from|Re-analysis of trial data Yes Yes No Yes As in main study
(2004) main study







4.3.4 Cross over trials: characteristics

Twenty-eight crossover studies were identified. All were trials of pacing mode. There were
three comparisons:

e Ten trials compared dual chamber and fixed rate ventricular pacing;
e Fourteen trials compared dual chamber to rate modulated ventricular pacing;

e Four trials compared VDD pacing (dual chamber sensing, but ventricular pacing) to
ventricular pacing.

One trial (Hargreaves et al, 1995%) included a comparison of dual chamber to both fixed rate
and rate-modulated ventricular pacemakers. Two trials”"* included a comparison of single
chamber ventricular to both fixed rate and rate-modulated dual chamber pacing.

Table 13 shows the main characteristics of the cross over studies and is an extended
version of the table of study characteristics published in the review by Dretzke and
colleagues.® The participants in cross over trials were younger than those in the parallel
group trials (unweighted mean = 68 years, versus 73-76 years) with a higher proportion of
males (64% versus 57%).

Table 13: Characteristics of crossover trials

Author, Year Country Population Intervention Comparator Duration
Indication N M:F Age
(mean)
Avery (1994)% UK AVB 13 | 7:6 79y DDD Wi 1 month
Boon (1987)*" UK AVBorSSS | 15 | 13:2 69y DDD VVI 4 weeks
Capucci (1993)*° Italy AVB,SSSor | 14 | 12:2 66y DDD,DDDR VVI 1 month
both
Channon (1994)*° | UK AVB 16 | 8:8 81y DDD WVI 7 days
Davis (1985)% Australia | AVB 14 | 10:4 65y VDD WVI 3 weeks
Deharo (1996)% France | AVB 18 | 14:4 70y DDD VIR 1 month
Hargreaves UK AVB 20 | 146 80y DDD VVI, VVIR 2 weeks
(1995)%
Heldman (1990)* | USA AVB, SSSor | 40 | 23:17 | 68y DDD,DDI Wi 1 week
both
Sulke (1991)™ UK SSS and 22 | 9:13 52y DDD, DDDR VVIR 4 weeks
AVB
Hoijer (2002)* Sweden | AVBorSSS | 19 | 13:6 76y DDDR VVIR 8 weeks
Jordaens (1988)*° | Belgium | AVB 18 | 12:3* | 74y DDD WVI 48 hours
Kamalvand UK AVB, SSSor | 48 | 28:20 64y DDDR (+/- mode VVIR 4 weeks
(1997)% both switching)
Kenny (1986)%° UK AVB,SSSor | 10 | 4:6 70y DDD (two fixed VVI 1 month
both rates used)
Kristensson Sweden | AVB 44 | 22:22 68y VDD VVI 3 weeks
(1985)%°
Lau (1994)" Hong SSS 15 | ? 66y DDDR AAIR, WIR | 4 weeks
Kong
Lau (1994)" Hong AVBorsSsSs |33 | ? 66y DDD, DDDR VVIR 8 weeks
Kong
Linde-Edelstam Sweden | AVB 17 | 13:4 64y DDD VVIR 2 months
(1992)* and
Linde-Edelstam
(1992)%
Lukl (1994)% Czech AVBoOrSSSs |21 | ? 68y DDD VVIR 2 weeks
Republic
Menozzi (1990)%® | Italy AVB 14 | 4:10 72y DDD WVIR 6 weeks
Mitsuoka (1988)*° | UK AVB orSSS | 16 | 14:2  |AVB: 64y DDD VVI 1 month
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Author, Year Country Population Intervention Comparator Duration
Indication N M:F Age
(mean)
SSS: 63y
Oldroyd (1991)" UK AVB 10 | 7:3 56y DDD VIR 1 month
Perrins (1983)" UK AVB 13 | 94 65y VDD Wi 1 month
Rediker (1988)" USA AVBorSSs | 19 | 154 70y DDD Wi 6 weeks
Saner and Fricker | Swiss AVBorSSS | 12 | 75 68y DDD VVIR 6 weeks
(1996)"
Sulke (1992)" UK AVB or 16 | 11:5 67y DDD wVI 4 weeks
AVB+SSS
Sulke (1994)™ UK AVB or 10 | 6:4 53y DDDR VVIR 4 weeks
AVB+SSS
Yee (1984)" Canada | AVB 8 | 44 59y VDD WVI 3 months

*Provided only for individuals analysed

The crossover trials were much smaller than the parallel group studies, with an average
of only 19 patrticipants (range 8-48, total studied 515) and follow up was considerably shorter
(range 2 days to 3 months). Patients in the cross over trials were slightly younger than those
in the parallel studies (average age 68 years) with a wider age range studied (range of
average ages = 52 to 82 years). One trial included only people with SSS, 14 included a
population with either SSS or AV block or both, and 13 included only people with AV block.
Reporting of comorbidity and concomitant treatment in the study populations was variable.

The intervention in the cross over trials was predominantly dual chamber pacing (24/28,
86%). In the remaining four studies, the intervention pacing mode was VDD. In three cases,
dual chamber with both rate-modulated and non-rate modulated were studied. In one case
(Heldman et al (1990)**) DDD and DDI were considered together. In this mode, both
chambers are sensed, but only the ventricle is paced. Atrial sensing aims to maintain
atrioventricular synchrony. In a further four trials the intervention was rate responsive dual
chamber pacing. In all of these cases, the comparator was also rate responsive, although
in a further eight studies the comparator mode was rate responsive while the intervention
was not. In one study DDDR mode was compared to single chamber atrial (AAIR) and
ventricular (VVIR) pacing. (Tables 14-15-16)

4.3.5

Tables 14 to 16 give an overview of the methodological features of the crossover trials
according to the comparisons undertaken. Some of the features used to appraise the
quality of parallel group RCTs have a slightly different meaning in the context of cross over
studies (e.g. intention to treat analysis) where it is not participants that are randomised, but
the order of treatments within participants.

Crossover trials: methodological quality

4.3.5.1 Selection bias

Selection bias is systematic error that arises in a measurement comparing two groups
because of significant differences between the groups that also relate to the outcome i.e. it
is confounding. In crossover studies we do not have two groups in the same sense as in a
parallel design. We have two groups of measurement, but these have been taken in the
same individuals. The data are therefore paired. Selection bias may still arise if there is a
systematic difference in relation to the ordering of the treatment periods. Random allocation
of this is likely to reduce the risk of error arising through secular effects e.g. progression or
recovery in the underlying condition. Spontaneous improvement is unlikely in the population
with bradycardia, although progression is possible. The duration of study is therefore
important and trials were therefore brief: treatment periods were, on average, four to five
weeks long. Therefore, it is unlikely in maost cases that progression will have given rise to
substantial bias, although this cannot be measured empirically.
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Only one study® had a treatment period of less than one week (2 days). Although outcomes
in this study were chosen to permit measurement shortly after intervention, it remains
possible that this study was insufficiently long to demonstrate the effects of the intervention.

A second important problem for crossover trials (though not restricted to them®') is carry-
over, whereby the effects of the intervention given in the first treatment period have an effect
during the second treatment period. A "wash-out" period is sometimes used in crossover
trials of drugs to address this problem. In the case of pacing modes, a washout period is not
required as carry-over effects would not be expected.

Concealment of allocation is important in parallel trials, where the investigator should be
unaware of the next allocation in the sequence at the time of enrolling the next patient. In
crossover studies the situation is different and this factor likely, we think, to be less important
as a source of bias (although we are not aware of any empirical evidence that considers the
impact of this factor). The key distinction is that knowledge of the allocation schedule will
not have an impact on the treatment received, but only on the order in which treatments are
received. No cross over studies reported allocation concealment.

4.3.5.2 Detection bias

Most trials include accounts of reasonable attempts to blind participants and assessors to
pacing mode. The procedures used to blind participants and assessors were not tested in
any of trials. In some trials>>®%°%%! outcome assessment was not carried out blind to mode
allocation and this may give rise to detection bias.

In general, the measures used in the crossover trials had not been validated prior to their
use. In most cases, outcome measures were adapted from other instruments or developed
specifically for the study.

4.3.5.3 Performance bias

Details on baseline medications and co-morbidity are available for few studies. Therefore it
is not possible to draw conclusions on differences in concomitant treatments in the two
periods. However, these are unlikely to be important since the trials were of short duration.

4.3.5.4 Attrition bias

Attrition in crossover trials presents particular problems. Where a participant drops out of
the study before the start of the second (or any subsequent) treatment period the planned
comparison cannot be made and the data are unusable. Where a participant drops out after
starting but before completing a treatment period, last observation carried forward or some
other method for imputation may be used. Such methods may allow greater use of
available data, but may also give rise to bias in the comparison of treatment periods,
particularly where drop out is related to outcome.

In six of the studies comparing dual chamber to ventricular pacing, there were stated losses
to follow up.>%°#°%7%8L Of these, most provided some account of the reasons for drop out.
Loss to follow-up was reported in four further studies.®****"® Only two studies reported loss
to follow up of greater than 20%.°%

4.3.5.5 Statistical analysis

No power calculations were provided in any crossover trial. Although few patients were
included, because the analysis of such trials is based on a comparison of effect within
individuals rather than between them (and within-subject variance is generally much less
than between subjects), smaller studies are required to demonstrate a similar effect.®®
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The methods used in the analyses of results of the mode-randomised trials were in general
appropriate. Results were adequately reported in most studies (i.e. expressed numerically
with some indication of precision).
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Table 14: Crossover trials of dual chamber compared to fixed rate ventricular pacing
Study Randomisati Concealme Eligibility Blinding of Blinding of Participants Co- Co- Results for Loss to Losses
on sequence nt of criteria assessors care blinded intervention, intervention, primary follow accounte
generation randomisat specified provider equal at equal during outcome up? d for?
ion baseline follow-up measure
Avery ? ? No Adequate ? Adequate ? ? Adequate Yes No
(1994)%®
Boon ? ? Yes No ? Adequate ? ? Adequate Yes Yes
(1987)%
Capucci Randomisat ? Yes No ? Adequate ? ? Adequate Yes Yes
(1993)* ion table
Channon ? ? Yes Adequate ? Adequate Adequate ? Adequate Yes Yes
(1994)%°
Heldman ? ? No ? ? Adequate ? Adequate Adequate No -
(1990)*
Jordaens ? ? Yes ? ? ? ? ? Adequate Yes Yes
(1988)*°
Kenny ? ? No Adequate ? Adequate Adequate Adequate Adequate No -
(1986)%°
Mitsuoka ? ? No Adequate ? Adequate Adequate ? Adequate No -
(1988)*°
Rediker ? ? No Adequate ? ? ? ? Adequate Yes No
(1988)"
Sulke Randomisat ? Yes Adequate ? Adequate ? ? Adequate No -
(1992) jon Table
Table 15: Crossover trials of dual chamber compared to rate modulated ventricular
pacing
Study Randomisa | Conceal Eligibility | Blinding Blinding Participant Co- Co- Results for Loss Losses
tion ment of criteria of of care s blinded intervention, interventio primary to accounte
sequence randomis | specified assessor provider equal at n, equal outcome follow d for?
generation ation s baseline during measure up?
follow-up
Deharo ? ? Yes No ? ? Yes ? ? Adequate Yes Yes
(1996)*
Hargreav ? ? Yes Adequate ? Adequate ? ? Adequate No -
es
(1995)%°
Lau ? ? No Adequate ? Adequate ? ? Adequate No -
(1994)"°
Linde- ? ? No Adequate ? Adequate Adequate Adequate Adequate No -
Edelstam
(1992)%
Linde- ? ? No Adequate ? Adequate Adequate Adequate Adequate No -
Edelstam
(1992)%"
Menozzi ? ? Yes Adequate ? Adequate ? ? Adequate No -
(1990)°8
Oldroyd ? ? Yes Adequate ? Adequate ? ? Adequate No -
(1991)"°
Lukl ? ? No Adequate ? Adequate ? ? Adequate No -
(1994)%
Saner Randomisat ? No ? ? ? ? ? Adequate No -
and ion Table
Fricker
(1996)"
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Study Randomisa | Conceal Eligibility | Blinding Blinding Participant Co- Co- Results for Loss Losses
tion ment of criteria of of care s blinded intervention, interventio primary to accounte
sequence randomis | specified assessor provider equal at n, equal outcome follow d for?
generation ation s baseline during measure up?

follow-up

Sulke Randomisat ? No Adequate ? Adequate ? ? Adequate ? ?

(1991)™ ion Table

Hoijer49 ? ? ? Adequate ? Adequate ? ? Adequate ? ?

(2002)

Kamalva Random ? No Adequate No Adequate ? ? Adequate Yes Yes

?1d997)6“ table

Lau et7g1l ? ? Yes Adequate ? Adequate Adequate Adequate Adequate Yes No

(1994)

Sulke Random ? No Adequate ? ? ? ? Adequate No -

(1994)™ table

Table 16: Crossover trials of VDD compared to fixed rate ventricular pacing

Study Randomisa | Conceal Eligibility | Blinding Blinding of Participant Co- Co- Results Loss Losses
tion ment of criteria of care s blinded intervention, interventio for to accounte
sequence randomis | specified | assessor | provider equal at n equal primary follow d for?
generation ation s baseline during outcome up?

follow-up measure

Davis o ? ? Yes No ? Adequate ? ? Adequate Yes -

(1985)

Yee - ? ? Yes ? ? Adequate ? ? Adequate No -

(1984)

Kristens ? ? No Adequate No Adequate Adequate Adequate Adequate No -

son

(1985)°%°

Perrin§1 ? ? No Adequate No Adequate No Adequate Adequate No -

(1983)
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4.3.6

Dual chamber versus single chamber ventricular pacing: summary of
quality of evidence

Four large parallel group RCTs (including unpublished UKPACE) and 28 small
crossover trials were included (total n=7,006). UKPACE data was included in the
meta-analysis of trials where possible.

In general, the quality of the parallel group trials (PASE, MOST, UKPACE and
CTOPP) was good. PASE and MOST were trials of programming mode. CTOPP
and UKPACE were trials of device.

All parallel studies were randomised and, in the larger trials (CTOPP and MOST)),
concealment was adequate.

Baseline differences in the MOST trial were handled appropriately in the statistical
analysis, although the potential for confounding by unknown factors remains.

Completeness of follow up was good in all studies, although there is some potential
for attrition bias in quality of life measurement.

Three of the large parallel studies were single blind (participants). Efforts were made
in all studies to ensure independent verification of most outcomes. However, the
methods for verification of pacemaker syndrome in PASE and MOST are uncertain.
We also remain uncertain about the independence of measurement of quality of life
in the event of patients switching pacing mode in PASE and MOST.

External validity was good. The eligibility criteria for CTOPP were applicable to
nearly 60% of people undergoing first implantation in the study centres and around
60% of these were recruited. The populations in MOST and PASE were similar to
those in CTOPP.

Five sub-group and ancillary studies were identified from the three large published
parallel studies. Such analyses are prone to bias and the effects of chance. Only
two were definitely pre-planned and methodological details of the others are limited.
The CTOPP sub-study of pacemaker dependency should be viewed with particular
caution.

The 28 cross over trials included in the review were carried out in much smaller
populations (total n = 493), contained fewer methodological details and were of much
shorter duration, although the higher power intrinsic to this design should be noted.
In light of the larger body of longer-term evidence from the parallel design trials they
are currently less useful as a basis for policy-making.
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4.4 Dual chamber versus single chamber ventricular: results
The main outcomes considered for dual chamber pacing were:

Mortality;

Atrial fibrillation;

Stroke;

Heart failure;
Exercise capacity;
Quality of life.

Results are presented by outcome, including results reported in publications other than the
main trial reports, and subgroup analyses. In addition to tabulation of results from literature,
pooled estimates were calculated for the main outcomes considered and are presented
using forest plots. As UKPACE has not been published and results are unpublished and
confidential, meta-analyses were carried out with and without this study. Results of parallel
and crossover trials are discussed in relation to each outcome.

4.4.1 Mortality

Total deaths reported were 13% (301/2311) for individuals with dual chamber pacemakers
and 12.5% (335/2674) for individuals with ventricular pacemakers. No individual trial
showed a significant difference in all cause or cardiovascular mortality (Table 17), nor is the
pooled estimate significant (Odds Ratio = 0.95, p=0.58) (Figure 7_and 8). [CiC data from the
UKPACE study has been excluded].

Table 17: Mortality. RCTs of dual chamber vs. ventricular pacemakers

All cause death Cardiovascular deaths
Dual Ventricular | Effect Cl Dual chamber | Ventricular Relative effect | Cl
chamber
32/203 34/204 RR 0.94 (0.8, 1.59)
16% 17%
MOST 200/1014 204/996 HR=0.97 (0.8, 1.18) 8.5% 9.2% HR =0.93 (0.69-1.24)
19.7% 20.5% Adj HR=0.95 (0.78,1.16) Adj HR = 0.87 | (0.65-1.18)
CTOPP 69/1094 97/1474 RR reduction (-18.1, 16.8) - -
6.3% 6.6% 0.9%
UKPACE |CiC Cic CiC removed Cic CiC removed | CiC removed | CiC removed | CiC removed
removed removed removed

HR = Hazard ratio, Adj HR=Adjusted hazard ratio, RR = Relative Risk, Cl = Confidence Interval

Death rates were higher in MOST and PASE than in CTOPP, reflecting differences in the

study populations that are greater than might be expected according to a comparison of the

baseline characteristics.

[CiC removed — death rates in the UKPACE triall.

66




Effectiveness and Cost Effectiveness of Dual vs. Single Chamber Pacemakers

Figure 7: Forest plot, Odds Ratio, Mortality
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Total everts: 301 (Dual chamber), 335 (Yentricular)
Test for heterogeneity: Chi® = 0.00, df = 2(P =1.00), F = 0%
Test for overall effect: 7 =056 (P = 0.58)
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Figure 8: Forest plot, Odds Ratio, Mortality including UKPACE

[This figure has been exluded due to the confidential nature of the UKPACE study]
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Subgroup analyses of effects on mortality were carried out according to:

pacemaker dependency in CTOPP;>’

episodes of transient atrial fibrillation in MOST** and PASE;*
underlying diagnosis (SSS or AVB) in PASE;®

[CiC removed — subgroup analysis undertaken in the UKPACE trial

'|45

In CTOPP, pacemaker dependency was defined as the presence of underlying spontaneous
heart rate of less than 60 b.p.m.>" A significant increased risk of death was found in
pacemaker dependent individuals paced with ventricular pacemakers (7.8%) compared to
physiological pacing (4.6%), a relative risk reduction of 38% (Cl 18%, 53%, p<0.001) but an
absolute risk reduction of 3.2%, corresponding to a number needed to treat (NNT) of 31.
Mortality in the non-pacemaker dependent was not significantly different. A similar pattern
was found for cardiovascular deaths. Two factors are important in understanding the
biological plausibility of the sub group and considering the potential for confounding as a
reason for the finding. Firstly, the sub group was defined at first follow up, which took place
two to eight months after recruitment, and excluded people who had experienced any
outcome up to that point. Secondly, pacemaker dependency was defined according to
underlying natural heart rate and did not, for example, take chronotropic incompetence into
account.

The occurrence of episodes of transient atrial fibrillation was a risk factor for total mortality in
MOST (Hazard Ratio 2.48, Cl 1.25, 4.91, P=0.009). In PASE, mortality was higher in
individuals with atrial fibrillation (relative risk of death 1.35 (CI not reported)) but this
relationship was non significant (p=0.39).

No significant differences in mortality by pacing mode were found in PASE according to
underlying diagnosis (AVB or SSS). In individuals with SSS, there was 12% mortality on
dual chamber pacing and 20% in ventricular mode (P=0.09). The corresponding proportions
for AVB were 17% on dual chamber pacing and 15% in ventricular mode (P=0.41).

[CiC removed —detailed information on subgroup analysis conducted in the UKPACE trial].
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4.4.2

Stroke

A small proportion of individuals suffered strokes during the parallel RCTs: a total of 2.4%
(56/2311) of individuals with dual chamber and 2.7% (72/2674) with ventricular pacemakers.
[CiC data from the UKPACE study has been excluded].

Table 18: Stroke. RCTs of dual chamber vs. ventricular pacemakers
Dual chamber | Ventricular Relative measure of | Cl p Value
effect
MOST 4% 4.9% HR =0.82 (0.54-1.25) 0.36
Adj HR = 0.81 (0.54,1.23) |0.33
PASE 41203 (2%)* | 7/204 (3.4%)* RR = 0.57 - 0.54
CTOPP 11/1094 (1%) |16/1474 (1.1%) |RR=0.96 - -
UKPACE® CiC removed | CiC removed CiC removed CiC removed | CiC removed

HR = Hazard ratio, A
&From Stambler et al

E,'é HR=Adjusted hazard ratio, RR = Relative Risk, Cl = Confidence Interval

There was no significant difference in incidence of stroke in individual trials. The pooled odds
ratio of stroke was in favour of dual chamber pacing but was not statistically significant (OR
= 0.80 CI (0.62, 1.04), p=0.10, Figure 10).

Figure 9: Pooled Odds Ratio, Stroke
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CTORP 21.32 0.93 [0.43, E.00]
Total (95% < 100,00 0.8l [0.57, 1.18]
Total everts: 56 (Dual chamber), 72 (Ventricular)
Test for heterogeneity: Chi* = 043 df = 2(P =0.80), F=0%
Test for overall effect £ =114 (P =0.25)
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Figure 10: Pooled Odds Ratio, Stroke, TIA or thromboembolism, including UKPACE

[This figure has been exluded due to the confidential nature of the UKPACE study]
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The study by Greenspon and colleagues® analysed predictors of stroke in MOST. The main
predictors identified were: prior stroke or transient ischemic attack, Caucasian race,
hypertension, prior systemic embolism and New York Heart Association functional class lll
or IV (p < 0.05). This study found that atrial fibrillation was a risk factor for stroke after
adjustment for these predictors (Hazard Ratio = 1.68 (Cl 1.02 - 2.76) p=0.042), whilst pacing
mode remained non-significant after adjustment.

Subgroup analyses were conducted on stroke by pacemaker dependency in CTOPP®’ and
by underlying disease (SSS or AVB) in PASE.* In CTOPP, no difference was found
according to pacemaker dependency, with strokes occurring in 1% of pacemaker dependent
participants on physiological and 0.9% on ventricular pacing. In non-pacemaker dependent
individuals, stroke occurred in 0.7% (physiological) and 0.9% (ventricular).

No difference in rates of stroke was found by underlying disease in PASE, with 1% of
individuals paced with dual chamber reporting stroke and 2% in ventricular pacing. Rates
for individuals with AVB were similar, 1% in dual chamber pacing and 3% in ventricular
pacing.

443 Atrial fibrillation

Atrial fibrillation was most frequently observed in MOST and least common in CTOPP (Table
19).

Atrial fibrillation was significantly reduced with dual chamber in MOST and CTOPP. No
significant reduction was reported in PASE. Overall, the incidence of atrial fibrillation was
significantly lower in dual chamber (13.4%, 310/2311) compared with ventricular
pacemakers (15.1%, 405/2674). The odds ratio for atrial fibrillation was 0.80 (95% CI,0.69,
0.93) including UKPACE (Figure 12) favouring dual chamber pacing (z=2.97, p=0.003).
[CiC data from the UKPACE study has been excluded].

Table 19: Atrial fibrillation. RCTs of dual chamber vs. ventricular pacemakers

Trial Dual chamber Ventricular Relative measure of Cl p Value
effect
MOST 21.40% 27.10% HR 0.79 (0.66-0.94) p=0.008
Adj HR 0.77 (0.64 0.92)
CTOPP 58/1094 97/1474 RR reduction (0.3-32.6%) p<0.05
(5.3% annual rate) | (6.60% annual rate) -18% Total (5.5 43.6)
- 27.1% annual rate
PASE 35/203 (17%) 38/204 (19%) p=0.8
17% (Cumulative 18% (Cumulative
incidence, KM) incidence, KM)
UKPACE CiC removed) CiC removed) CiC removed) Cic Cic
removed) removed)

HR = Hazard ratio, Adj HR=Adjusted hazard ratio, RR = Relative Risk, Cl = Confidence Interval , KM = Kaplan

Mayer

[CiC removed — detailed information on the incidence of AF in the UKPACE triall.
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The long-term follow-up on CTOPP®® was published after the initial searches for this report.
The short-term findings were confirmed, with significantly reduced atrial fibrillation in the dual
chamber arm. The reduction was reported in people with AVB and SSS.

The detection of significantly decreased rates of atrial fibrillation for dual chamber in MOST
compared to the other trials may be explained by:

(a) Atype Il error in the other trials. MOST had more power to detect a change than
PASE.

(b) Previous history of AF. MOST had a higher proportion of people with a previous
history of AF and therefore higher risk of experiencing AF in future than CTOPP

(c) Underlying cause of bradycardia. Risk of AF may be higher where the conduction in
the atrium is preserved. MOST included only people with SSS, while 60-70% of
people in CTOPP and PASE [CiC removed — data from the UKPACE trial] had AVB.

It is likely that all these factors are likely to be operating. Other prognostic factors, such as
degree of atrial dilation, may also be important but information is lacking in the trial reports
considered in this assessment.

In conclusion, dual chamber pacing reduces atrial fibrillation during a period of three years
after initial implant. However, sustained benefit in the longer term is uncertain and may be
difficult to assess in the elderly. This is because long-term comparison may be affected by
high loss to follow-up, and in addition by higher expected rates of mortality in these
recipients.

Figure 11: Pooled Odds Ratio, Atrial fibrillation
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Figure 12: Pooled Odds Ratio, Atrial fibrillation including UKPACE

[This figure has been exluded due to the confidential nature of the UKPACE study]

Predictors for chronic atrial fibrillation were investigated in CTOPP by Skanes and
colleagues.® Their study was based on a re-analysis of data from all participants, classified
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according to whether they developed chronic atrial fibrillation during follow-up, and
concluded that physiologic pacing significantly reduces the burden of chronic atrial
fibrillation. The study looked at main predictors of chronic atrial fibrillation in individuals
paced for SSS and AVB. These were ventricular mode (annual rate 3.84% vs. 2.8%
physiological, p=0.016) presence of sino-atrial node disease (annual rate 5.66% vs. 1.86%
individuals without SAN, p<0.001) and prior atrial fibrillation (annual rate 9.64% vs. 2.04%
individuals without atrial fibrillation, p<0.001). Age failed to reach significance (3.83%
individuals equal or older than 74 years vs. 2.95% younger than 74, p=0.057). Annual rates
of chronic atrial fibrillation did not differ by other participants’ characteristics (Prior Ml,
hypertension, diabetes and left ventricular function).

There is conflicting evidence on the direction of benefits by underlying cause of bradycardia.
In PASE there was a non-significant difference in atrial fibrillation among those on ventricular
pacing according to underlying diagnosis (28% SSS vs. 11% AVB). In the dual pacing arm a
smaller, and also non-significant difference was shown (19% SSS vs. 16% AVB). [CiC
removed — comment on the UKPACE trial removed] However, atrial fibrillation is reduced in
both SSS and AVB subgroups in CTOPP.

Sweeney and colleagues® examined the characteristics of individuals with atrial fibrillation
by pacemaker dependency in MOST. The number of people with continuous pacing was
higher in dual chamber (50% were paced in the ventricle for 90% of the time or more) than in
ventricular mode (20%). The risk of atrial fibrillation was increased in individuals paced up to
80%-85% of the beats. Atrial fibrillation increased by 1% (CI 0.2%, 1.8%, p=0.01) for dual
and 0.7% for ventricular (Cl 0%, 1.4% p=0.04) for each increase of 1% in cumulative percent
ventricle beats paced.

In the same trial, Glotzer and colleagues™ found that the presence of any episode of
transient atrial fibrillation was an independent predictor of atrial fibrillation (Hazard Ratio
5.93, ClI (2.88, 12.2), p<0.001).

Tang and colleagues®” (CTOPP) investigated the impact of pacemaker dependency on atrial
fibrillation. AF was higher in ventricular pacing, both in individuals dependent on
pacemakers (7.3% annual rate) and in non-pacemaker dependent individuals (5.2% annual
rate) compared to 4.6% in physiological pacing regardless of pacemaker dependency.
Physiological pacing was associated with a risk reduction of 35.3% (CI 12%, 53%) in
pacemaker-dependent individuals and of 16.2% (Cl —22%, 43%) in non-pacemaker
dependent individuals. However these differences were non-significant (p=0.22).
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444 Heart failure

Heart failure was reported in MOST and CTOPP (Table 20). These trials reported
hospitalisation rates. [CiC removed — information on the reporting of heart failure in

UKPACE

The overall incidence of heart failure was 6.5% (138/2108) for dual chamber and 7.1%
(175/2470) for ventricular pacing. MOST was the only study to detect significant differences
in heart failure by mode (Adjusted HR = 0.73). [CiC data from the UKPACE study has been
excluded]. However pooled results did not reveal differences by mode (Odds ratio 0.83 (Cl
0.66, 1.05) z=1.56, p=0.118) .

Table 20: Heart Failure: RCTs of dual chamber vs. ventricular pacemakers

Trial Dual chamber Ventricular Effect Cl p Value
MOST 10.30% 12.30% HR =0.82 (0.63 1.06) p=0.13
AdjHR =0.73 (0.56 0.95) p=0.02
CTOPP 34/1094 52/1474 RR reduction (18.5-28.3%) p=0.52
3.1% Annual rate 3.50% Annual -7.9%
rate
UKPACE CiC removed CiC removed CiC removed CiC removed CiC removed

HR = Hazard ratio, Adj HR=Adjusted hazard ratio, RR = Relative Risk, Cl = Confidence Interval
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Figure 13: Pooled Odds Ratio, Heart failure
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Figure 14: Pooled Odds Ratio, Heart failure, including UKPACE

[This figure has been exluded due to the confidential nature of the UKPACE study]

Sweeney and colleagues® looked at the impact of pacemaker dependency on progression
to heart failure in MOST. Heart failure increased with the proportion of beats paced. For
non-dependent individuals (paced less than 40% of beats) dual chamber was a risk factor for
heart failure (Hazard ratio 1.54, Cl 1.01, 2.36, p=0.046). The risk increased with dependency
(Hazard ratio 2.6, Cl 1.05-6.47, p=0.04) for individuals paced 40% to 80% of total beats. For
individuals paced more than 80% of beats, the risk of developing heart failure with dual
chamber pacing was constant whilst it was increased for ventricular pacing (Hazard ratio 2.5,
Cl 1.44, 4.36 p<0.0012).

Tang and colleagues®’ found no differences in the incidence of heart failure by pacemaker
dependency in CTOPP. Rates of heart failure were similar for individuals with heart rate
lower or higher than 60 b.p.m. (lower, 2.8% for both modes, relative risk reduction = 0.9 (Cl
—51, 35); higher, physiological 2.6% vs. ventricular 2.4%, relative risk difference —13.3, Cl (-
88, 32) p=0.71).

445 Composite outcomes

The four parallel group RCTs also considered composite outcomes. Studies may have
higher power to detect differences by pacing mode using such outcomes, due to higher
incidence of events. In this context composite outcomes may provide additional information
on the validity of single outcomes. However, one study, CTOPP, was powered on the
composite outcome of cardiovascular deaths and stroke, reported in this section and in
Table 21 below.

MOST and PASE considered combined all-cause death, first non-fatal stroke, first
hospitalisation for heart failure, and a second composite outcome for all-cause death and
stroke. CTOPP considered combined cardiovascular deaths and stroke. [CiC removed —
data on composite outcomes considered in UKPACE]
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In MOST, the main composite endpoint was significantly better for dual chamber pacing
(HR=0.85, CI (0.72, 1), p=0.05). This result was largely driven by heart failure, which
occurred in 12.3% (ventricular) and 10.3% (dual chamber). The composite outcome of
death and stroke was non significant (Adj HR = 0.91, CI (0.75, 1.1), p = (0.32). Death
occurred in 20% and stroke in 4% of the total population in this trial.

In PASE, 27% and 22% of the population reached the primary composite endpoint with dual
and ventricular pacing respectively. There was no difference in the composite incidence of
death and stroke (19% dual and 17% ventricular, p=0.75). PASE was probably
underpowered to detect significant differences in single clinical endpoints, since its main
power calculation was conducted quality of life.

MOST provided a series of sub-analyses of combined endpoints by pacing mode.
Participant characteristics considered were gender, age, race and history of supra-
ventricular tachycardia. No significant differences were reported for any of the subgroups
studied (Table 21).

Subgroup analyses were conducted by underlying pacing indication in PASE, with higher
total incidence of deaths, heart failure, atrial fibrillation or stroke for ventricular pacing. The
difference was greater for people with SSS but not statistically significant. The composite of
death and stroke was higher in ventricular mode for the SSS group only, with no differences
reported for the AVB group. These differences were also not statistically significant.

There were no differences in combined cardiovascular deaths and stroke in CTOPP (4.9%
dual vs. 5.5% ventricular). The relative risk of reaching the composite endpoint by pacing
mode was calculated for subgroups defined by age, gender, presence of Ml or documented
CAD, left-ventricular function, SAN disease, AV node block, third-degree heart block, prior
atrial fibrillation or prior stroke, anticoagulants, antiarrhythmic therapy. All differences were
non-significant (Table 21)

[CiC removed — UKPACE results of composite outcomes]
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Table 21: Composite endpoints: RCTs of dual chamber vs.

single chamber ventricular pacemakers

Endpoint Subgroups MOST CTOPP PASE UKPACE
Dual Ventricula | Relative measures (o] Dual Ventricular P Value | Dual chamber | Ventricular P Dual Ventricular
chamber r of effect chamber Value chamber
Combined all-cause death, All sample 27.6% 29.9% HR 0.9 (0.77 1.06) 44 (22%) 56 (27%) 0.18
first non_—fatgl stroke, first Adj HRO.85 (0.721)
?;E’?ga"sa“on for heart SSS 18/90 (20%) | 26/85 (31%) | 0.07
AVB 21/99 (21%) 27/102 (26%) | 0.49
Men (n=1055) 0.91 (0.73 1.15)
Women (n=955) 0.89 (0.71 1.13)
>=75 years (n=987) 0.97 (0.79 1.21)
<75 years (n=1023) 0.83 (0.65 1.07)
White (n=1704) 0.88 (0.73 1.05)
Non-white (n=306) 1 (0.68 1.46)
History of supraventricular tachycardia 0.92 (0.74 1.14)
(n=1059)
No history of supraventricular tachycardia 0.88 (0.69 1.13)
(n=951)
Combined all-cause death All sample 21.5% 23% 0.93 (0.78 1.13) 35 (17%) 39 (19%) 0.75
and stroke 0.91 (0.751.1)
SSS 12 (13%) 19 (22%) 0.11
AVB 18 (18%) 18 (18%) 0.69
Combined cardiovascular All sample (%) 4.9% 5.5%
death and stroke
Subgroups Hazard ratio | Hazard Ratio
Age, <74 [ >=74 0.65 1.00 P=0.054
Sex, male / female 0.98 0.84 P=0.52
MI or documented CAD, yes / no 0.89 0.91 P=0.9
LVF, normal / abnormal 0.93 0.84 P=0.61
SAN disease, y/n 1.09 0.78 P=0.1
AV node block, Y/N 0.82 1.02 P=0.29
Atrial Fibrillation, Y/N 0.97 0.89 P=0.72
Stroke, Y/N 0.74 0.94 P=0.38
Anticoagulant therapy, Y/N 0.79 0.92 P=0.6
Antiarrhythmic therapy, Y/N 0.81 0.92 P=0.66
3rd degree heart block, Y/N 0.87 0.94 P=0.74
Cardiovascular deaths, CiCc Cic
resuscitated cardiac arrest, removed removed
AF, hospitalisation for heart
failure MI or angina, stroke,
re-operation.




4.4.6 Exercise and effort tolerance

Effort tolerance was measured in 20 crossover trials. None of the parallel group trials
reported this outcome. Measurement of physical performance and exercise capacity was
reported in 19 crossover trials. In addition, six trials reported a measure of subjectively
perceived effort tolerance.

Effort was measured in conducting ordinary activities such as walking, climbing stairs and
bicycle riding, with the use of instruments including the six-minute walking test, symptoms-
limited bicycle ergometer, stairs climbing, treadmill and chair stand-up tests. Treadmill and
bicycle ergometer tests were conducted under maximal performance, with participants to the
studies asked to exercise until symptoms intervened and tests had to be stopped. At this
point resistance (exercise duration) was recorded. In some trials effort was measured in
workload or energy units obtained. In other studies, a measure of performance was
obtained for activities carried out by participants with effort below maximum possible strain,
within an allotted time for the exercise (humber of stairs climbed, length walked). The
description of the instruments is reported in Table 22. Table 23 shows the results from trials.



Table 22: Instruments and measurement of exercise capacity, dual chamber vs. ventricular pacing.

Study

Instrument

Exercise capacity, indicators

Avery (1994)>®

6 minutes walking test

Total distance, number of stops, reasons for stopping

Stairs climbing

Time taken to climb 2 flights

Capucci (1993)™

Bicycle ergometer, symptom limited

Workload achieved in last completed step

Channon (1994)%

6 minutes walking test

Total distance (25 metres per slot)

Stairs climbing

Time taken to climb 1 flight (26 steps)

Borg Score, 6 (no difficulty) to 20 (very hard)

Perceived exertion

Davis (1985)°"

Treadmill exercise, Maximal, Bruce protocol

Exercise duration

Deharo (1996)*

Treadmill exercise, Maximal, Haughton protocol

Exercise duration, maximum workload

Hargreaves (1995)*

6 minutes walking test

Total number lengths (25 metres) or number lengths walked before stopping

Stairs climbing

Time taken to climb 2 flights (26 steps each)

Borg Score, 6 (no difficulty) to 20 (very hard)

Perceived exertion

Chair stand-up

Number of ups and downs

Jordaens (1988)°

Bicycle ergometer, symptom limited

Exercise duration

Kamalvand (1997)*

VAS, Treadmill, graded exercise

Perceived exercise capacity, Exercise duration

Kenny (1986)>

Bicycle ergometer, symptom limited

Exercise workload (kpm)

Kristensson (1985)*°

Bicycle ergometer, symptom limited

Exercise workload

Borg Score, 6 (no difficulty) to 19 (very hard)

Perceived exertion

Linde-Edelstam
(1992)%

Treadmill exercise, sub-maximal

Exercise time to Borg score 5

Borg Score, 6 (no difficulty) to 19 (very hard)

Perceived exertion

Menozzi (1990)%

Bicycle ergometer, symptom limited

Total Workload (Observer not blinded in this test)

Mitsuoka (1988)>

Bicycle ergometer, symptom limited

Exercise workload (watts)

Oldroyd (1991)™

Treadmill exercise, Maximal

Exercise duration

Perrins (1983)""

Bicycle ergometer, symptom limited

Exercise workload (kpm)

Rediker (1988)"

Exercise study (not specified) symptoms limited

Exercise duration (data for patients unable to exercise were excluded)

Saner and Fricker
(1996)"

Treadmill exercise, Maximal

Exercise duration

Sulke (1991)™

VAS, Treadmill, graded exercise

Perceived exercise capacity, Exercise duration

Sulke (1992)"

VAS, Treadmill, graded exercise

Perceived exercise capacity, Exercise duration

Sulke (1994)"

VAS

Perceived exercise capacity

Yee (1984)"

Treadmill exercise, Maximal, Bruce protocol

Exercise duration




A meta-analysis was conducted for results reported in all trials. Dual chamber pacing was
associated with a standardised mean improvement in exercise performance of 0.35 (Cl
0.17, 0.52, p<0.0001).

Figure 15: Meta-analysis of exercise capacity: crossover trials

Qutcome; 12 Exercize capacity, all studies
Study SMD (rancorm) Wigight SMD (random])
or sub-category 95% | W 95% Cl
Linde-Edelstamm —I E.14
Sulke (19911 —— &.22
Deharo + £.37
hitzuoks -1 4,91
Kenny — 3.36
Channon — 4,30
henozzi —— 4,42
Kamalvand 1= 10,11
Jordsens 1= L£.33
Heargreaves —= E.78
Davis e e 4. 35
Kristenzzon = 9.54
Perrins - 4.07
Avery = 4. .08
Wee —_1— Z.87
Saner and Fricker -+ 3.78
Capucci T 4.23
Oldrayd —= 2.10
Rediker —s 4.87
Sulke (1992) _— 3,78
Tatal (95% CI 4 10000 0.35 [0.17, 0.52)]
Test for heterogenety: Chi*=2501, df =19 (P =019), P =24.0%
Test for overall effect =391 (P = 00001)

\ ' | |
-4 -2 2 4
Favours vertricular  Favours dual

[=1

However, some (non statistically significant) heterogeneity was found across studies
(p=0.16). An exploration of the possible sources of variation was conducted, with
stratification by pacing mode, age of recipients and outcome measure used.

There were variations in the type of ventricular pacing mode (7 studies included rate
response®#83:e7e870:73:78) and in the type of dual chamber pacing mode considered, with 4
