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Abstract

Systematic review and modelling of the cost-effectiveness
of cardiac magnetic resonance imaging compared

with current existing testing pathways in

ischaemic cardiomyopathy

Fiona Campbell,’ Praveen Thokala,' Lesley C Uttley,’ Anthea Sutton,’
Alex J Sutton,?2 Abdallah Al-Mohammad?3 and Steven M Thomas'-3*

School of Health and Related Research (SCHARR), University of Sheffield, Sheffield, UK
2Department of Health Sciences, University of Leicester, Leicester, UK
3Sheffield Teaching Hospitals, Sheffield, UK

*Corresponding author

Background: Cardiac magnetic resonance imaging (CMR) is increasingly used to assess patients for
myocardial viability prior to revascularisation. This is important to ensure that only those likely to benefit
are subjected to the risk of revascularisation.

Objectives: To assess current evidence on the accuracy and cost-effectiveness of CMR to test patients
prior to revascularisation in ischaemic cardiomyopathy; to develop an economic model to assess
cost-effectiveness for different imaging strategies; and to identify areas for further primary research.

Data sources: Databases searched were: MEDLINE including MEDLINE In-Process & Other Non-Indexed
Citations Initial searches were conducted in March 2011 in the following databases with dates: MEDLINE
including MEDLINE In-Process & Other Non-Indexed Citations via Ovid (1946 to March 2011); Bioscience
Information Service (BIOSIS) Previews via Web of Science (1969 to March 2011); EMBASE via Ovid (1974 to
March 2011); Cochrane Database of Systematic Reviews via The Cochrane Library (1996 to March 2011);
Cochrane Central Register of Controlled Trials via The Cochrane Library 1998 to March 2011; Database of
Abstracts of Reviews of Effects via The Cochrane Library (1994 to March 2011); NHS Economic Evaluation
Database via The Cochrane Library (1968 to March 2011); Health Technology Assessment Database via
The Cochrane Library (1989 to March 2011); and the Science Citation Index via Web of Science (1900 to
March 2011). Additional searches were conducted from October to November 2011 in the following
databases with dates: MEDLINE including MEDLINE In-Process & Other Non-Indexed Citations via Ovid
(1946 to November 2011); BIOSIS Previews via Web of Science (1969 to October 2011); EMBASE via Ovid
(1974 to November 2011); Cochrane Database of Systematic Reviews via The Cochrane Library (1996 to
November 2011); Cochrane Central Register of Controlled Trials via The Cochrane Library (1998 to
November 2011); Database of Abstracts of Reviews of Effects via The Cochrane Library (1994 to November
2011); NHS Economic Evaluation Database via The Cochrane Library (1968 to November 2011); Health
Technology Assessment Database via The Cochrane Library (1989 to November 2011); and the Science
Citation Index via Web of Science (1900 to October 2011). Electronic databases were searched
March—-November 2011.

Review methods: The systematic review selected studies that assessed the clinical effectiveness and
cost-effectiveness of CMR to establish the role of CMR in viability assessment compared with other
imaging technigues: stress echocardiography, single-photon emission computed tomography (SPECT) and
positron emission tomography (PET). Studies had to have an appropriate reference standard and contain
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accuracy data or sufficient details so that accuracy data could be calculated. Data were extracted by

two reviewers and discrepancies resolved by discussion. Quality of studies was assessed using the

QUADAS Il tool (University of Bristol, Bristol, UK). A rigorous diagnostic accuracy systematic review assessed
clinical and cost-effectiveness of CMR in viability assessment. A health economic model estimated costs
and quality-adjusted life-years (QALYs) accrued by diagnostic pathways for identifying patients with viable
myocardium in ischaemic cardiomyopathy with a view to revascularisation. The pathways involved CMR,
stress echocardiography, SPECT, PET alone or in combination. Strategies of no testing and revascularisation
were included to determine the most cost-effective strategy.

Twenty-four studies met the inclusion criteria. All were prospective. Participant numbers ranged
from 8 to 52. The mean left ventricular ejection fraction in studies reporting this outcome was 24-62%.
CMR approaches included stress CMR and late gadolinium-enhanced cardiovascular magnetic resonance
imaging (CE CMR). Recovery following revascularisation was the reference standard. Twelve studies
assessed diagnostic accuracy of stress CMR and 14 studies assessed CE CMR. A bivariate regression model
was used to calculate the sensitivity and specificity of CMR. Summary sensitivity and specificity for stress
CMR was 82.2% [95% confidence interval (Cl) 73.2% to 88.7%] and 87.1% (95% Cl 80.4% to 91.7%)
and for CE CMR was 95.5% (95% Cl 94.1% to 96.7%) and 53% (95% Cl 40.4% to 65.2%) respectively.
The sensitivity and specificity of PET, SPECT and stress echocardiography were calculated using data from
10 studies and systematic reviews. The sensitivity of PET was 94.7% (95% Cl 90.3% to 97.2%), of SPECT
was 85.1% (95% Cl 78.1% to 90.2%) and of stress echocardiography was 77.6% (95% Cl 70.7% to
83.3%). The specificity of PET was 68.8% (95% Cl 50% to 82.9%), of SPECT was 62.1% (95% CI 52.7%
to 70.7%) and of stress echocardiography was 69.6% (95% Cl 62.4% to 75.9%). All currently used
diagnostic strategies were cost-effective compared with no testing at current National Institute for Health
and Care Excellence thresholds. If the annual mortality rates for non-viable patients were assumed to be
higher for revascularised patients, then testing with CE CMR was most cost-effective at a threshold of
£20,000/QALY. The proportion of model runs in which each strategy was most cost-effective, at a
threshold of £20,000/QALY, was 40% for CE CMR, 42% for PET and 16.5% for revascularising everyone.
The expected value of perfect information at £20,000/QALY was £620 per patient. If all patients (viable or
not) gained benefit from revascularisation, then it was most cost-effective to revascularise all patients.

Definitions and techniques assessing viability were highly variable, making data extraction
and comparisons difficult. Lack of evidence meant assumptions were made in the model leading to
uncertainty; differing scenarios were generated around key assumptions.

All the diagnostic pathways are a cost-effective use of NHS resources. Given the
uncertainty in the mortality rates, the cost-effectiveness analysis was performed using a set of scenarios.
The cost-effectiveness analyses suggest that CE CMR and revascularising everyone were the optimal
strategies. Future research should look at implementation costs for this type of imaging service, provide
guidance on consistent reporting of diagnostic testing data for viability assessment, and focus on the
impact of revascularisation or best medical therapy in this group of high-risk patients.

The National Institute of Health Technology Assessment programme.
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Glossary

Clinical terms

Coronary artery disease A condition in which an atheromatous plaque builds up inside the coronary
artery, leading to narrowing of the arteries, which may be sufficient to restrict blood flow and cause
myocardial ischaemia.

Gadolinium-enhanced cardiovascular magnetic resonance imaging A technique that can visualise
both transmural and subendocardial scarring caused by previous myocardial infarction. Enables accurate in
vivo visualisation of the transmural distribution of myocardial scarring.

Ischaemia Insufficient blood supply for the needs of a part of the body, in this case the heart muscle,
as a result of blockage or narrowing of the blood vessels supplying that part.

Left ventricular dysfunction A common form of heart disease that occurs when the left ventricle

starts to lose its ability to pump blood. This impairment of the functioning of the left ventricle is described
as left ventricular dysfunction. Systolic dysfunction reflected in a low ejection fraction (< 50%) is a major
cause of left ventricular dysfunction. Left ventricular dysfunction is an important determinant of overall
outcome for those who are to undergo revascularisation. Improvement in the contraction of dysfunctional
myocardium and in function after revascularisation is considered the gold standard for viability.

Left ventricular ejection fraction The calculated proportion of the volume of blood in the ventricle at
the end of diastole that is ejected during systole and is expressed as a percentage.

Myocardial hibernation Hibernating myocardium describes a state of persistently impaired myocardial
contraction at rest as a result of reduced coronary blood flow. The contraction of the hibernating
myocardial segments can be partially or completely restored to normal if the myocardial oxygen supply/
demand relationship is favourably altered, either by improving blood flow and/or reducing demand.

Stress echocardiography for the detection of myocardial viability and hibernation This technique
for detecting myocardial hibernation requires pharmacological stress usually with an inotrope
(dobutamine) or a vasodilator (typically, dipyridamole). Viability on stress echocardiography is determined
by the presence of stress-induced contractile reserve. With increasing doses of dobutamine, viable

tissue exhibits a biphasic response with improved contractility at low doses (5-0 pg/kg per minute) and
regression to abnormal wall motion at higher doses (> 15 pg/kg per minute). Dipyridamole leads to
transiently increased coronary flow, which leads to improved contractility in viable myocardium.

Viability assessment An assessment of the myocardial muscle to ascertain whether the muscle has
undergone necrosis and scarring (non-viable), is viable and functioning normally, or viable and potentially
hibernating (in which case revascularisation may result in improved muscle function).
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GLOSSARY

Diagnostic accuracy terms

False negative A test result which indicates that a person does not have the disease when that person
actually does have the disease.

False positive A test result which indicates that a person does have the disease when that person actually
does not have the disease.

Index test New diagnostic test under examination.

Reference standard Established test(s) against which the accuracy of a new test for detecting a particular
condition can be evaluated.

Sensitivity (true-positive rate) The proportion of individuals with the target condition who are correctly
identified by the index test.

Specificity (true-negative rate) The proportion of individuals free of the target condition who are
correctly identified by the index test.

True negative A person or segment without the disease correctly identified as negative by the index test.

True positive A person or segment with the disease correctly identified as positive by the index test.

NIHR Journals Library www. journalslibrary.nihr.ac.uk
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Plain English summary

ore than 700,000 patients over the age of 45 years in the UK have heart failure (HF) (a poorly

functioning heart causing shortness of breath and inability to exercise). When assessing these
patients the challenge is to identify those with narrow arteries of the heart who will benefit from having
the blood supply restored. Cardiac magnetic resonance imaging (CMR) can be used as an alternative to
other imaging tests to assess if heart muscle is likely to benefit from restored blood supply.

This review looked at the evidence from clinical trials of the accuracy of CMR to identify those patients
with HF likely to benefit from surgery or balloon and stent treatment. Twenty-four studies on CMR showed
that CMR is an accurate way to look for this. These results were compared with the results for other
imaging tests that can also be used. The results were then used in a computer model to assess if the use
of CMR in these patients would be good value for money, that is, is it cost-effective compared with the
other tests. All the methods of testing were good value for money. In the model some assumptions had to
be made and, depending on these, it was either best to test patients using one method of CMR, contrast
enhanced (CE) CMR or to treat all patients regardless of the imaging test results. More research is required
to help make this type of study easier to perform and the results more robust.
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Scientific summary

Background

Patients with coronary artery disease (CAD) can present with myocardial infarction (M), while others may
develop heart failure (HF), either primarily or following MI. Some patients with HF, as a result of CAD,
have poor left ventricular contraction because of ischaemia, and some will have irreversibly damaged heart
muscle that has been scarred by infarction, and will not benefit from revascularisation. Others will have
heart muscle that is not scarred but functioning poorly because of ischaemia, which may respond to
revascularisation with improved function, and are labelled as viable and potentially hibernating.

The aim of viability assessment is to identify those patients in whom revascularisation is worthwhile,
targeting those with viable and hibernating myocardium and avoiding intervention on those with scarred
non-viable myocardium.

Assessment for viability can be done using a variety of techniques: stress echocardiography, single-photon
emission computed tomography (SPECT), positron emission tomography (PET) and cardiac magnetic
resonance imaging (CMR).

Objectives

This report aimed to assess the current evidence on the clinical accuracy and cost-effectiveness of the
use of CMR in viability assessment for patients being considered for revascularisation to treat ischaemic
cardiomyopathy, develop an economic model to assess cost-effectiveness for different imaging strategies
and to identify areas for further primary research.

Data sources

Initial searches were conducted in March 2011 in the following databases with dates: MEDLINE including
MEDLINE In-Process & Other Non-Indexed Citations via Ovid (1946 to March 2011); Bioscience Information
Service (BIOSIS) Previews via Web of Science (1969 to March 2011); EMBASE via Ovid (1974 to March
2011); Cochrane Database of Systematic Reviews via The Cochrane Library (1996 to March 2011);
Cochrane Central Register of Controlled Trials via The Cochrane Library 1998 to March 2011; Database of
Abstracts of Reviews of Effects via The Cochrane Library (1994 to March 2011); NHS Economic Evaluation
Database via The Cochrane Library (1968 to March 2011); Health Technology Assessment Database via
The Cochrane Library (1989 to March 2011); and the Science Citation Index via Web of Science (1900 to
March 2011). Additional searches were conducted from October to November 2011 in the following
databases with dates: MEDLINE including MEDLINE In-Process & Other Non-Indexed Citations via Ovid
(1946 to November 2011); BIOSIS Previews via Web of Science (1969 to October 2011); EMBASE via

Ovid (1974 to November 2011); Cochrane Database of Systematic Reviews via The Cochrane Library
(1996 to November 2011); Cochrane Central Register of Controlled Trials via The Cochrane Library

(1998 to November 2011); Database of Abstracts of Reviews of Effects via The Cochrane Library (1994 to
November 2011); NHS Economic Evaluation Database via The Cochrane Library (1968 to November 2011);
Health Technology Assessment Database via The Cochrane Library (1989 to November 2011); and the
Science Citation Index via Web of Science (1900 to October 2011). Relevant conference proceedings were
searched via the Web of Science Conference proceedings citation index. The review team also contacted
experts in the field and scrutinised the bibliographies of retrieved papers to identify relevant evidence.
Searches were conducted from March to November 2011.
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A systematic review was performed according to the recommendation of the Preferred Reporting Items for
Systematic Reviews and Meta-Analysis (PRISMA) statement. We assessed the clinical effectiveness and
cost-effectiveness of CMR to establish the role of CMR in viability assessment compared with other
imaging techniques (stress echocardiography, SPECT and PET).

The population considered comprised adults with CAD and left ventricular (LV) dysfunction who were
potential candidates for revascularisation, to improve LV function. Studies had to have an appropriate
reference standard, contain accuracy data (sensitivity, specificity, positive and negative predictive values)
or sufficient details so that accuracy data could be calculated. Outcomes included accuracy data derived
using different reference standards, with differing thresholds for determining viability. Criteria to define
presence or absence of viable myocardium included improvement in wall motion, improvement in regional
and global LV function, improvement in clinical symptoms, and reverse LV remodelling.

Data were extracted by two reviewers and discrepancies resolved by discussion. Quality of studies was
assessed using the QUADAS Il (quality assessment of diagnostic accuracy studies; University of Bristol,
Bristol, UK) tool. The data extracted were synthesised and subjected to sensitivity analysis using STATA
(2006 release 9.0; Stata Corporation, College Station, TX, USA).

A health economic model was constructed to compare diagnostic pathways for patients with ischaemic
cardiomyopathy from an NHS perspective. The model was developed to estimate the costs and
quality-adjusted life-years (QALYs) accrued by each potential diagnostic pathway for identifying

patients with viable myocardium with a view to revascularisation. The pathways involved using stress
echocardiography, late gadolinium-enhanced cardiac magnetic resonance imaging (CE CMR), stress
cardiac magnetic resonance imaging (stress CMR), SPECT, PET to identify patients for revascularisation.
A no-testing strategy and a revascularise everyone strategy were also included. Costs and benefits were
discounted at an annual discount rate of 3.5%. The aim was to determine the optimal strategy in terms
of cost-effectiveness.

The Markov model assigned each patient with a yearly probability of death, and, in each year, the patients
who were alive had a risk of HF-related hospitalisations. The risks of death were estimated based on their
subgroup and age using the data from different scenarios. The effect of the revascularisation on mortality
was assumed to last a period of 5 years and, after this, the data from the general population were used.
Each patient alive accumulated costs and QALYs every year based on his or her hospitalisation and
subgroup. The model used a 40-year time horizon and the economic perspective of the model was the
NHS in England and Wales. Scenario analyses were also performed using different mortality rates.

Cost-effectiveness of the different interventions was estimated using both the incremental
cost-effectiveness ratio (ICER) and net monetary benefit (NMB) approach. This allows the relative value of
different interventions to be compared. The ICER measures the relative value of two strategies, calculating
the additional cost to accrue one additional QALY compared with the alternative. The NMB is defined

as the QALYs multiplied by a value for the QALYs (e.g. £20,000) minus the costs of obtaining them.
Uncertainty around the parameters used in the model (i.e. sensitivity and specificity estimates, mortality
risks, hospitalisation rates, costs and utilities) were incorporated in the modelling by performing
probabilistic sensitivity analysis, whereby the model is rerun (10,000 times), each time with a

different value.

Another measure of uncertainty is the overall expected value of perfect information (EVPI). This estimates
how often making the decision based on current evidence could be wrong and also how many QALYs
(and costs) would be lost by choosing the strategy that is expected to be most cost-effective given current
evidence, when in fact one of the other strategies is truly the most cost-effective. The interpretation of this
number is that if one could fund research to eliminate the uncertainty in mortality risks for different patient
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groups (e.g. by a large or infinitely large clinical trial) then the value of eliminating the uncertainty via such
research would be expected to be the population EVPI.

Results

Twenty-four studies met the inclusion criteria. All of the studies were conducted prospectively and

16 studies reported that patients were recruited consecutively. The included studies were small, with the
number of participants ranging from 8 to 52, with a greater proportion of males included. The mean left
ventricular ejection fraction ranged from 24% to 62% in the included studies reporting this outcome.
CMR approaches included stress CMR and CE CMR. Recovery following revascularisation was used as the
reference standard in all the included studies. Twelve studies assessed diagnostic accuracy of stress CMR
with sensitivity ranging from 50% to 99%, while specificity ranged from 65% to 100%. Fourteen studies
evaluated the accuracy of CE CMR to detect myocardial viability with sensitivity ranging from 86% to
99%, while specificity ranged from 24% to 94%. A bivariate regression model was used to calculate the
sensitivity and specificity of both CMR approaches. Summary sensitivity and specificity for stress CMR
was 82.2% [95% confidence interval (Cl) 73.2% to 88.7%] and 87.1% (95% Cl 80.4% to 91.7%)
respectively. Summary sensitivity and specificity for CE CMR were 95.5% (95% Cl 94.1% to 96.7%)

and 53% (95% Cl 40.4% to 65.2%) respectively. The sensitivity and specificity of PET, SPECT and
echocardiography were also calculated using data from 10 studies and previous published systematic
reviews. The sensitivity of PET was 94.7% (95% Cl 90.3% to 97.2%), of SPECT was 85.1% (95% ClI
78.1% to 90.2%) and of echocardiography was 77.6% (95% Cl 70.7% to 83.3%). The specificity

of PET was 68.8% (95% Cl 50% to 82.9%), of SPECT was 62.1% (95% Cl 52.7 to 70.7%) and of
echocardiography was 69.6% (95% Cl 62.4% to 75.9%). If the annual mortality rates for non-viable
patients are assumed to be higher for revascularised patients than for patients on medical therapy,

then testing with CE CMR, to correctly identify patients most likely to benefit from revascularisation, was
the most cost-effective approach at a threshold of £20,000/QALY, but there is uncertainty involved in
suggesting it as the most cost-effective strategy. The proportion of models runs in which CE CMR

was the most cost-effective strategy (at £20,000 per QALY threshold) was 40%, with PET at 42% and
revascularising everyone at 16.5%. The EVPI at the threshold of £20,000/QALY is £620 per patient.

If it was assumed that all patients (viable or not) gained benefit from revascularisation, then it was most
cost-effective to revascularise all patients. Revascularising everyone was cost-effective in 95.2% of the
proportion of models runs with CE CMR and PET cost-effective in 3.6% and 1.1% of the runs respectively.
This reduction in uncertainty is also reflected in the EVPI of only £28 per patient.

Conclusions

All the diagnostic pathways were a cost-effective use of NHS resources irrespective of the diagnostic
pathway used at current National Institute for Health and Care Excellence thresholds, provided their costs
and diagnostic accuracy are similar to those reported in this analysis. In terms of determining the most
cost-effective strategy, diagnostic parameters and mortality rates of the different subgroups are the key
drivers in the model. Two different scenarios relating the mortality rates were analysed in the model,

this approach was taken to address the uncertainty in the mortality evidence. For decision-makers deciding
which of these presented results are most representative of their setting, the key questions relate to the
effect of revascularising non-viable patients. If one believes patients that are revascularised have lower
mortality rates, even if they do not have viability, then revascularising everyone is the most cost-effective
strategy. If one believes that there is no benefit for revascularising non-viable patients, then CE CMR is
the most cost-effective strategy at a threshold of £20,000/QALY, but there is uncertainty involved in
suggesting it as the most cost-effective strategy.
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SCIENTIFIC SUMMARY

Implementation costs (such as set-up costs, staff training costs, costs for running of diagnostic services)
were often missing from the studies in the review. Future studies should provide greater detail of the costs
of reconfiguration and link more clearly with the financial impact (e.g. cost variation with scale and over
time) on provider organisations. Wider adaptation of diagnostic imaging pathways in the NHS can be
facilitated by providing financial impact data along with the cost-effectiveness information.

Consensus on reporting of diagnostic testing data in this clinical area would facilitate comparison of trial
data and data synthesis in the future. Further research using universally agreed methodology of assessment
of viability to answer both the question of testing viability and the impact of revascularisation or best

medical therapy in this group of high-risk patients while remaining a priority, may be difficult to achieve in
clinical practice.

Funding

The National Institute for Health Research Health Technology Assessment programme.
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Chapter 1 Background

n the UK, it is estimated from age-specific incidence rates that there are 38,000 new cases of heart

failure (HF) in men each year and about 30,000 in women, giving an overall new case incidence of
68,000. This incidence rises steeply in the elderly, and with changing demographics incidence is likely
to increase in the next few decades. In terms of prevalence, it is estimated that in 2006 there were
393,000 men over 45 years old with established HF and 314,000 women, giving a total prevalence of
over 700,000." Among these patients, coronary artery disease (CAD) is the major aetiological factor for
left ventricular (LV) systolic dysfunction leading to HF. Regional LV dysfunction in patients with CAD
is an irreversible phenomenon in the presence of scarred tissue, but it could be reversible in case of
stunned or hibernating myocardium.

A common cause of HF is myocardial infarction (MI). There is increasing success in treating Ml with
reduced mortality,? but inevitably this means that more patients survive with severe morbidity post MI.
The prognosis for patients post Ml is related to the extent of myocardial necrosis, preserved viability,
LV dysfunction and degree of stress-induced ischaemia.?

Viable myocardium is defined as myocardial segments with reduced function at rest, but potentially
recoverable either spontaneously (stunned) or with revascularisation when perfusion is reduced
(hibernating myocardium).? The clinical challenge is to identify those patients with CAD and HF with viable
myocardium who have the potential to recover if revascularised and to ensure that these patients are
appropriately treated with surgical or catheter-based coronary intervention, and that those with non-viable
myocardium in the target area for revascularisation are not subjected to unnecessary intervention.

This is particularly important as patients with this condition, often referred to as ischaemic cardiomyopathy,
which is characterised by extensive CAD and diminished LV function, have 5-year survival rates ranging
from 50% to 60%.* Survival decreases as LV ejection fraction (LVEF) decreases, the extent of CAD
increases and patient age increases.® LV dysfunction in patients with ischaemic cardiomyopathy is usually
the result of either myocardial necrosis and scarring or myocardial hibernation.* Recognising the presence
of viable and hibernating myocardium allows targeted revascularisation to potentially improve LV function,
functional capacity and prognosis, though this may only be relevant for patients with severe LV systolic
dysfunction (< 35%).%¢ Therefore, patients post Ml who have poor LV function and symptoms of HF
(ischaemic cardiomyopathy) should be assessed with viability studies. The treatment options are then
medical therapy, revascularisation or heart transplantation. For most patients, however, the choice is
between offering medical therapy alone or with revascularisation. Revascularisation procedures are
associated with an increased risk of perioperative complications so it is important to select appropriate
patients for this intervention. Using positron emission tomography (PET) to detect markers of hibernating
myocardium, the prevalence of the phenomenon in patients with severe LV systolic dysfunction has been
found to be about 55%.” Of those revascularised, between 55% and 60% will show evidence of recovery
in function in the hibernating myocardium.®

The recently published Surgical Treatment for IsChemic Heart failure (STICH) trial® has questioned the
prognostic value of assessing myocardial viability. The trial did not demonstrate any advantage in terms of
survival in the patients evaluated for myocardial viability undergoing revascularisation [coronary artery
bypass graft (CABG)] plus medical therapy compared with medial therapy alone. Diffuse severe disease
may mean that there is no feasible means to achieve revascularisation, and in such cases assessment for
viable myocardium may not be useful. However, there is no convincing evidence that the assessment of
myocardial viability should not be included in the work-up of the chronic HF patient.™
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There are four main imaging methods available to assess for hibernating myocardium:™

1. Positron emission tomography scanning examining the uptake of a number of tracers can be used to
assess perfusion and metabolism in order to demonstrate perfusion—-metabolism mismatch, which is the
hallmark of hibernating myocardium. PET offers assessment of anaerobic and aerobic metabolism
(including glucose use, fatty acid uptake and oxygen consumption). Other PET applications include
assessment of contractile function and neuronal activity.

2. Single-photon emission computed tomography (SPECT) techniques, using thallium-201- or
technetium-99m-labelled tracers, are in clinical practice probably the most commonly used techniques
to assess patients for viable myocardium across the NHS.

3. Echocardiography, which usually means stress echocardiography, is used to produce a dual response
to stress (augmentation followed by reduction of contraction) in an abnormal LV segment as an
indication of hibernating myocardium. More recent techniques include myocardial contrast
echocardiography and tissue Doppler imaging.

4. Cardiac magnetic resonance imaging (CMR). Two main techniques are available: dobutamine stress
cardiac magnetic resonance imaging (stress CMR), which is analogous to stress echocardiography
imaging; and the more recently described and more widely used delayed enhancement CMR technique,
which allows assessment of the distribution of myocardial scar and viable tissue alongside an
assessment of regional myocardial function.

With such a range of techniques available to assess patients with ischaemic cardiomyopathy for viable
myocardium, the technique chosen is often dictated by local availability of equipment and expertise.

It is generally accepted that PET scanning is the most accurate technique, but it is mainly used as a
research tool and is not readily available to all patients. Studies to assess the accuracy of all imaging
techniques to detect viable myocardium have been based on evidence of functional improvement of LV
function either globally or in defined segments following surgery, and on this basis the sensitivity and
specificity of each imaging technique to predict functional improvement have been calculated.’ "

Cardiac magnetic resonance imaging, particularly late gadolinium-enhanced CMR (CE CMR),

is a relatively new technique used to assess patients for viable myocardium.”™"” There are a number

of papers comparing CMR with other techniques in this clinical area, and a more wide-ranging
technology assessment of the role of functional CMR in assessing myocardial perfusion was

performed in Canada.""">"8" Four previous reviews'*?%2? have explored the diagnostic accuracy

of CMR in determining myocardial viability. Three reviews'*?*?? included only a limited number of studies.
Romero et al.’s*' recent well-conducted review excluded data from abstracts and also those studies that
used doses of dobutamine for stress CMR greater than 10 ug/kg per minute. No previous studies have
reported the cost-effectiveness of CMR in this or other clinical areas.

Most magnetic resonance (MR) scanners being installed within the NHS have the capability to perform
CMR for assessment of viability and perfusion in planning revascularisation in patients with ischaemic
cardiomyopathy. However, capacity issues mean that access to scanners and scan time remains
problematic. The use of MR scanners to perform CMR results in an opportunity cost to other groups of
patients who may benefit from MR imaging, or results in a need to provide additional scanners to allow
CMR to be performed. As demand for CMR is growing, it is timely to assess whether or not investigating
these patients in this way is cost-effective in the NHS.
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On a broader front, there are other areas within cardiology when CMR is being used because it produces
images of high spatial and temporal resolution in multiple planes. It is a safe method involving no radiation
exposure that can assess cardiac structure and, with cine imaging and flow assessment, it can assess
ventricular function and volumes, valve function, as well as quantify intracardiac shunts. Perfusion imaging
can make an assessment of myocardial ischaemia, often alongside viability imaging. In a number of patient
groups, notably patients with congenital heart disease, valvular heart disease and other cardiomyopathies,
it complements echocardiography in patient assessment, and in these clinical areas its use is likely to
expand. This work on ischaemic cardiomyopathy could act as an introduction to a programme of research
into the wider uses of CMR and its cost-effectiveness in the NHS, and form a template for further study

of how this technology should be introduced and utilised.
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Chapter 2 Assessment of diagnostic accuracy

Review methods

This systematic review was carried out according to the recommendation of the Preferred Reporting ltems
for Systematic Reviews and Meta-Analyses (PRISMA) statement.

Identification of studies
The PRISMA flow diagram shown in Figure 1 provides a summary of the study identification process.

PRISMA 2009 flow diagram
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FIGURE 1 The PRISMA flow diagram of included studies.
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Search strategy

The search aimed to systematically identify all literature relating to the diagnostic accuracy of cardiac
magnetic imaging in detecting viable myocardium in patients with CAD. The searches were conducted
between March and November 2011. Initial searches were conducted in March 2011 in the following
databases with dates: MEDLINE including MEDLINE In-Process & Other Non-Indexed Citations via Ovid
(1946 to March 2011); Bioscience Information Service (BIOSIS) Previews via Web of Science (1969 to
March 2011); EMBASE via Ovid (1974 to March 2011); Cochrane Database of Systematic Reviews via The
Cochrane Library (1996 to March 2011); Cochrane Central Register of Controlled Trials via The Cochrane
Library 1998 to March 2011; Database of Abstracts of Reviews of Effects via The Cochrane Library (1994
to March 2011); NHS Economic Evaluation Database via The Cochrane Library (1968 to March 2011),
Health Technology Assessment Database via The Cochrane Library (1989 to March 2011); and the Science
Citation Index via Web of Science (1900 to March 2011). Additional searches were conducted from
October to November 2011 in the following databases with dates: MEDLINE including MEDLINE In-Process
& Other Non-Indexed Citations via Ovid (1946 to November 2011); BIOSIS Previews via Web of Science
(1969 to October 2011); EMBASE via Ovid (1974 to November 2011); Cochrane Database of Systematic
Reviews via The Cochrane Library (1996 to November 2011); Cochrane Central Register of Controlled
Trials via The Cochrane Library (1998 to November 2011); Database of Abstracts of Reviews of Effects via
The Cochrane Library (1994 to November 2011); NHS Economic Evaluation Database via The Cochrane
Library (1968 to November 2011); Health Technology Assessment Database via The Cochrane Library
(1989 to November 2011); and the Science Citation Index via Web of Science (1900 to October 2011).
Relevant conference proceedings were searched via the Web of Science Conference proceedings citation
index. The review team also contacted experts in the field and scrutinised the bibliographies of retrieved
papers to identify relevant evidence. This yielded two additional papers not identified in the electronic
searches. Previous review articles and systematic reviews were retrieved and bibliographies searched for
further studies that may not have been identified in the search of electronic databases.

Search terms

Searches on electronic databases were conducted between March 2011 and November 2011.

A comprehensive search strategy was constructed using terms (thesaurus and free text) relating to the
condition (cardiomyopathy, myocardial ischaemia) and CMR. A number of methodological filters

(The InterTASC Information Specialists” Sub-Group Search Filter Resource)® were applied to the search
to retrieve diagnostic studies, prognostic studies, systematic reviews, randomised controlled trials,
guidelines and economic evaluations. No language or date limitations were applied.

Additional specific searches were conducted on the following topics identified from the included studies
from the initial search:

myocardial revascularisation and MR imaging

diagnosis of MI, coronary disease, coronary artery disease and MR imaging
comparative study publication type combined with the initial search terms
magnetic resonance imaging (MRI) and myocardial salvage.

Search terms included:

cardiomyopath$, isch$, imaging, Magnetic resonance imaging, cardiac disease, radionuclide imaging,
echocardiography, viability assessment, perfusion scanning, positron emission tomography,
single-photon emission computed tomography.

imaging pathway, imaging guideline$, plus such terms as

cohort studies, longitudinal studies, follow-up studies, time factors, long term, sequela$, prognosis, and
diagnostic terms such as specificity and sensitivity, false positive$, false negative$, true positive$,

true negative$.

The MEDLINE search strategies are included in Appendix 1.
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Inclusion and exclusion criteria

Study design

Diagnostic accuracy studies were included if they had an appropriate reference standard, and if they
contained accuracy data (sensitivity, specificity, positive and negative predictive values) or sufficient details
so that accuracy data could be calculated. They could have been prospective or retrospective in design.

It included reporting results that compared the functional outcome of individuals with and without viable
myocardium who received CMR.

Population
The population comprised adults with CAD and LV dysfunction and considered potential candidates for
revascularisation by percutaneous coronary intervention (PCl) or CABG.

Index tests
Studies testing any type of CMR to assess for viability were included.

Reference standard
Any evaluation technigue to establish the presence of viable myocardium was considered eligible.

Outcomes

The studies contained accuracy data that were derived using different reference standards with differing
thresholds for determining viability. The follow-up criteria for defining the presence or absence of viable
myocardium included improvement in wall motion, improvement in regional and global LV function,
improvement in clinical symptoms and reverse LV remodelling.

Studies excluded from the review
Studies were excluded if they reported acute ischaemic syndromes or were editorials, letters, case reports,
technical reports, systematic reviews or meta-analyses.

Study selection

Studies were selected for inclusion through a two-stage process according to the above inclusion/exclusion
criteria. All titles and abstracts were examined for inclusion by two reviewers (FC and LU). Discrepancies
were resolved by discussion and drew on additional expertise (SMT) where uncertainty remained.

Full manuscripts of selected citations were retrieved and assessed by two reviewers using the inclusion/
exclusion criteria.

Data extraction strategy

Data were extracted by two reviewers using a standardised data extraction form which had initially been
piloted and redesigned in discussion with clinical experts. Discrepancies were resolved by discussion.
Where multiple publications of the same study were identified, data were extracted and reported as a
single study.

Critical appraisal strategy

The quality of each study was assessed using the QUADAS Il (quality assessment of diagnostic accuracy
studies) tool.** The following factors were considered: methods of patient selection, the conduct and
interpretation of the index test and reference standard. This included the extent to which interpretation of
the tests might have been biased by knowledge of the results of other tests or the patient characteristics.
In addition, the flow of patients through the study and the number of excluded patients from the analysis
and the timing of the follow-up assessment. Where available, these data were extracted and their impact
on biasing sensitivity and specificity was considered.

© Queen'’s Printer and Controller of HMSO 2014. This work was produced by Campbell et al. under the terms of a commissioning contract issued by the Secretary of State for
Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.



ASSESSMENT OF DIAGNOSTIC ACCURACY

Data synthesis

Meta-analyses were performed to estimate a summary measure of sensitivity and specificity for CMR.
The statistical software STATA (2006 release 9.0; Stata Corporation, College Station, TX, USA) was used
for this analysis.

Sensitivity analysis was performed to explore causes of potential bias and heterogeneity in the
meta-analyses. The study data were grouped into stress CMR and CE CMR and analysed separately.
Thirteen studies exploring the diagnostic accuracy of CMR with recovery following revascularisation

also compared other diagnostic tests within the same study. This included five studies exploring SPECT,
four studies exploring PET and three studying echocardiography. These data were used within the
cost-effectiveness review to provide more up-to-date measures of diagnostic accuracy for these alternative
and commonly used diagnostic tests. In addition, the data obtained from these studies exploring the
clinical effectiveness of other tests were pooled with the results of the most recent diagnostic

accuracy review.
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Chapter 3 Results of the diagnostic accuracy
review

Description of included studies

Published literature indicates that the journey to determining which imaging modality is superior for
detecting viability is ongoing. Some studies perform head-to-head comparisons between imaging
techniques, while some studies compare predicted viability from a single test before revascularisation
with improvement of heart function post revascularisation. CMR is known to have clinical utility for
cardiovascular imaging at various points in the patient pathway between being diagnosed with CAD,
being assessed for viability and being followed up after revascularisation. Despite a body of research
examining the relative benefits of CMR, the studies are not easily comparable. There are several reasons
for this:

1. There are different types of cardiac MR imaging (delayed enhancement, stress).

2. There are different ways of detecting viability for each type of CMR, which serve as the study outcomes
(e.g. wall motion, hyperenhancement).

3. Studies vary in the thresholds for detecting viable myocardium. Therefore, sensitivity and specificity
values can vary as a result of the subjectivity of each study’s cut-off value.

4. The thresholds and techniques for determining the reference standard may also vary.

5. A major limitation for detailed myocardial phenotyping in clinical investigation is the lack of a true gold
standard for defining viability. Histopathological verification of viability in patients is impossible.
Thus, the ideal methodology to assess myocardial viability would provide accurate non-invasive
measurements of perfusion, metabolism, and cellular membrane integrity in addition to systolic and
diastolic function, with sufficient spatial and temporal resolution for a detailed reconstruction of the
entire LV as it contracts and relates in three-dimensional space. Increasingly, attempts at assessing
multiple aspects of viable myocardium are being made with the various technologies.?®

6. Imaging technology is evolving so that most clinical trials cannot be completed before a technique
becomes obsolete or superseded upon publication. For example, studies in the late 1990s published
data using 0.2- or 0.95-tesla-strength magnets, while the majority of papers in the last decade use
1.5-tesla-strength magnets. The lower magnet strength used in earlier studies of CMR may account for
lower sensitivity and specificity scores for viability detection. However, 3.0-tesla-strength magnet
scanners are now available and increasingly being used for CMR, although there is few published
data on cardiac viability assessment using 3.0-tesla-strength magnet scanners. It may, therefore,
take considerable time for the merits of this new CMR technology to become apparent.

7. The sensitivity and specificity values for some studies are calculated and reported by segment and
others are reported by patients with evidence of ventricular recovery.

Included studies

The search strategy generated 3176 references and four further papers were found through bibliography
searching. Therefore, a total of 3180 papers were screened, of which 194 full-text papers were retrieved
for further consideration and 28 were identified which met the inclusion criteria. A total of 136 studies
were excluded from the review: 123 did not meet the inclusion criteria and 13 did not report sufficient
data to be included in the review (see Figure 7). A full list of those papers excluded following retrieval is
listed in Appendix 2 and reasons given for their exclusion.
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Twenty-four studies (28 citations) met the inclusion criteria.'>"7?>™ Table 1 lists the reports for studies
with multiple citations. Ten of the included studies were conducted in Germany,'6:27-29:32.37.38,40.48.49
five in the USA,1>3>3%4144 four in the UK3'2®%*47 and one each in the Czech Republic,* Belgium,"’

the Netherlands,*® Finland®* and Japan.?®

The quality of the included studies was evaluated using the QUADAS Il tool* and a number of potential
sources of bias were identified in patient selection, conduct of the index test and reference standard,
and in timing and follow-up (Figure 2).

Primary reports for each study

Schmidt 2004 Baer 19987
Kuhl 2006' Kuhl 20067
Schvartzman 2003*' Schvartzman 2001*
Skala 20114 Skala 2009*

(a)

Flow and timing

c
‘©
g Reference standard
© HLow
= B Unclear
< DHigh
<0( Index test '9
>
o
Patient selection
0 20 40 60 80 100
Proportion of studies with low, unclear and high risk of bias
(b)
C
£ ]
5
° H Low
< O High
<
> i
o
T T T T T

T T T T 1
10 20 30 40 50 60 70 80 90 100
Proportion of studies with low, unclear or high concerns
regarding applicability

o

Graphs showing proportion of studies in QUADAS Il domains.
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All of the studies were conducted prospectively and in secondary or tertiary care settings. In most studies
patients were recruited following a referral for further assessment and treatment of CAD. In 16 of the
studies, the patients were recruited consecutively and the studies were, therefore, considered to be at low
risk of bias regarding patient selection (Table 2). Eight studies did not report whether or not recruitment
occurred consecutively. This may have led to an underestimation or overestimation of test accuracy by
investigating a selected population, through inclusion or exclusion of those patients who may be ‘difficult
to diagnose’ or, alternatively, have features highly suggestive of viable myocardium.?*

TABLE 2 Quality assessment of included studies

Risk of bias Applicability concerns

Patient Index Reference Flow and Patient Index Reference

selection test standard timing selection test standard
Baer 1998”7 © © © © © © ©)
Baer 2000%* © © © © © © )
Becker 2008% © © © © © ® ®
Bondarenko 2007*° © © ? © © © ©
Gunning 1998” © © © © © O ©
Gutberlet 2005% © © ? © © ® ®
Hunold 2002* ? © © ? © © ©
Kim 2000" © © © © © © ©
Kuhl 2006 © © © © © ? ?
Lauerma 2000* © © © © © ® ®
Martinez 2000* ) ® © ? © ©
Pegg 2010%° © © © © © ® )
Sandstede 1999”7 ? ? ? © © ©) ©
Sandstede 2000 ? ? ? © © ©
Sayad 1998* ® ® © ©) ©) @)
Schmidt 2004* © © ? © © © ©)
Schvartzman 2003*' © © © © © ® ®
Selvanayagam © © © © © © ©
2004%
Sharma 2009* © © © © © © ©)
Skala 2011% © © © © © ® &)
Trent 2000% ? © © © © © ©
Van Hoe 2004" © © © © © © ©
Wellnhofer 2004 ? © © © © ©) ©
Wu 2007% ? © © © © © ©

®, high risk; ©, low risk; ?, unclear risk.

© Queen'’s Printer and Controller of HMSO 2014. This work was produced by Campbell et al. under the terms of a commissioning contract issued by the Secretary of State for
Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.



Blinding to prevent bias in the interpretation of the index and reference standard could include a number
of components: blinding of assessors analysing the results of the index test and reference standard to the
interpretations of the other assessor(s), blinding to the patients’ identity and their clinical characteristics,
blinding to the results of the other tests that may have been undertaken alongside the index text and
blinding to the results of the reference standard results or index test results. Only three studies blinded

all these aspects of the study.”"” Seven studies'?>3"44474% ysed more than one experienced observer

to assess segmental viability and these assessments were conducted blind and consensus reached if
discrepancies in interpretation arose. In a further seven studies, 6223236414346 gnly one assessor was used,
but he or she was blind to the other test results and/or clinical information regarding the patient.

Seven studies'’?7283037.3840 ysed more than one assessor, but did not describe efforts to blind the assessors
to the results of other tests or to details of the patient’s clinical condition. Three studies®*3>3? used only
one assessor and did not describe details of blinding the assessor to information that might bias their
interpretation of the test results.

All of the included studies were within-patient comparisons, so both the index test and the reference
standard were carried out on the same patient. This will have reduced interpatient variability and added
strength to the research design.

Studies differed in the length of time between revascularisation and the assessment of recovery. There is
some indication that recovery of myocardial function can occur up to 6-12 months after revascularisation.
Therefore, studies with a very short follow-up point may underestimate the accuracy of a study.?2*'
Follow-up periods varied from 17 days to 9 months (Tables 3 and 4).

Fifteen studies'172>2831.35.36.43.44.46-48 did not include all of the recruited patients in the final analysis.
The reasons for their exclusion were given, and included death, serious postoperative morbidity,
withdrawal from the study, segmental images hard to read and loss to follow-up.

In considering the applicability of each included study in addressing the study question, there were a
number of concerns. Three studies®*?*** included very small numbers of participants in the analysis
(n=10,>> n=10* and n=8%), creating uncertainty in the reliability of the findings. One study®' included a
population that had a greater severity of CAD at baseline than the other studies.
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Characteristics of participants

The included studies were generally small, with the number of participants ranging from 8 to 52.

The total number of participants included in the analyses was 668 across the 24 studies. The profile of the
participants across all the studies was homogeneous in terms of age, with a mean age of 62.3 years.

The proportion of men in most of the studies was significantly greater than the proportion of women,
with the proportion of men ranging from 72.4% to 100%. The Van Hoe et al.’” study had a comparatively
lower proportion of men (56% of participants were male). In three studies the sex of patients was not
reported.*®**4° Tables 5-7 provide a summary of patient characteristics.

Eighteen studies reported the mean baseline LVEF of the included participants,'>'7:2527-3235364041,43,4446.47.53
which ranged from LVEF 24% to 62%. All of the studies included patients with chronic CAD, but excluded
patients who had experienced a very recent Ml or who had an unstable coronary condition. Studies described
the extent of vessel disease at baseline in the included patients. The prevalence of three-vessel disease ranged
from 21%? to 100%.%' There was, therefore, a greater diversity in baseline levels of disease severity. Four
studies®**'**4° did not provide data regarding baseline characteristics, so describing the cohort of included
patients accurately is not possible.

Description of index tests

The CMR approach in all of the included studies was either the assessment of contractile reserve
(dobutamine stress CMR) or the evaluation of cellular integrity (late gadolinium-enhanced CMR).

The studies evaluating the diagnostic accuracy of stress CMR to detect hibernating myocardium tended to
be published earlier than those evaluating late gadolinium-enhanced CMR with the studies of stress CMR
published between 1996 and 2005 and of CE CMR between 2000 and 2011. Ten studies evaluated stress
CMR17,27,28,31,34,35,37,39,40,47 and 12 eVaanted CE CMR.15,16,25,29,30,36,38,41,43746,49 TWO Studies32'48 explored the
diagnostic accuracy of both CE CMR and stress CMR, but there were insufficient data reported to use

the data from the Van Hoe and Vanderheyden'’ study in the analysis of CE CMR. The publication by

Kim et al.” appeared to influence the shift in research investigation from stress CMR to CE CMR. This
study was the first to demonstrate a progressive loss of functional recovery with increasing transmural
extent of myocardial injury predicted regional functional recovery on a segmental level.

Late gadolinium-enhanced magnetic resonance imaging allows the direct visualisation of the transmural
extent of scar at high spatial resolution. This capability of CE CMR to assess the extent of scar in the
ventricular wall was considered a valuable advance on the existing stress CMR and other CMR techniques.
In this review, we have evaluated stress CMR and CE CMR separately.

The studies used different segmental models to interpret LV segmentation and interpretation of

wall motion abnormality. This included an 8-, 9-, 12-, 16-, 17-, 28- and 56-segmental model.

The 16-segmental model was used most often and was used in seven of the included studigs.”?%30353641.48
The 17-segmental model was recommended in 2002 by the American Heart Association Writing Group on
Myocardial Segmentation and Registration for Cardiac imaging.>* This model was used in three of the more
recent studies.'®?>“¢ It is unclear if the different segment models used will have influenced the results of this
review, and in what way.
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TABLE 3 Summary of tests and reference standard: stress CMR

Study details Test details
No. of Dobutamine Technique
patients Follow-up Segmental dose (pg/kg Threshold to assess

Reference (in analysis) Country (months) Segments model per minute) for viability LVEF recovery
Baer 43 Germany 4-6 431 8 10 SWT >2 mm, CA
1998% EDWT >5mm
Baer 60 (52) Germany 4.9 532 28 5-10 SWT >2mm CMR
20007 EDWT, >5mm
Gunning 30 (23) UK 3-6 145 9 15 SWT >2mm CMR CA
1998
Gutbertlet 20 (20) Germany 6 240 12 5-10 SWT >2 mm, CMR
2005* EDWT >6mm
Lauerma 10 Finland 6 86 8 5 SWT >2mm CMR
2000*
Martinez 12 (10) USA 4-6 87 16 Nitroglycerin ~ SWT >2 mm CMR
20007 0.4mg
Sandstede 27 (25) Germany 3 207 8 10 Any increase CMR
1999% in SWT
Sayad 10 USA 1-2 26 NR 5-10 SWT increased by CMR
1998% > 2 times the SD

of measurement

technique
Schmidt 40 Germany 4-6 NR NR 10 SWT >2 mm, CMR CA
2004% EDWT >5mm
Trent 40 (32) UK 3-6 346 NR 15 SWT CMR
2000% improvement by

one grade
Van Hoe 26 (18) Belgium 9 (SD 2) 117 16 10 Any increase CMR
2004" in SWT
Wellnhofer 29 Germany 3 288 16 5-10 SWT CMR
2004* improvement

by one grade

CA, coronary angiography; EDWT, end-diastolic wall thickness; NR, not reported; SD, standard deviation;
SWT, systolic wall thickness.
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Positive result Negative result Diagnostic accuracy

Positive Negative
True False False True predictive  predictive
positive  positive negative LY Sensitivity  Specificity value value

24 2 4 22 86 92 92 85
41 41 41 51 50 81 79 56
204 2 2 32 88 89 97 56
43 0 14 29 75 100 100 67
63 8 2 14 97 64 89 88
65 10 41 91 61 90 87 43
25 1 3 14 89 93 96 82
24 2 1 15 96 87 92 93
81 69 25 163 76 70 54 87
56 8 16 37 78 82 88 70
94 14 30 150 76 91 87 83
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RESULTS OF THE DIAGNOSTIC ACCURACY REVIEW

TABLE 4 Summary of tests and reference standard: CE CMR

Study details

No. of
patients
Reference

Becker 2008”° 53

Bondarenko 45 (50)
2007*
Gutbertlet 20 (20)
20057

Hunold 2002 12

Kim 2000 50 (41)
Kuhl 2006™ 36 (29)
Pegg 2010 50 (33)

Sandstede 12
2000%

Schvartzman 29
2003"

Selvanayagam 60 (52)
2004%

Sharma 2009* 40 (8)

Skala 2011*® 53 (37)°

Wellnhofer 29
2004*

Wu 2007 29(27)

(in analysis) Country

Follow-up
(months)

Germany 9

The 3
Netherlands

Germany 6

Germany  5-6

USA 79 days

Germany 6

UK 6

Germany 3

USA 6 weeks
UK 6

USA 5

Czech 24
Republic

Germany 3

Japan 17 days

Test details

Segments

463

322

240

406

804

187

958

73

207

612

97

580

288

252

Segmental
model

16

16

12

12

17

16

16

56

17

16

17

Gadolinium
dose, time
after
administration
(minutes)

0.2 mmol/kg,
15

0.2 mmol/kg,
10-15

0.4 mmol/kg,
10-12

0.2 mmol/kg,
8-15

0.2 mmol/kg,

NR

0.2 mmol/kg,
15-20

0.1 mmol/kg,
6

0.05 mmol/kg,
15

0.2 mmol/kg,
20-30

0.125 mmol/kg,
10

0.15mmol/kg,
2-5

10ml, 10

0.2 mmol/kg,
NR

0.15 pmol/kg,
15

Hyper-
enhancement
(SD above
normal
intensity)

>3

>5

>2

NR

>6

>2

NR

NR

>2

NR

NR

NR

NR

Technique
to assess LVEF

Echocardiography.
Increase in resting
function by at least
one grade

CMR. Increase in
segmental wall
thickening

of >1.5mm

CMR wall
motion scoring

CMR recovery
of formally
dysfunctional
segments

CMR

CMR improvement
in wall motion
score by > 1

CMR improvement
in regional
contraction was
defined by an
improvement of > 1
functional grade

CMR wall motion

Echocardiography.
Increase in resting
function by at least
one grade

CMR improved
systolic contractility

CMR improved
post-vascularisation
contractile function:
>15% SWT

CMR LVEF
improvement > 5%

CMR improvement
in wall motion
score by > 1

CMR improvement
in segmental
wall motion

NR, not reported; SD, standard deviation; SWT, systolic wall thickness.
a Based on the percentage extent of hyperenhancement, a hyperenhancement category was determined for each segment
related to the 5-point scale proposed by Kim et al.:**> 0% hyperenhancement (category 1), 1-25% hyperenhancement

(category 2), 26-50% hyperenhancement (category 3), 51-75% hyperenhancement (category 4) and 76-100%
hyperenhancement (category 5).

b Analysis by patient.
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Positive result Negative result Diagnostic accuracy

Positive Negative

Cut off True False False True predictive  predictive
for viability® positive  positive negative negative Sensitivity  Specificity = value value
<25% 189 175 38 61 83 26 75 62
<50% 215 36 12 100 95 42 61 89
<25% 64 84 21 153 75 65 43 88
<50% 79 145 6 92 93 38 35 94
<50% 198 2 2 30 99 94 99 94
<50% 143 72 7 184 95 72 67 96
<25% 365 147 60 232 86 61 71 79
<50% 411 211 14 168 97 44 66 92
<50% 94 27 2 64 98 70 78 97
<25% 297 126 435 100 41 44 22 19
<50% 381 228 16 332 96 59 63 95

NR 39 8 1 25 97 76 83 96
<25% 82 57 19 49 81 46 75 72
<50% 95 79 6 27 94 25 55 82
<25% 266 96 77 173 78 64 73 70
<50% 326 192 17 77 95 29 63 82
<50% 52 32 3 10 95 24 62 77
<50% 13 5 2 17 87 77 72 90
<25% 93 12 31 152 75 93 89 83
<50% 11 79 13 52 90 52 58 80
<50% 142 54 12 44 92 45 72 79
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Stress cardiac magnetic resonance imaging

Twelve studies explored the diagnostic accuracy of stress CMR to identify hibernating
myocardium.17,27,28,31,32,34,35,37,39,40,47,48

Eleven studigs'’7283132343739404748 sed dobutamine to induce cardiac stress and facilitate measurement of
contractile reserve. The dose of dobutamine used ranged from 5 to 15 pg/kg per minute, with most studies
using between 5 and 10 pg/kg per minute. Two studies®'*” used the higher dose of 15 pug/kg per minute.
One used nitroglycerin (0.4 mg).*

The threshold for viability was established in the following way. Systolic wall thickness [SWT (wall motion)]
was measured by CMR during rest and stress. Segmental wall thickening was first analysed at rest using a
gualitative scoring system with the following scale: 0 = dyskinetic, 1 = akinetic, 2 = severely hypokinetic,

3 = hypokinetic, 4 =normal.

Those segments that were labelled as akinetic or dyskinetic, but which showed SWT of at least 2 mm
during dobutamine stress, were classified as viable; otherwise, they were considered to be non-viable.

Two studies'?” used any change in SWT in akinetic or dyskinetic segments as the threshold for

viability. Two studies?*® used increase in one grade (see scoring system above) to determine viability.

One study® used increase in SWT by more than two times the standard deviation of the measurement
technique as the threshold for viability. Five studies?’-?324047 also used a measure of end-diastolic wall
thickness (EDWT) in order to identify hibernating myocardium. The cut-off used for EDWT was 5.5-6.0 mm
for each study.

Each study performed the second CMR or coronary angiography between 1 and 9 months after
revascularisation. The most common follow-up period was approximately 5 months after revascularisation.
Differences in timing of the second evaluation were for protocol reasons rather than because it was
necessary in clinical practice; the differences in timing may have had some influence on the results,

but what this would be is unknown.

The reference standard ‘recovery of contractile function’ following revascularisation was assessed
guantitatively using a 2-mm segmental improvement in SWT from pre- to post-revascularisation CMR at
rest in most of the studies. Five studies'’?73%4"4¢ did not define a threshold for SWT, but considered
segments that had improved or those that had improved by a grade or a standard deviation of the
measurement technique as viable. One study?’ assessed LVEF recovery using coronary angiography.
Some studies?’?%37° also included an assessment of viability of myocardial regions, containing multiple
segments. A region was defined as viable if >50% of the affected segments had improved.

Late gadolinium-enhanced cardiac magnetic resonance imaging

Fourteen studies'16:2>:29:30,32,36.38.41.43,44.464849 ayaluated the accuracy of CE CMR to detect myocardial
viability. In all of these studies segmental LV recovery following revascularisation served as the reference
standard. Two studies®**® evaluated stress CMR and CE CMR and sufficient data were reported or
provided by authors to enable their inclusion in both meta-analyses.

All of the included CE CMR studies used gadolinium-based contrast agents. There were some differences
in technigue used, with some variation in dose of gadolinium and in the duration of time between
administration of agent and collection of images. The dosage of gadolinium ranged from 0.05 to

0.4 mmol/kg. The most commonly used dosage was 0.2 mmol/kg. Images were obtained 2-30 minutes
after administration, most commonly at 15 minutes.

Viability is determined by the extent of hyperenhancement and a hyperenhancement category established
for each segment related to the 5-point scale proposed by Kim et al.:>> 0% hyperenhancement

(category 1), 1-25% hyperenhancement (category 2), 26-50% hyperenhancement (category 3), 51-75%
hyperenhancement (category 4), and 76-100% hyperenhancement (category 5).

NIHR Journals Library www. journalslibrary.nihr.ac.uk
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The threshold for determining viable myocardium was reported as 50% of LV wall hyperenhancement,
with segments with more than 50% hyperenhancement considered non-viable. Seven studies'29303641.43.44
also reported the results at 25% of LV wall hyperenhancement. The results for both the 25% and 50%
thresholds are presented in Table 7.

The follow-up assessment of LV function occurred between 19 days and 2 years after revascularisation in
the included studies. Most of the studies undertook follow-up assessment 6 months after revascularisation,
but the variation in the studies may influence heterogeneity in the analysis. There is a suggestion that
segmental recovery of viable myocardium may take several months and early assessment of recovery may
miss later recovery.

The reference standard, ‘recovery following revascularisation’, was assessed using CMR (echocardiography
was used in two studies)’’! to examine segmental wall thickening and make comparisons with
preoperative wall motion scores. Recovered segments were those in which there was an increase in
segmental wall thickening compared with preoperative segmental functioning by one grade or

score, 62932364148 lhy any improvement in segmental wall motion,?**#4 15% improvement in contractile
function,** > 5% improvement in LVEF*® or increased wall thickening of > 1.5 mm.*

Diagnostic accuracy for detection of viable myocardium

Meta-analysis of diagnostic parameters

Bivariate random-effects regression analyses were performed in STATA/IC 12.0 (2012; Stata Corporation,
College Station, TX, USA) using the program ‘metandi’ to generate pooled accuracy estimates of
sensitivity, specificity, positive likelihood ratios (LR+), negative likelihood ratios (LR-) and diagnostic odds
ratios (DORs).

As described by Harbord et al.,> the bivariate regression method assumes that the sensitivity values from
individual studies (after logit transformation) within a meta-analysis are approximately normally distributed
around a mean value with a certain amount of variability around this mean. This is a random-effects
approach. This variation in underlying sensitivity estimates between studies can be related to undetected
differences in study population, differences in implicit threshold (cut-off) or unnoticed variations in the
index test protocol. These considerations also apply to specificity estimates. The potential presence

of a (negative) correlation between sensitivity and specificity within studies is addressed by explicitly
incorporating this correlation into the analysis. The combination of two normally distributed outcomes,
the logit-transformed sensitivity and specificity values, while acknowledging the possible correlation
between them, leads to the bivariate normal distribution. The bivariate approach overcomes the problems
associated with simple pooling (i.e. weighted average) of sensitivity and specificity estimates.

Heterogeneity is usually a concern with meta-analyses and refers to a high degree of variability in accuracy
estimates across studies. Heterogeneity could be a result of differences in thresholds, the prevalence of
drug resistance, the populations studied, assay methods or reference standard tests. The reasons for the
heterogeneity were investigated by pre-specified subgroup (stratified) analysis. In the subgroup analysis,
the data were stratified according to the type of CMR tested (CE CMR vs. stress CMR) to determine if
accuracy varied across subgroups.

Stress cardiac magnetic resonance imaging

Data from 12 studies'”-?7283132343537.394047.98 \yare ysed in the meta-analysis evaluating the diagnostic
accuracy of stress CMR with recovery following revascularisation as the reference standard.

The threshold for determining viability was SWT of 2 mm during cardiac stress in akinetic or dyskinetic
myocardial segments.
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The mean weighted sensitivity and specificity for stress CMR are provided in Figure 3. Gunning et al.*" had
a lower sensitivity [50%, 95% confidence interval (Cl) 39% to 61%]. The patients in this study had the
lowest mean LVEF (24%) and all participants had three-vessel CAD. This may have resulted in reduced
sensitivity of the test. It has been suggested that the more profound ultrastructural changes and loss

of contractile protein in areas of dysfunctional but viable myocardium may reduce the chance of eliciting a
dobutamine-stimulated contraction reserve.?®3!

Late gadolinium-enhanced cardiac magnetic resonance imaging

Data from 14 studies were used in the meta-analysis evaluating the diagnostic accuracy of CE CMR with
recovery following revascularisation as the reference standard.'162>29.3032363841.43.44.464849 Tha threshold for
determining viability was <50% of LV wall hyperenhancement.

The mean weighted sensitivity and specificity for CE CMR, with recovery following revascularisation

as the reference standard, are provided in Figure 4. Specificity was lower in the studies of Sharma et al.,**
Schvartzman et al.*' and Selvanayagam et al.*"**%* (24%, 25% and 29% respectively). The range for the
remaining studies was 44-94%.

Characteristics of these three studies may have influenced the accuracy of the findings. Schvartzman

et al.?* had a very short follow-up between initial CMR and follow-up CMR to determine recovery
following revascularisation (6 weeks). Only one other study? had a shorter follow-up (17 days), and it also
had a lower specificity (60%). The study by Sharma et al.** was one of the smallest studies, with only
eight patients and 97 segments included in the analysis.

There may be a number of reasons for the low specificity of CE CMR. The reduced accuracy of CMR

in identifying the non-viable myocardium may be a consequence of seeking to diagnose myocardial
viability in segments without full-thickness hyperenhancement. The cut-off of 50% wall thickness
hyperenhancement to differentiate viable from non-viable myocardium will have meant that the included
segments may have incorporated those segments with partial enhancement. It has also been suggested
that different degrees of wall motion abnormalities have a major impact on myocardial recovery,

with segments showing akinesia demonstrating the best recovery.?’ The lack of the ability to show
contractile recruitability with stress (which makes stress echocardiography and stress CMR specific) is
another reason why CE CMR may have a lower specificity.
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Pooled summary estimates of diagnostic parameters for different tests
Ten studies'6-2528313235.40.444649 3|50 tested other index tests as well as CE CMR and/or stress CMR.
These included PET,*4° SPECT'6#>31324446 and echocardiography,®* with recovery of LV function following

revascularisation as the reference standard. These data were pooled with the results from a previously
published systematic review?? in order to estimate the diagnostic accuracy of other tests compared with

CMR. We also undertook a sensitivity analysis, testing the effect of Schmidt et al.*° on the results. This was

because of uncertainty that some of the patients may also have been in included in another study?® and,
therefore, included twice in the meta-analysis. There was a non-significant difference in the pooled

estimate with the exclusion of Schmidt et al.*’ Table 8 shows the estimated pooled summary estimates of

diagnostic parameters for different tests.

TABLE 8 Pooled summary estimates of diagnostic parameters for different tests

CECMR 14
Stress CMR 12
Stress CMR? 11
SPECT 13
PET 4

Echocardiography 12

95.5
(94.1 t0 96.7)

82.2
(73.2 10 88.7)

80.6
(71.4 t0 87.4)

85.1
(78.1t0 90.2)

94.7
(90.3t097.2)

77.6
(70.7 t0 83.3)

53.0
(40.4 t0 65.2)

87.1
(80.4 10 91.7)

87.0
(79.9t0 91.9)

62.1
(52.7 10 70.7)

68.8
(50.0 to 82.9)

69.6
(62.4 t0 75.9)

2.03
(1.53 t0 2.69)

6.35
(4.12 t0 9.80)

6.21
(3.94 t0 9.80)

2.25
(1.74 t0 2.89)

3.04
(1.80t0 5.12)

2.55
(2.06 to 3.16)

0.08
(0.05t0 0.13)

0.20
(0.13t0 0.31)

0.22
(0.15t0 0.33)

0.24
(0.15t0 0.37)

0.07
(0.05t0 0.13)

0.32
(0.24t0 0.41)

24.33
(11.6t0 51.1)

31.2
(15.7 t0 61.9)

27.9
(14.1 t0 55.5)

9.41
(5.05t0 17.5)

39.9
(21.1 t0 75.6)

7.96
(5.31t0 11.9)

a Excluding Schmidt et a/.*°
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Chapter 4 Assessment of cost-effectiveness

his chapter details the methods and results of the health economic model, which has been developed
to compare different strategies for diagnostic pathways for patients with ischaemic cardiomyopathy.
It includes a brief review of existing economic evaluations and a detailed explanation of the methods and
results of a de novo economic model. Review of cost-effectiveness evidence presents the results of
the systematic review of economic literature. Independent economic assessment methods presents the
modelling approach adopted to estimate the cost-effectiveness of different diagnostic pathways.
The results of the analysis are presented in Results of the independent economic assessment and the
discussion of the results is presented in Discussion of the cost-effectiveness results.

Review of cost-effectiveness evidence

The objective of this review was to identify and evaluate studies exploring the cost-effectiveness of CMR
for patients with ischaemic cardiomyopathy.

Identification of studies

Search strategy
Studies were identified by searching the following electronic databases:

MEDLINE(R) In-Process & Other Non-Indexed Citations and MEDLINE(R) (Ovid) 1948 to August 2012
EMBASE (Ovid) 1980 to August 2012

SCI Expanded (Web of Science) 1899 to August 2012

Conference Proceedings Index — Science (Web of Science) 1990 to August 2012
NHS EED (Wiley Interscience) 1995 to August 2012

HTA database (Wiley Interscience) 1995 to August 2012

DARE (Wiley Interscience) 1995 to August 2012

PsycINFO (Ovid) 1806 to August 2012

BIOSIS Previews (Web of Science) 1982 to August 2012

Allied and Complementary Medicine (AMED) database (Ovid) 1985 to August 2012
Health Economic Evaluations Database (HEED; OHE-IFPHA) 1967 to August 2012.

Sensitive keyword strategies using free text and, where available, thesaurus terms using Boolean operators
and database-specific syntax were developed to search the electronic databases. Synonyms relating to

the condition (e.g. viable myocardium) were combined with sensitive economic evaluations (where
applicable) or quality-of-life (QoL) search filters aimed at restricting results to economic and cost-related
studies (used in the searches of MEDLINE, BIOSIS Previews and EMBASE).

To identify additional published, unpublished and ongoing studies, grey literature was also searched.

The reference lists of all relevant studies (including existing systematic reviews) were hand-searched and a
citation search of relevant articles (using the Web of SCI Expanded) was undertaken to identify articles that
cite the relevant articles.

All identified citations from the electronic searches and other resources were imported into and managed
using the Reference Manager bibliographic software (version 12.0; Thomson Reuters, Philadelphia, PA, USA).

Inclusion and exclusion criteria
Studies were selected for inclusion according to predetermined inclusion and exclusion criteria.
Studies were included if they reported an economic evaluation of diagnostic pathways for patients with
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ischaemic cardiomyopathy and estimated the benefits in terms of life-years gained (LYGs) or
quality-adjusted life-years (QALYS).

Studies that performed economic evaluations alongside trials were excluded if they did not extrapolate
the outcomes beyond the trial duration, as these economic analyses are only valid for the trials under
consideration. Studies that were considered to be methodologically unsound, which were not reported in
sufficient detail to extract costs and outcome estimates (including abstracts) or which did not report an
estimate of cost-effectiveness (e.g. costing studies) were also excluded. Papers not published in the English
language were also excluded.

The inclusion of potentially relevant articles was undertaken using a two-step process. First, all titles were
examined for inclusion by one reviewer (PT) and any citations that clearly did not meet the inclusion criteria
were excluded. Second, all abstracts and full-text articles were examined independently by two reviewers
(PT and ST). Any disagreements in the selection process were resolved through discussion.

The methodological quality of each included study was assessed using a combination of key components
of the Drummond and Jefferson checklist for economic evaluations,***’ together with the Eddy checklist

for mathematical models used in technology assessments.*® The use of the checklist ensured a consistent
approach to assessing the quality of each economic evaluation.

The electronic database literature searches identified 351 potentially relevant publications, of which two
met the inclusion criteria. However, the grey literature identified two additional relevant publications on
economic evaluations of PET for myocardial viability. Even though these studies were not identified in the
initial database search, they provide valuable insight into modelling cost-effectiveness of diagnostic
imaging technigues for myocardial viability. A flow chart describing the process of identifying relevant
literature can be found in Figure 5. The details of these relevant studies including an assessment of
methodological quality are provided below.

Dussault et al.*

Dussault et al.>® performed an exploratory analysis of the potential impact of PET on the detection of viable
myocardium in a hypothetical cohort of male patients with a LVEF <30%, as part of their HTA of PET
(AETMIS). The model compared PET with clinical decision as a second-line viability test in case of first-line
equivocal SPECT thallium scans. Expert clinicians at Hopital Laval in Québec were consulted for the purpose
of developing decision trees and determining the explicit probabilities for the variables. For each strategy,
the proportion of surviving individuals and the overall costs were estimated using a 5-year time horizon
and a health-care system perspective. Costs of viability tests, medical services and reimbursement of
professional services were included as costs, while patients’ mean probability of survival at 5 years was
used as a measure of clinical effectiveness. Monte Carlo analysis, used to estimate the mean and
incremental cost and efficacy intervals to compare the PET option with the no-PET option, suggested that
the PET strategy was cost-effective.

Comments

The sources of data used in the analysis were predominantly expert opinion, owing to the lack of
published data, which has implications on the robustness of the findings. The model did not estimate
QALYs as the measure of clinical effectiveness and the authors report that, for the sake of simplicity,
the costs and consequences have not been discounted. Also, the analysis used PET as a second-line
viability test rather than as the only test. Thus, these cost-effectiveness analysis results are not applicable
to the current decision problem.
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Miles et al.®°

Miles et al.®® estimate the cost implications of PET for myocardial viability from an Australian perspective.
Their estimation of costs is based on the Institute of Clinical PET (ICP) Cardiology Task Force’s decision tree
analysis and analysis by Beanlands et al.%' The analysis based on ICP decision tree model, assuming a
prevalence of viable myocardium of 0.71 and specificity for PET of 0.74, indicate that the PET strategy
would produce cost savings of US$300.24 per patient compared with a strategy based on coronary
angiography. Sensitivity analyses indicate that PET would remain cost-effective for values of prevalence of
up to 0.76 or values for specificity of PET as low as 0.63. The authors also report that analysis based on
data from Beanlands et al.®' (n=87) on patient management indicate a cost saving of US$2069.65 per
patient examined with PET.

Comments

Miles et al.®® used previous models to estimate the costs of PET imaging for assessing myocardial viability
and concluded that a PET strategy would be cost saving. However, the analysis was based on data from
studies reported in 1994 and 1997 which might no longer be relevant. Furthermore, the analysis did

not include impact on clinical effectiveness and the cost-effectiveness results are not reported.
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Jacklin et al.®

Jacklin et al.®? conducted an economic analysis of PET for selecting patients with hibernating myocardium
for revascularisation in the UK. The model compared three management strategies: (1) CABG surgery for
all patients, (2) medical therapy for all patients and (3) a PET-guided strategy. The prevalence of significant
hibernating myocardium was estimated at 50%, while the sensitivity and specificity of PET were both
estimated as 80%. Costs and survival data were estimated from Guy’s and St. Thomas' Hospitals while
the prevalence of hibernating myocardium and PET diagnostic characteristics were estimated from the
literature. A decision-analysis model was developed to estimate the costs and outcomes (measured as
LYGs) of treating 1000 hypothetical patients using the model for three different strategies. The model
used a 1-year time horizon and reported that medical therapy had the lowest cost, PET was the most
cost-effective option (with £77,186 per LYGs compared with medical therapy) while CABG was the most
expensive and least beneficial of the strategies. One-way sensitivity analysis performed to understand the
impact of individual parameters produced similar results.

Comments

The sources of clinical data were non-randomised cohort studies and this is likely to limit the conclusions.
The model used LYGs as the measure of effectiveness and did not take QoL into account to perform
cost-utility analysis. Furthermore, the model used only a 1-year time horizon, which does not take the full
lifetime of the costs and outcomes into account. Therefore, the validity of findings from this study is

still uncertain.

The Medical Advisory Secretariat Health Technology Assessment report®

The Medical Advisory Secretariat HTA report® developed an economic model to compare the
cost-effectiveness of myocardial viability assessment using three different strategies: (1) SPECT and clinical
decision, (2) PET only and (3) SPECT followed by PET when SPECT results are equivocal. For each strategy,
the probability of a positive test and the probability of an individual surviving 5 years were estimated,
often using expert opinion. Costs from health system perspective, i.e. costs of diagnostic tests, treatment
costs and other hospital services costs, were considered. For each strategy, Monte Carlo analyses were
used to estimate the mean cost and the probability of survival at 5 years. Incremental costs and clinical
effectiveness analysis concluded that PET alone or SPECT plus PET would probably result in lower cost
and better 5-year survival than SPECT alone. Sensitivity analyses were also performed to understand the
impact of key model parameters on the results.

Comments

As the sources of data used in the analysis were predominantly expert opinion, there is uncertainty in the
robustness of the findings. Again, the analysis did not estimate QALYs and, thus, the cost-effectiveness
analysis results are not applicable to the current decision problem.

Although four cost-effectiveness analyses studies were identified via the literature searches, there are a
number of limitations associated with generalising the findings of these included studies.

None of the studies identified performed cost—utility analysis, the preferred approach for estimating
cost-effectiveness in UK. Three studies®®*%? reported incremental cost per life-year gained, while one
study® reported only the cost savings.

None of the studies compared all the relevant diagnostic strategies. Two studies®*®* compared PET with SPECT
(including PET as a second-line viability test), while the two other studies®®®? compared PET with medical
therapy and CABG. In addition, the diagnostic accuracy of these strategies was elicited using expert opinion
because of a lack of evidence. Given the current decision problem is to identify the optimal diagnostic
pathway, the cost-effectiveness analysis needs to include all potential diagnostic strategies.
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The analysis reported by Jacklin et al.%? was based on a single non-randomised cohort study, while the
other studies®®%°%* included data from expert opinion. This was because of a lack of published data on
the impact of viability assessment and revascularisation on the long-term clinical outcomes of patients.
This scarcity of data about patient outcomes (such as survival, hospitalisation and Qol) is a significant
barrier in estimating the cost-effectiveness of diagnostic pathways for myocardial viability assessment.
Although there have been studies recently that provide this information, assumptions would need to be
made about their long-term effects beyond the trial duration.

The appropriate time horizon of the model for estimating the cost-effectiveness is not clear. One study
used a 1-year time horizon,® two studies®® used a 5-year horizon and the time horizon was unclear in
the other study.®® Choosing the time horizon is a key issue, especially when assumptions need to be made
about the extrapolation of patient outcomes.

However, despite the differences in the data used, all four studies used a similar modelling approach.
The studies used a cohort model, the proportion of patients with viable myocardium modelled using
prevalence, and the patients identified by the diagnostic strategies as viable undergoing revascularisation.
The costs and outcomes (usually measured as survival or LYGs) were then estimated for the different
strategies to estimate the cost-effectiveness.

A de novo economic model was developed based on these studies using the diagnostic accuracy data from
meta-analysis, patient outcomes and UK cost data from literature as detailed in Independent economic
assessment methods.

Independent economic assessment methods

This section details the methods and assumptions of the de novo economic model constructed to
evaluate the cost-effectiveness of several potential diagnostic pathways for identifying patients with
viable myocardium.

Objectives
The objectives of the cost-effectiveness analysis were to:

1. estimate the cost-effectiveness of diagnostic pathways for assessing patients with ischaemic
cardiomyopathy to identify patients with viable myocardium with a view to revascularisation, in terms of
the cost per QALY gained by each strategy

2. identify the optimal diagnostic imaging pathway for investigating patients with ischaemic
cardiomyopathy (to identify patients with viable myocardium) and estimate the impact of CMR in terms
of cost-effectiveness with reference to the National Institute for Health and Care Excellence (NICE)
threshold for willingness to pay per QALY gained

3. identify the critical areas of uncertainty in these imaging pathways where future research would
produce most benefit and recommend specific primary research designs to address the uncertainty.

The costs and benefits of diagnostic testing

The aim of these diagnostic pathways is to assess patients with ischaemic cardiomyopathy in order to
identify those with viable myocardium with a view to revascularisation. The clinical challenge is to identify
patients with viable myocardium who have the potential to recover if revascularised and to ensure that
these patients are appropriately treated with surgical or catheter-based coronary intervention, and

that those with non-viable myocardium in the target area for revascularisation are not subjected to
unnecessary intervention.
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The main benefits of diagnostic testing relate to identification and treatment of patients with potential for
revascularisation using either PCl or CABG. The main disadvantages are the risks associated with adverse
events of unnecessary revascularisation. The direct costs of diagnostic management include the costs

of diagnostic testing, the costs of investigation and the subsequent costs of providing treatment
(revascularisation or medical therapy). The suboptimal nature of the diagnostic tests (i.e. sensitivities and
specificities below 100%) means that some patients with viable myocardium will not receive
revascularisation and, similarly, some patients without viable myocardium will receive revascularisation,
probably unnecessarily, based on the potential lack of benefit from revascularisation, its costs and its risk of
mortality. A de novo economic model was built to analyse the effect of different diagnostic management
pathways on these costs and benefits.

A de novo economic model was developed using Microsoft Excel software (2007; Microsoft Corporation,
Redmond, WA, USA) to explore the costs and health outcomes associated with different diagnostic
pathways. The economic perspective of the model is the NHS in England and Wales with the structure of
the model shown in Figure 6.

The different diagnostic pathways were applied to a hypothetical cohort of patients with ischaemic
cardiomyopathy. It was assumed that the diagnostic pathway would identify patients with

viable myocardium and that the probability of successful identification of viable myocardium and
non-viable myocardium was determined by the overall accuracy of the diagnostic pathway. It was assumed
that patients diagnosed with viable myocardium would be managed promptly by revascularisation and that
the patients diagnosed with non-viable myocardium would be on medical therapy. The model assigned
each patient a risk of death and rehospitalisation depending upon whether or not the patient was truly
viable and whether or not the patient had received revascularisation. Each patient then accrued lifetime
QALYs. Health-care costs were also accrued through measuring diagnostic costs and treatment costs,
depending on the pathway and the patient’s treatment status. Details of these are outlined below.

Model structure: A decision-analytic model was developed to estimate the costs and health outcomes
associated with different diagnostic pathways to identify viable myocardium in a hypothetical cohort of
patients with ischaemic cardiomyopathy. The model took a lifetime horizon and the economic perspective
of the model was the NHS in England and Wales.

Population: The population comprised patients with ischaemic cardiomyopathy, characterised by extensive
CAD and reduced LVEF, including both those with viable myocardium and non-viable myocardium.

Diagnostic pathways: There are five main imaging methods available to assess for viable myocardium:
(1) echocardiography, (2) PET, (3) SPECT, (4) CE CMR and (5) stress CMR. Pathways including combinations
(i.e. more than one) of these tests were not evaluated as they are not clinically relevant in UK.

Patient management: Patients diagnosed with non-viable myocardium were assumed to be on medical
therapy, while the patients diagnosed with viable myocardium were assumed to receive revascularisation.

Time horizon: A lifetime time horizon of 40 years was used. Patients progressed through the model until
they either died or reached the end of the 40-year time horizon.

Discount rate: Both the costs and QALYs were discounted at an annual discount rate of 3.5%,
as recommended by NICE.

The key modelling methods together with the evidence sources and assumptions used to populate the

model are discussed in detail in Prevalence of viable myocardium, Selection of pathways, Sensitivity and
specificity of diagnostic pathways in the model and Patient management after diagnosis.
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ASSESSMENT OF COST-EFFECTIVENESS

Prevalence of viable myocardium

In a study reported by Al-Mohammad et al.,”® the prevalence of viable myocardium in patients with
ischaemic heart disease was around 45-55% and the prevalence of LVEF was 30%. These values are
similar to those reported in other studies.®*® In the economic model, the prevalence of viable myocardium
is assumed to be 50% (95% Cl 45% to 55%).

Selection of pathways

There are five main imaging methods available to assess for viable myocardium: (1) echocardiography,
(2) PET, (3) SPECT, (4) stress CMR and (5) CE CMR. With such a range of techniques available to assess
patients for viable myocardium, the choice of diagnostic imaging pathway is often dictated by a number
of factors.

Individual hospitals may have access to different types of imaging tests and relevant expertise, with some
hospitals being equipped to deliver only one modality while others may have a choice of several.
Furthermore, there may be differences in the availability of some tests and, therefore, the choice of which
diagnostic pathway to use may depend on the balance of accuracy, availability and cost. For these reasons
it was felt important to model all the imaging tests. This would allow decision-makers to identify the
pathway that most closely resembled their local setting, and to see how changing to another pathway may
affect their costs and QALYs.

The diagnostic pathways were chosen to include all the real-life pathways in clinical practice,

i.e. to incorporate the variation of different hospital protocols, regionally and internationally. Pathways
including two or more tests are not considered for evaluation in the economic model as, although there
might be instances where more than one test is used to assess viability, they are not used regularly in
clinical practice.

The single-test pathways include the five main imaging methods (echocardiography, PET, SPECT, stress
CMR and CE CMR). Two hypothetical strategies, a ‘discharge everyone without testing or revascularisation’
strategy and a ‘revascularise everyone’ strategy are also analysed.

After extensive discussions with the clinical expert group, the following pathways were chosen to be
included in the primary analysis:

discharge all patients home without testing or treatment
echocardiography

stress CMR

CE CMR

SPECT

PET

treat all patients without testing.

Nowu A wWN =

It should be noted that, in clinical practice, the imaging pathways are much more complex with a lot of
subjective clinical judgement based on individual patient’s situation. Multiple diagnostic tests are often
used to detect the presence of viable myocardium; however, the clinical decision-making rules behind
the use of multiple tests are complex and subject to variation. Therefore, for the purposes of this
evaluation, the single diagnostic test pathways provided above are assumed to be representative of the
protocols followed in most hospitals, both in the UK and elsewhere.

The results of multiple test pathways are not included in the analysis for a number of reasons. First, it is
not clear what proportion of patients would be subjected to multiple tests and there tend to be local
variations in the diagnostic pathways used. Second, these multiple test pathways can be represented
as either (1) reinforcement of positive diagnosis, i.e. the second test is performed only if the first test
indicated viable myocardium, or (2) confirmation of negative result, i.e. second test is performed only
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if the first test indicated non-viability. It is not clear whether or not the decision to offer the patient
revascularisation will be based on the result from the second test in case of non-concordance between
tests. In order to estimate the combined diagnostic accuracy of combination of tests, the correlation
between the result of the initial test and the secondary test needs to be estimated. There are no data on
the correlation between tests and, in the absence of evidence, postulating correlation factors might lead to
bias. Furthermore, during probabilistic sensitivity analysis (PSA), the sensitivities and specificities of the
combined tests need to be estimated from the samples of joint distributions of the diagnostic parameters
for each test to preserve the correlation. Given all these limitations in the evidence base and the relative
scarcity in the use of multiple diagnostic tests in UK, the analysis was limited to pathways with single
diagnostic tests.

Sensitivity and specificity of diagnostic pathways in the model
The methodology used for determining the sensitivity and specificity of each non-invasive imaging test is
given in Chapter 3, Diagnostic accuracy for detection of viable myocardium.

Table 9 shows the estimates of sensitivity and specificity for each test strategy and the sources for these
estimates. The meta-analysis data were selected because the point estimates of sensitivity and specificity
varied in the expected manner when different test types (a different variation of the test for viable
myocardium) were used. The mean values of the posterior distributions for sensitivity and specificity were
used in the deterministic analysis.

Patient management after diagnosis

It was assumed that, after the diagnostic pathway had been applied, the subsequent progress of each
patient would depend on whether or not the patient had viable myocardium, and, if viable myocardium
was identified, whether or not the patient was revascularised. The patients can be classified into four
groups, as shown in Figure 7, based on their true status and the diagnosis as:

a
b
C
d

viable and revascularised, i.e. diagnosed correctly as viable

viable but not revascularised, i.e. diagnosed wrongly as non-viable
non-viable and revascularised, i.e. wrongly diagnosed as viable
non-viable and not revascularised, i.e. diagnosed correctly as non-viable.

~ I —

(
(
(
(

~

It was assumed that patients diagnosed with non-viable myocardium would be on medical therapy and
that the patients diagnosed with viable myocardium would be managed promptly by revascularisation,
returning to medical therapy after the revascularisation. Although there are multiple variants of medical
therapy and two main variants of revascularisation, they are represented in the model as single entities.

TABLE 9 Estimates of sensitivity and specificity for the diagnostic tests

Discharge everyone without 0 1 Theoretical
testing or revascularisation

Echocardiography 77.6 (70.7 to 83.3) 69.6 (62.5 to 75.9) Meta-analysis
Stress CMR 82.2 (73.2 t0 88.7) 87.1(80.4 10 91.7) Meta-analysis
CE CMR 95.5 (94.1 t0 96.7) 53.0 (40.4 t0 65.2) Meta-analysis
SPECT 85.1(78.1 t0 90.2) 62.1 (52.7 t0 70.7) Meta-analysis
PET 94.7 (90.3 t0 97.2) 68.8 (50.1 to 82.9) Meta-analysis
Revascularise everyone 1 0 Theoretical
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Patient groups after diagnosis.

The clinical systematic review identified considerable heterogeneity among included studies for medical
therapy after diagnosis. Clear descriptions of the medical therapy were not always provided in the studies
identified in the systematic review, which made it difficult to estimate costs. This lack of detail also meant
that the outcomes estimated (see Chapter 3, Diagnostic accuracy for detection of viable myocardium) were
a conglomeration of estimates from heterogeneous studies and this has implications for the robustness of
the analysis of cost-effectiveness. In the economic model, medical therapy was assumed to be the same in
non-revascularised patients and the revascularised patients (as they will be put on medical therapy after
revascularisation), i.e. it was assumed in the model that the medical therapy costs were the same in both
groups and, therefore, these costs were not included in the model.

Revascularisation procedures can be broadly classified into surgical or catheter-based coronary
interventions (CABG and PCl, respectively), with the choice of revascularisation procedure in clinical
practice depending upon patient characteristics notwithstanding other practical issues and constraints such
as ease and availability, etc. Despite some known differences between PCl and CABG®® (e.g. incidence of
30-day major adverse events is higher for CABG whereas PCl is less invasive and has shorter hospital
length of stay), there is still debate on which is better, with randomised trials comparing PCl with CABG
showing conflicting data about the incidence of short- and long-term complications.®®%” Furthermore, data
on outcomes after revascularisation were captured from a mixture of studies that used PCI, CABG or both,
which made it difficult to tease out their individual clinical effectiveness. Therefore, revascularisation is
treated in the economic model as a single treatment and its outcomes were estimated by pooling the
results from all the studies, irrespective of whether they used PCI, CABG or both (see Outcomes). The cost
of the revascularisation procedure is estimated as the weighted average cost of PCls and CABGs using
data on the numbers of procedures performed in UK in the last year, as detailed in Costs. According to the
NHS information centre, Hospital Episode Statistics (HES) for England, in 2010-11 there were 19,743
inpatient admissions for CABG procedures and 67,908 inpatient admissions for PCI procedures.

It should be noted that the outcomes after revascularisation are assumed to be the same in the economic
model irrespective of the diagnostic pathway used to assess the viability. Although there were some
studies that report data of outcomes separately for the individual imaging techniques, these data could not
be extrapolated for different tests without causing bias as the clinical effectiveness of imaging tests is
already incorporated in the model by using the diagnostic accuracy, it was deemed that incorporating a
separate additional effect of the type of test on outcomes might lead to double counting. As described
earlier, the outcomes after revascularisation in the model are also assumed to be the same for both PCl
and CABG, as revascularisation is treated as a single treatment.
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Survival

A rapid review was conducted to estimate the effect of treatment on survival of patients and three review
studies were found. This section provides a discussion of the evidence available for survival and describes
the survival parameters used in the economic model.

Allman et al.® performed a meta-analysis of 24 studies (in 1999), with the mean age, LVEF and New York
Heart Association (NYHA) functional class of 3088 patients (2228 men) reported as 61 years, 32.8% and
2.8 respectively. The follow-up was 87.7% complete over 25 months [Standard deviation (SD) 10 months].
For patients with defined myocardial viability, annual mortality rate was 16% among medically treated
patients but only 3.2% among revascularised patients, representing a 79.6% relative reduction in risk of
death for revascularised patients. For patients without viability, revascularisation was associated with
slightly higher annual mortality than medical therapy (7.7 % with revascularisation vs. 6.2% for

medical therapy).

Camici et al.®® synthesised the results from 20 studies (2217 patients) that were published between 1998
and 2006 to assess viability in patients with LV dysfunction caused by CAD. The pooled analysis by
Camici et al.®® also reported similar results with survival benefit in patients with ischaemic cardiomyopathy
who underwent revascularisation compared with patients with viable myocardium treated medically
(10.64% in medically treated patients but only 3.71% in revascularised patients). However, the authors
report that revascularisation also reduced the mortality rate in non-viable patients (8.45% with
revascularisation vs. 11.69% for medical therapy).

Schinkel et al.?*> performed a pooled analysis of 29 studies (3640 patients) and reported the annual
mortality rates for revascularised and non-revascularised patients, with and without viable myocardium.
For patients with defined myocardial viability, annual mortality rate was reported as 12.16% in medically
treated patients but only 3.53% in revascularised patients, suggesting that patients with viable
myocardium who undergo revascularisation have the best prognosis. However, the authors report that
revascularisation also reduced the mortality rate in non-viable patients (8.45% with revascularisation vs.
9.59% for medical therapy).

More recently randomised control trials (RCTs) — PARR 2,%° HEART’® and STICH”" — have reported no
benefit of viability testing, but these trials are subject to a number of limitations, as described here. PET
and Recovery Following Revascularisation (PARR 2)® compared optional viability testing using PET (n=218)
with standard care (n=212) in Canada and reported no significant differences in outcomes. HEART®
(Heart Failure Revascularisation Trial) was an unblinded UK clinical study that aimed to randomise

800 patients but was stopped early because of problems with recruiting and funding. Of the 138 patients
enrolled, 69 were randomised to a strategy of revascularisation, but only 45 ultimately underwent a
procedure and there were no differences in mortality. STICH,”" a multicentre, non-blinded, randomised
study of 601 patients conducted at 127 clinical sites in 26 countries, with a median follow-up of 5.1 years,
compared optional viability testing using SPECT, echocardiography or both. The results suggested that
viability status is not linked to mortality. Furthermore, these studies have significant weaknesses, as
outlined elsewhere,’ and, based on the recommendation from the clinical expert group, the conclusions
from these studies were deemed as not applicable to the research question under consideration.

Comparison of the results from the evidence

For patients with viable myocardium, results from all three meta-analysis studies were in agreement in
suggesting that patients with viable myocardium will have improved survival after revascularisation. In the
absence of viable myocardium, all three studies report that no clear-cut differences are observed between
treatments, with Allman et al.® reporting slightly higher mortality among revascularised patients, while
Camici et al.%® and Schinkel et al.? report slightly lower mortality rate among patients on medical therapy.
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However, Camici et al.%® observed that the annual mortality rate in patients treated medically appears to be
similar regardless of the presence of viability, which is different from what was reported by Allman et al.®
and Schinkel et al.?* (for patients treated medically, both report higher annual mortality rate among
non-viable patients than in viable patients). Camici et al.%® argue that it could be a reflection of the
optimisation, by twenty-first century standards, of patient management because they have included only
the studies published between 1998 and 2006 whereas Allman et al.® and Schinkel et al.?? have also
included older studies (where patient management might not have been optimal). Data from the study by
Schinkel et al.?? were used in the economic model, since this is the most recent study containing the
largest cohort of patients that is relevant to the current research question.

Mortality rates used in the model

According to the clinical expert group, the mortality of patients with HF because of LV systolic dysfunction
is relatively high in the first 2 years after diagnosis and then falls to an attrition rate that is more or less
constant. In addition, in the subgroups in which revascularisation takes place, there is a short period of

2 months after surgical revascularisation when the mortality rate is higher than those patients who did not
receive surgical revascularisation. However, for the modelling purposes it was difficult to know whether
the patients underwent the revascularisation at an early stage of their illness or not, besides all the

studies accept the presence of an initial downwards dip in the surgically treated patients’ survival curve.
Thus, pragmatically, it was assumed that the survival/mortality rates are constant over time until death and
scenario analyses were performed using different time horizons (5 years and lifetime) to understand the
impact of this assumption.

In the economic model, survival data were incorporated into the model as constant annual mortality rates
for revascularised patients and non-revascularised patients, both with and without viability, i.e. the patients
have different mortality rates dependent upon whether or not they received treatment appropriately.

The economic model used evidence from the Schinkel et al.?? review conducted in 2006 which suggested
that identification of viable myocardium can predict which patients will have improved survival after
revascularisation. The annual mortality rates based on Schinkel et al.?? are presented in Table 10.

However, the clinicians felt that the mortality rates presented in Table 10 are counterintuitive as they
suggest that patients who are revascularised have lower mortality rates, even if they do not have viability.
They commented that this is contrary to common belief that revascularising patients with non-viable
myocardium is unnecessary and may result in poor prognosis. Thus, scenario analysis was performed using
the annual mortality rates from Allman et al.° and the annual mortality rates for this scenario are presented
in Table 11.

Annual mortality of patient subgroups based on Schinkel et al.?

Revascularised patients 3.53 8.45

Non-revascularised patients 12.16 9.59

Annual mortality of patient subgroups based on Allman et al.®

Revascularised patients 3.2 7.7

Non-revascularised patients 16.0 6.2
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Hospitalisations

There is insufficient evidence to model the hospitalisation rates for the four patient groups, i.e. viable
and revascularised, viable but not revascularised, non-viable and revascularised, and non-viable and

not revascularised. Moroi et al.”? reported that there is no difference in hospitalisation rate between the
revascularised and non-revascularised patients with stable ischaemic heart disease. Also, according to
the clinical expert group, the hospitalisation rate is constant except for two periods: in the first 3 months
after discharging the patient from an acute event and in the last 3-6 months of the life of patients who
do not die suddenly. However, for the purposes of the model, it was assumed that the hospitalisation
rate is constant because revascularisation takes place when the HF status and therapy are stable
(therefore less likely to have a high readmission rate), and that the patients in NYHA stage IV are excluded
from revascularisation.

The mean numbers of annual HF-related hospitalisations were estimated from the meta-analysis reported
by Klersy et al.”® and are presented in Table 12. Klersy et al.”® reviewed 17 trials from different countries
which included 2089 patients and reported an annual incidence of HF hospitalisation of 42.1%.

This annual hospitalisation rate was deemed sensible by the clinical expert group for an average
non-revascularised patient with ischaemic cardiomyopathy. However, the clinical expert group reported
that the main reason for revascularisation of patients with viable myocardium is to reduce the number of
hospitalisations through improvement of the LV contraction. In the economic model, hospitalisation rate
was assumed to be the same for three patient groups (viable but not revascularised, non-viable and
revascularised, non-viable and not revascularised) while the annual hospitalisation rate for revascularised
viable patients was assumed to be approximately one-third the hospitalisation rate of other patient
subgroups, as suggested by the clinical expert group. Table 12 shows the parameters used in the model.

Health-related quality of life

This section provides a discussion of the evidence available on the effect caused by revascularisation for
viable patients and non-viable patients on their health-related quality of life (HRQoL), the impact caused
by hospital readmission for HF and the impact caused by hospital readmission for other causes. It was
assumed that the survivors accrued QALYs according to their age and sex and whether or not they were
revascularised. The lifetime QALYs were then estimated based on patients’ life expectancy and their
corresponding annual utilities, depending upon their hospitalisation status.

In the studies identified in the review, there was no direct quantified evidence on the extent to which

revascularisation improves HRQoL of the patients. However, Schinkel et al.?* reported the improvement in
symptoms using NYHA class for the patient subgroups, as shown in Table 13. This improvement in NYHA

TABLE 12 Annual risk of HF hospitalisations per patient in usual care

Viable and revascularised Expert opinion 0.140 0.111t00.16
All other patients® Klersy et al.” 0.421 041005

a i.e viable but not revascularised, non-viable and revascularised, non-viable not revascularied.

TABLE 13 Mean NYHA class (correlated to HRQol) of patient groups

Revascularised patients 1.6+0.5 2.8+0.6 Schinkel et al.?

Non-revascularised patients 2.9+0.5 29+07 Schinkel et al.??
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class was converted into utility values for revascularised and non-revascularised patients (both with and
without viability) in the economic model.

Gohler et al.”* performed regression analysis of QoL data of 1395 patients (mean age of 64 years) against
their NYHA classes and reported that the utilities associated with NYHA classes |-V as reported in

Table 14. It should be noted that the utilities reported are based on analysis of patients with HF after acute
MI and not for patient population in the current study, i.e. patients with ischaemic cardiomyopathy.
However, it was assumed that the NYHA class is an independent measure of HF disease progression and
one that is relevant for all HF patients.

Assuming that the data in Table 14 are applicable to the population in the economic model, the utility
values can be estimated for the different patient groups from the NYHA class, assuming a linear
relationship between the utility values and NYHA class. The deterministic utility values estimated for the
different patient groups are reported in Table 15. For the PSA, the uncertainty in the utility values were
represented by sampling independently from Tables 13 and 74 (i.e. mean NYHA classes of patient groups
and the utility values for each NYHA class) and estimating the utility samples for the different patient
groups by assuming a linear relationship between the utility values and NYHA class.

A disutility was incorporated for every HF-related hospitalisation based on a study by Yao et al.,”> who
estimated the disutility to be equivalent to the utility of one health state lower in terms of NYHA class.
Any HF-related hospitalisation was assumed to result in a disutility of 0.1 for a whole month,

i.e. approximately 0.01. Within the PSA, the disutility was represented using a triangular distribution
(range —0.08 to 0.11; mode —0.1). Evidence on the disutility caused by rehospitalisation for other causes
(not directly HF-related) was limited. In the absence of evidence, we assumed no disutility was caused by
rehospitalisation for other causes.

TABLE 14 Utility values according to NYHA class

NYHA class | 0.855 0.845 to 0.864
NYHA class Il 0.771 0.761 to 0.781
NYHA class Il 0.673 0.665 to 0.690
NYHA class IV 0.532 0.480 to 0.584

TABLE 15 Mean utility of patient groups

Revascularised patients 0.8046 0.6926 Schinkel et al.?
Non-revascularised patients 0.6828 0.6828 Schinkel et al.?
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Treatment effectiveness
In the model, the treatment effectiveness on survival and QoL was assumed to last only 5 years, based on
the length of follow-up of studies included in Schinkel et al.??

This meant that the annual mortality rates and the utility values (shown in Tables 10-15) are valid for only
the first 5 years after the time horizon. After the 5-year treatment effectiveness period, the parameters
for the general population are used.

For survival parameters, the annual mortality rate beyond the 5-year period is estimated by adding the
age-specific annual mortality rate to the disease-specific mortality rate (estimated based on patient
subgroup). The age-specific annual mortality rates are estimated from life expectancy tables assuming
an 85% : 15% male to female ratio.

Furthermore, the utility values are also capped at age-specific general population utilities in order to ensure
that the patient utilities do not exceed the average population utility in their age group. The age-specific
utilities are estimated from a study by Ara et al.?#’¢ assuming an 85% : 15% male to female ratio.

Risks associated with the treatment procedures

The interventions also carried risks to patient health, and these were estimated as a probability of death each
time the procedure was performed. The HES data showed that there were 67,908 PCls compared with
19,743 CABGs, resulting in a PCl to CABG ratio of 3.44. As revascularisation is represented as one procedure
(i.e. not distinguishing between PCl or CABG), the mortality risk for a single revascularisation procedure was
estimated as a weighted average of the mortality of PCl and CABG with their corresponding proportions.
The overall mortality used in the model is as shown in Table 16.

Risks associated with the diagnostic tests
Some of the investigations also carried risks to patient health. These can be modelled by estimating a
QALY loss that was applied each time the investigation was performed.

1. risk of death or Ml induced by stress echocardiography
2. risk of developing death, Ml or radiation-related malignancy as a consequence of SPECT
3. risk of developing death, Ml or radiation-related malignancy as a consequence of PET.

However, given the lack of evidence on the adverse events of the diagnostic tests and the suggestion from
the expert clinical group that they are negligible, the model analyses were performed assuming that there
are no risks associated with the diagnostic tests.

Costs
The costs included in the model are:

1. diagnostic testing costs

2. treatments administered
3. subsequent cardiac hospitalisations.

TABLE 16 Mortality rates associated with each revascularisation procedure

PCI mortality 0.1% BCIS Beta distribution
CABG mortality 1-2% SCTS Beta distribution
Overall mortality 0.52% BCIS, SCTS, HES data Beta distribution

BCIS, British Cardiovascular Intervention Society; SCTS, Society for Cardiothoracic Surgery.
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We assumed that patients would incur costs whenever a diagnostic test was performed, and the costs of
diagnostic tests were estimated from literature, as shown in Table 17. The cost of treatment for
revascularisation was estimated as shown in Table 18.

The mean inpatient admission cost for HF-related hospitalisations was calculated as shown in Table 79
from the weighted average of the costs for the health-related group ‘Heart Failure or Shock’ (EBO3I)
based on the data obtained from the NHS Reference Costs for 2011.”

As there was no evidence on the annual costs of survivors (e.g. beyond hospitalisations), it was assumed
that these costs were the same across both arms.

Summary of modelling input parameters

The Markov model assigned each patient a yearly probability of death, and in each year the patients

who are alive were at risk of HF-related hospitalisations. The risks of death were estimated based on the
patients’ subgroup and age using the data from different scenarios described in Mortality rates used in the
model. The effect of the revascularisation was assumed to last a period of 5 years, and after this the data
from general population were also used. Each patient alive accumulated costs and QALYSs every year
based on their hospitalisation and subgroup. The model used a 40-year time horizon and the economic
perspective of the model was the NHS in England and Wales. Scenario analyses were also performed using
different mortality rates. The summary of the model parameters is provided in Table 20.

TABLE 17 Cost estimates of diagnostic testing used in the model

Estimate (£) 95% ClI (£) Source
Echocardiography 425 400 to 450 HTA: CECaT trial
Stress CMR 600 500 to 700 HTA: CECaT trial
CE CMR 500 400 to 600 HTA: CECaT trial
SPECT 1000 900 to 1100 NICE guidance HTA: CECaT trial
PET 1200 1000 to 1500 Jacklin et al.*> DH 2005

CeCaT, Cost-Effectiveness of non-invasive Cardiac Testing; DH, Department of Health.

TABLE 18 Cost estimates of revascularisation used in the model

Estimate (£f) 95% ClI (£) Source
CABG 7959 6500 to 10,000 NHS reference costs
PCI 2610 1500 to 3000 NHS reference costs
Overall cost 3815 2625 to 4575 NHS reference costs, HES data

TABLE 19 Costs of hospitalisation per patient

Average cost (lower and upper quartile)

HF hospitalisation costs® £1413.59 (£1157.10, £1809.95)

a Heart failure or shock (EBO31), non-elective inpatient (long stay) including excess bed-days.”’
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TABLE 20 Summary of model parameters

Prevalence

0.5

Diagnostic accuracy (sensitivity and specificity)

Echocardiography
Stress CMR

CE CMR

SPECT

PET

(0.776, 0.696)
(0.822, 0.871)
(0.955, 0.530)
(0.851, 0.621)
(0.947, 0.688)

Normal (0.5, 0.03)

Sampled values
Sampled values
Sampled values
Sampled values

Sampled values
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Al-Mohammad
etal’®

Meta-analysis
Meta-analysis
Meta-analysis
Meta-analysis

Meta-analysis

Annual mortality for the different patient subgroups using data from Schinkel et al.?

Viable and revascularised 0.0353 Normal (0.0353, 0.0071) Schinkel et al.??
Non-viable and revascularised 0.0845 Normal (0.0845, 0.0092) Schinkel et al.?
Viable and on medical therapy 0.1216 Normal (0.1216, 0.0087) Schinkel et al.?
Non-viable and on medical therapy 0.0959 Normal (0.0959, 0.0074) Schinkel et al.?

Annual mortality for the different patient subgroups using data from Allman et al.®

Viable and revascularised 0.032 Normal (0.032, 0.006) Allman et al.®
Non-viable and revascularised 0.16 Normal (0.16, 0.0087) Allman et al.®
Viable and on medical therapy 0.077 Normal (0.077, 0.008) Allman et al.®
Non-viable and on medical therapy 0.062 Normal (0.062, 0.006) Allman et al.®
Hospitalisation rates for different patient subgroups
Viable and revascularised 0.14 Normal (0.14, 0.01) Expert opinion,
Klersy et al.”
Non-viable and revascularised 0.421 Normal (0.421, 0.03) Klersy et al.”
Viable and on medical therapy 0.421 Normal (0.421, 0.03) Klersy et al.”
Non-viable and on medical therapy 0.421 Normal (0.421, 0.03) Klersy et al.”
HRQol for patient different subgroups
Viable and revascularised 0.8046 Sampled values Gohler et al.,”*
Schinkel et al.”?
Non-viable and revascularised 0.6926 Sampled values Gohler et al.,”
Schinkel et al.*?
Viable and on medical therapy 0.6828 Sampled values Gohler et al.,”

Schinkel et al.?

Non-viable and on medical therapy 0.6828 Sampled values Gohler et al.,”
Schinkel et al.?

continued
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TABLE 20 Summary of model parameters (continued)

Costs of diagnostic tests

Echocardiography £425 Triangular (400, 425, 450) Expert opinion,
HTA: CECaT trial

Stress CMR £600 Triangular (500, 600, 700) Expert opinion,
HTA: CECaT trial

CE CMR £500 Triangular (400, 500, 600) Expert opinion,
HTA: CECaT trial

SPECT £1000 Triangular (900, 1000, 1100) Expert opinion,
HTA: CECaT trial

PET £1200 Triangular (1000, 1200, 1500) Jacklin et al.,*
DH 2005

Hospitalisation costs and disutility

Hospitalisation costs £1413 Normal (£1413, £125) NHS reference
costs

QALY loss -0.01 Triangular (-0.008, -0.01, -0.011) Expert opinion,
Yao et al.”®

Revascularisation costs and perioperative mortality

Hospitalisation costs £3815 Triangular (£2625, £3815, £4575) NHS reference

costs, HES data
Risk of death for viable patients 0.005 Normal (0.005, 0.0003) Expert opinion
Risk of death for non-viable patients 0.01 Normal (0.01, 0.0005) Expert opinion

DH, Department of Health.

Methods to estimate cost-effectiveness

Cost-effectiveness of the different interventions was estimated using both the incremental
cost-effectiveness ratio (ICER) and net monetary benefit (NMB) approach. Uncertainty was incorporated in
the modelling by performing PSA. A description of these terms and approaches is provided in this section.

Definitions of cost-effectiveness terms

The ICER measures the relative value of two strategies and is calculated as the mean incremental costs
divided by the mean incremental benefits, i.e. the additional cost required using the strategy to accrue one
additional QALY compared with the next most effective alternative. A strategy is dominated when another
strategy accrues more QALYs for less cost. Extended dominance occurs when a combination of two
alternative strategies can produce the same QALYs as a chosen strategy but at a lower cost. Strategies
that are neither dominated nor extendedly dominated constitute the cost-effectiveness frontier, and the
ICER is reported for these strategies compared with the next least effective strategy. However, as there

are multiple possible strategies, ICERs need to be calculated between different pairs, comparing each
strategy against the next most effective strategy.

The willingness-to-pay (WTP) threshold is the amount of money the decision-maker is willing to pay

to gain one additional QALY. The usual threshold for decision-making at NICE is considered to be around
£20,000 per QALY,” so if the ICER exceeds £20,000 per QALY then the strategy is unlikely to be
considered cost-effective.

The NMB is defined as the QALYs multiplied by a value for the QALYs (e.g. £20,000) minus the costs of

obtaining them, i.e. NMB = QALYs x A — cost, where ) is the WTP threshold. The net benefit approach is
simpler to calculate and gives equivalent findings (but requires an explicit assumption regarding the value of A).
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Uncertainty analysis

The results presented in Results of independent economic assessment include the effects of accounting for
uncertainty in the model parameters, i.e. essentially the Cls surrounding the diagnostic accuracy, costs,
utilities and risks (for mortality and HF hospitalisations). PSA is undertaken where the model is rerun
(10,000 times) each time with a different value for the sensitivity and specificity estimates, mortality risks,
hospitalisation rates, costs and utilities which are sampled from the probability distributions.

The cost-effectiveness acceptability curve (CEAC) shows the proportion of model runs for which each
strategy is cost-effective over a range of potential WTP thresholds (i.e. A). Another measure of uncertainty
is the overall expected value of perfect information (EVPI). This calculation is done based on the theory that
the decision-maker will choose the most cost-effective option but could acquire additional evidence to
reduce the uncertainties in the decision, e.g. knowing exactly what the mortality and hospitalisation risks
are for each patient group rather than having evidence based on current best estimates and Cls. In the
EVPI calculation, it can be estimated how often making the decision based on current evidence could be
wrong and also how many QALYs (and costs) would be lost by choosing the strategy that is expected to
be most cost-effective given current evidence when in fact one of the other strategies is truly the most
cost-effective. Valuing the QALYs lost by making a ‘wrong’ decision to choose a strategy based on current
evidence by using the WTP threshold, one can estimate a monetary value for this possible loss on each

of the occasions when another strategy would be optimal, i.e. the net benefit lost. This can be multiplied
by the number of patients per year and the expected lifetime of the decision to estimate the population
EVPI. The interpretation of this number is that if one could fund research to eliminate the uncertainty in
mortality risks for different patient groups (e.g. by a large or infinitely large clinical trial) then the value of
eliminating the uncertainty via such research would be expected to be the population EVPI.

Results of the independent economic assessment

This section details the results of the cost-effectiveness analyses estimated for a cohort of 10,000 patients
as mean values of 10,000 PSA runs, each PSA run with a different estimate for the prevalence, diagnostic
parameters, hospitalisation rates, costs and utilities sampled from the probability distributions reported

in Table 20.

Results are presented using different mortality parameters as summarised in Tables 70 and 77.

The cost-effectiveness for both of these scenarios was performed for all the diagnostic pathways
reported in Cost-effectiveness results for scenario using data from Allman et al.® and Cost-effectiveness
results for scenario using data from Schinkel et al.??

This approach was taken to address the uncertainty in the mortality evidence. For decision-makers who
need to decide which of these presented results are most representative of their setting, the key questions
relate to the effect of revascularising non-viable patients. If the mortality rates presented in Table 10 are
correct (i.e. patients who are revascularised have lower mortality rates, even if they do not have viability),
then the results from that scenario might be considered more relevant. However, if the mortality rates
presented in Table 77 are correct (i.e. the annual mortality rates for revascularised patients with non-viable
myocardium are higher than for patients with non-viable myocardium on medical therapy), then the results
from this scenario might be considered more relevant.

In each case, the expected estimates of cost-effectiveness and the uncertainty around them are presented,
along with the probability that each of the strategies on the cost-effectiveness frontier is the most
cost-effective. The EVPI, a measure of how valuable it would be to eliminate all the existing uncertainty
evidence, is also provided for each scenario.
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Diagnostic performance of different pathways
Table 21 shows the mean values of sensitivity and specificity of all the pathways tested in the model,
estimated from the meta-analysis.

The mean numbers of patients in different subgroups after the diagnostic pathway are shown in Table 22.
These patient numbers are estimated using an initial cohort size of 10,000 patients with a mean
prevalence of viable myocardium of 0.5, i.e. 5000 patients out of a total of 10,000 patients are viable,
with the remainder of the 5000 patients non-viable. The higher the sensitivity of the pathway, the higher
the proportion of 5000 patients with viable myocardium detected to be revascularised and, consequently,
the lower the number of patients with viable myocardium on medical therapy. Similarly, the higher the
specificity, the higher the number of patients with non-viable myocardium detected correctly

(and not revascularised unnecessarily) and the lower the number of revascularised patients with
non-viable myocardium.

As presented earlier, the revascularisation procedure carries a risk of perioperative mortality. The mean
value of this risk of death in the model is 0.5% for patients with viable myocardium and 1% for patients
who do not have viable myocardium. The mean values of total number of deaths for each diagnostic
pathway are also presented in Table 22.

Although the performance of the diagnostic pathways in terms of sensitivity and specificity is the same
in both scenarios tested, the cost-effectiveness estimates are different because of the effect of different
mortality assumptions (which affect the total costs and total QALYs). Therefore, cost-effectiveness for
each of these scenarios is presented separately below and the users can decide which scenario is most
relevant for them.

TABLE 21 Overall sensitivity and specificity of diagnostic pathways

No testing 0.000 1.000

Echocardiography 77.6 (70.7 to 83.3) 69.6 (62.4 to 75.9)
Stress CMR 82.2 (73.2t0 88.7) 87.1(80.4 10 91.7)
CE CMR 95.5 (94.1 t0 96.7) 53.0 (40.4 t0 65.2)
SPECT 85.1(78.1 10 90.2) 62.1(52.7 t0 70.7)
PET 94.7 (90.3 t0 97.2) 68.8 (50.0 to 82.9)
Revascularise all 1.000 0.000

TABLE 22 Patient subgroups immediately after different diagnostic pathways

No testing 0 0 5000 5000 0.0

Echocardiography 3880 1520 1120 3480 34.6
Stress CMR 4110 645 890 4355 27

CE CMR 4775 2350 225 2650 47.3
SPECT 4255 1895 745 3105 40.2
PET 4735 1560 265 3440 39.3
Revascularise all 5000 5000 0 0 75.0
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Cost-effectiveness results for scenario using data from Allman et al.®

This section presents the cost-effectiveness results using the mortality rates presented in Table 71. If the
annual mortality rates for non-viable patients are higher for revascularised patients than for patients on
medical therapy, then the results from this scenario might be considered more relevant.

In this scenario, no testing, the stress CMR, CE CMR and PET pathways are on the cost-effectiveness
frontier, as shown in Table 23. Stress CMR is cost-effective with a mean ICER of £1073.8 per QALY
compared with the no testing strategy, and CE CMR has an ICER of £2906.5 per QALY compared with
stress CMR. Both strategies are cost-effective assuming a threshold of £20,000 per QALY. Echocardiography
and SPECT are dominated by stress CMR and CE CMR respectively. In addition, PET is not cost-effective

at a threshold of £20,000 per QALY as it has an ICER of £21,299 per QALY compared with CE CMR.
Furthermore, the strategy of revascularising everyone is dominated by PET. Thus, CE CMR is estimated

to be the most cost-effective option at a threshold of £20,000/QALY. This is because CE CMR has good
sensitivity with a reasonable specificity and also costs less, resulting in it being the best strategy in terms of
cost-effectiveness. The higher ICER for PET can be attributed to its high costs even though it has better
sensitivity and specificity than CE CMR.

Furthermore, it should be noted that, compared with no testing, all the diagnostic pathways are
cost-effective at the current NICE threshold. This suggests that all current services for diagnosing viable
myocardium are a cost-effective use of NHS resources irrespective of the diagnostic pathway used,
provided their costs and diagnostic accuracy are similar to those reported in this analysis.

Another presentation of these same results is to calculate the net benefit of each strategy. This approach
takes away the need to calculate the ICERs and simplifies the interpretation for decision makers as the
strategy with the highest expected incremental monetary net benefit is the most cost-effective. Since the
model is rerun 10,000 times each time with different values for the sensitivity, specificity, costs and utilities
sampled from the probability distributions, in some of the sampled model runs, it could turn out that one
diagnostic pathway is better than others because of the overlap in their Cls. For example, there is a chance

TABLE 23 Incremental cost-effectiveness ratios for the diagnostic pathways on the cost-effectiveness frontier

No testing 37,301,604.28 40,195.52 -

Echocardiography 58,128,798.55 57,726.28 Dominated by stress CMR
Stress CMR 57,813,941.19 59,298.41 1073.8/QALY

CE CMR 64,224,494.74 61,503.98 2906.5/QALY

SPECT 66,189,474.51 59,249.63 Dominated by CE CMR
PET 68,938,873.64 61,725.31 21,299/QALY
Revascularise everyone 68,277,954.54 60,969.28 Dominated by PET

© Queen'’s Printer and Controller of HMSO 2014. This work was produced by Campbell et al. under the terms of a commissioning contract issued by the Secretary of State for
Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.

51



ASSESSMENT OF COST-EFFECTIVENESS

that in truth, the cost effectiveness of PET could be better than CE CMR. The CEAC in Figure 8 shows
the proportion of model runs for which each strategy is cost-effective over a range of potential WTP
thresholds. The proportion of models runs in which CE CMR was the most cost-effective strategy

(at £20,000 per QALY threshold) was 40%, with PET at 42% and revascularising everyone at 16.5%,
as shown in Figure 8.

A CEAC in which the best strategy is not cost-effective all the time indicates that there is uncertainty

as to which strategy is the optimal in terms of NMB. This uncertainty can also be measured as overall EVPI,
which is defined as the maximum investment a decision-maker would be willing to pay to eliminate all
parameter uncertainty from the decision problem. The EVPI at the threshold of £20,000 per QALY in this
case is £620 per patient for whom the decision is made, as shown in Figure 9. The population EVPI per
annum can be estimated by multiplying the EVPI per patient with the annual incidence of patients with
ischaemic cardiomyopathy in England and Wales.

1.04
_02) 0.91
i}
o 0.81
7
w 0.71 — No testing
o —
Y 0.61 ECHO
o — Stress CMR
‘o 0.51 CE CMR
. — SPECT
o 0.41 PET
>
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o
-8 0.21
& 0.11 \\
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FIGURE 8 Cost-effectiveness acceptability curve for scenario using data from Allman et al.* MAICER, maximum
acceptable incremental cost-effectiveness ratio.
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FIGURE 9 Expected value of perfect information per patient for scenario using data from Allman et al.®
MAICER, maximum acceptable incremental cost-effectiveness ratio.
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Cost-effectiveness results for scenario using data from Schinkel et al.??

The analyses were also performed using mortality rates presented in Table 70, based on the data from
Schinkel et al.?* If patients who are revascularised have lower mortality rates, even if they do not have
viability, then the results from this scenario might be considered more relevant.

The strategies that are on the cost-effectiveness frontier are the no testing, stress CMR, CE CMR and
revascularise everyone pathways, and the ICERs calculated for these strategies are as shown in Table 24.
In this scenario, revascularising everyone is estimated to be the most cost-effective option with an ICER of
£3612 per QALY. This is because all patients get benefit from revascularisation (including the non-viable
patients); therefore, revascularising everyone is the best strategy in terms of cost-effectiveness.

All the diagnostic pathways are cost-effective at the current NICE threshold when compared with no
testing. This suggests that all the current services for diagnosing viable myocardium are a cost-effective use
of NHS resources in this scenario as well, provided their costs and diagnostic accuracy are similar to those
reported in this analysis.

Revascularising everyone was the most cost-effective strategy (at £20,000 per QALY threshold) and is
cost-effective in 95.2% of the model runs, with CE CMR and PET being cost-effective in 3.6% and 1.1%
of the runs respectively (Figure 10). The decrease in uncertainty compared with the scenario using data
from Allman et al.° can be attributed to the fact that all patients receive benefit from revascularisation
(including the non-viable patients) in the current scenario (i.e. using data from Schinkel et al.?), thus
revascularising everyone is the best strategy in terms of cost-effectiveness. In contrast, in the scenario using
Allman et al.®, the benefits of revascularisation are only from the patients in the viable myocardium group
(rather than everyone as in scenario 1). This reduction in uncertainty is also reflected in the EVPI of only
£28 per patient, as seen in Figure 117.

TABLE 24 Incremental cost-effectiveness ratios for the diagnostic pathways on the cost-effectiveness frontier

No testing 35,364,889.9 38,011.57 -

Echocardiography 54,812,088.5 53,339.42 Dominated by stress CMR
Stress CMR 53,675,251.2 53,927.02 £1150.5/QALY

CE CMR 60,963,216.6 57,040.69 £2340.6/QALY

SPECT 62,923,997.1 54,866.92 Dominated by CE CMR
PET 65,100,350.7 56,612.86 Dominated by CE CMR
Revascularise everyone 66,940,003.9 58,695.24 £3612.3/QALY
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FIGURE 11 Expected value of perfect information per patient for scenario 3. MAICER, maximum acceptable
incremental cost-effectiveness ratio.

Discussion of the cost-effectiveness results

All the diagnostic pathways are cost-effective when compared with no testing at the current NICE
threshold in both scenarios. This suggests that all the current services for diagnosing viable myocardium
are a cost-effective use of NHS resources irrespective of the diagnostic pathway used, provided their costs
and diagnostic accuracy are similar to those reported in this analysis. This is because any reduction in
mortality leads to gain in QALYs and, as a result of the low costs of diagnostic pathways, all of them are
cost-effective at the current NICE threshold.

In terms of determining the most cost-effective strategy, diagnostic parameters and mortality rates of the
different subgroups are the key drivers in the model. Two different scenarios relating the mortality rates
were analysed in the model; this approach was taken to address the uncertainty in the mortality evidence.
For decision-makers who need to decide which of these presented results are most representative of their
setting, the key questions relate to the effect of revascularising non-viable patients. If patients who are
revascularised have lower mortality rates, even if they do not have viability, then revascularising everyone is
the most cost-effective strategy. If there is no benefit of revascularising non-viable patients, then CE CMR
is the most cost-effective strategy at a threshold of £20,000/QALY. However, there is uncertainty involved
in suggesting it as the most cost-effective strategy.
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Chapter 5 Discussion

Discussion of diagnostic accuracy review

Twenty-four diagnostic accuracy studies were included in the systematic review.,'®17:25:27-31.34-41.4344,46.47.49.53
Ten studies'”:27:28:31:34.3537.39.4047 axplored the diagnostic accuracy of stress CMR to detect viable myocardium
in patients with cardiovascular disease. Twelve studies'>?>293037.3841.43.44464951 ayplored the diagnostic
accuracy of CE CMR, while two**?® explored (and reported with sufficient data) both stress CMR and CE
CMR to establish their diagnostic accuracy in correctly diagnosing viable myocardium, amenable to
revascularisation. In all included studies the reference standard was recovery following revascularisation.
The number of included participants was small (from 10 to 65 participants) and the majority of participants
were men. The population included patients with cardiovascular disease and impaired LV dysfunction,

but all studies excluded patients with very recent Ml (< 4 months). More studies were carried out in
Germany than in any other country, and dates of publication suggest that earlier work explored stress
CMR, with a trend to more recent evaluations of CE CMR. The studies varied in their reporting of the
study design. All were prospectively carried out, and the analysis was a within-subject comparison in

each study. Few studies adequately blinded analysts, and this may have created a source of bias in the
interpretation of the test and reference standard results. Most of the studies reported sensitivities and
specificities based on ‘per segment’ rather than ‘per patient’ analysis. These have been pooled together in
the analyses, potentially not allowing the results to be interpreted with sufficient caution.

Late gadolinium-enhanced CMR was a more sensitive test (95.5%, 95% Cl 94.1% to 96.7%) for
identifying viable myocardium compared with stress CMR (82.2%, 95% Cl 73.2% to 88.7%). Stress CMR,
however, had greater specificity than CE CMR (87.1%, 95% Cl 80.4% to 91.7% vs. 53%, 95% Cl 40.4%
to 65.2% respectively). These values were determined for improvement in LV function

following revascularisation.

Sensitivity analysis was carried out to explore the impact of very small studies (n < 10), the impact of
population differences at baseline in terms of pre-existing extent of ventricular dysfunction and the
potential risk of duplicate publication. None of these additional analyses found a significant difference in
the overall pooled results.

Few studies reported adverse effects occurring as a result of either the index test or the follow-up
evaluation. A number of studies (n = 8) described patients withdrawing from the study before the
follow-up assessment, after revascularisation. This may indicate patient discomfort with the procedure.

Limitations and strengths of the review

We conducted extensive literature searches to locate all relevant studies. The methods for identifying
diagnostic studies are less robust and, despite efforts to identify all relevant studies, the fact that two
included studies were not identified in the electronic searches made us aware that there may be additional
studies we have not identified.”

Our review is limited by the lack of high-quality, well-reported studies. Most studies that provided data on
diagnostic accuracy had small sample sizes (range 8-65) and reported results on a per segment rather than
per patient basis. Our review, therefore, provides information on the ability of these techniques to detect
viability within particular myocardial segments but not for determining the presence or absence of viable
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myocardium on a per patient basis. Analysis by segment also means that the estimates of the 95% Cls for
sensitivity and specificity do not account for the clustering of segments within patients.

Our findings are consistent with a recent review carried out by Romero et al.?' Although there were some
differences in inclusion and exclusion criteria (they excluded studies using higher doses of dobutamine,
i.e. 15 pg/kg per minute, and abstracts), the weighted means were similar in each review. For stress

CMR the sensitivity and specificity in the Romero et al.?" review was 81% and 91% respectively.

For CE CMR, the sensitivity and specificity was 95% and 51% respectively.

Discussion of cost-effectiveness results

All the diagnostic pathways are cost-effective when compared with no testing at current NICE thresholds
in all three scenarios. This suggests that all the current services for diagnosing viable myocardium are a
cost-effective use of NHS resources irrespective of the diagnostic pathway used, provided their costs and
diagnostic accuracy are similar to those reported in this analysis. This is because any reduction in mortality
leads to gain in QALYs and, as a result of the low costs of diagnostic pathways, all of them are
cost-effective at the current NICE threshold.

In terms of determining the most cost-effective strategy, diagnostic parameters and mortality rates of the
different subgroups are the key drivers in the model. Mortality reduction leads to gaining more QALYs
and, as the intervention costs are only a small part of the overall costs, a diagnostic pathway is likely to
be cost-effective if it can help save lives. However, the most cost-effective strategy is dependent on the
mortality rates after revascularisation for patients with non-viable myocardium. Different scenarios relating
the mortality rates were analysed in the model to address the uncertainty in the mortality evidence.

For decision makers who need to decide which of these presented results is most representative of their
setting, the key questions relate to the effect of revascularising patients with non-viable myocardium.

If patients who are revascularised have lower mortality rates, even if they do not have viability, then
revascularising everyone is the most cost-effective strategy. If there is no benefit for revascularising
non-viable patients, then CE CMR is the most cost-effective strategy at a threshold of £20,000/QALY,
but there is uncertainty involved in suggesting it as the most cost-effective strategy.

Statement of principal findings

The current evidence is difficult to interpret given the variability of the diagnostic criteria used in different
studies, and to the conflicting outcomes of the studies that looked at the issues of revascularisation and
viability imaging in the literature. We have tried to cover that uncertainty through proposing different
scenarios and applying the current evidence base to each of these scenarios. If the presence of viable
myocardium is believed to have an impact on the management strategy, then a viability assessment using
CE CMR appears to be most cost-effective.

Limitations and strengths of the analysis

Although an extensive literature search was conducted, it is possible that some relevant studies may have
been missed. However, the impact of such omissions is likely to have been minimal, as the search included
all identifiable publications in the grey literature (including contact with clinical experts in the field).

The data were analysed using a bivariate regression method, assuming that the sensitivity and specificity
values from individual studies (after logit transformation) within the meta-analysis are normally distributed.
Parameter estimates were estimated using Markov chain Monte Carlo, but do not include uncertainty in
the estimate of the between-study standard deviation. The cost-effectiveness analysis has been undertaken
assuming that the 95% confidence region represents the best knowledge regarding the relative
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uncertainty in the diagnostic parameters. It is a limitation that the sensitivity and specificity values are
sampled just from the 95% confidence region rather than from the 95% predictive region, which allows
the estimation of the predictive distribution of the effect of each intervention in a new study.

The primary analysis assumed single testing scenarios. The results of multiple test pathways are not
included in the analysis for a number of reasons, as outlined in Chapter 4, Selection of pathways.
However, it is a limitation of the model that the multiple diagnostic tests are not part of the analysis.

The hospitalisation rate is constant except for two periods: in the first 3 months after discharging the
patient from an acute event and in the last 3-6 months of the life of the patient who does not die
suddenly. However, for the purposes of the model, it was assumed that the hospitalisation rate is constant
because revascularisation takes place when the HF status and therapy are stable (thus less likely to have a
high readmission rate), and that the patients in stage NYHA IV are excluded from revascularisation
according to the clinical expert group.

Any limitations in the evidence base also manifest as limitations of the cost-effectiveness model.

One limitation was the assumption of constant mortality rates. The mortality of patients with HF because
of LV systolic dysfunction follows a pattern where the mortality is relatively high in the first 2 years after
diagnosis and then falls to an attrition rate that is more or less constant. In addition, in the subgroups in
which revascularisation takes place, there is a short period of 2 months after surgical revascularisation
when the mortality rate is higher than among those patients who did not undergo surgical
revascularisation. However, for the study purposes, it was difficult to know whether or not the patients
underwent the revascularisation at an early stage of their illness; in any case all the studies accept the
presence of an initial downwards dip in the surgically treated patients’ survival curve. Thus, pragmatically,
it was assumed that the survival/mortality rates are constant. If the studies reported observations at
different time points, time-dependent mortality rates can be estimated and used in the cost-effectiveness
model. Furthermore, duration of clinical effectiveness after revascularisation can also be identified.

Scenarios for different mortality rates after revascularisation for patients with non-viable myocardium were
developed and their cost-effectiveness were estimated. Although the users can decide which of these
analyses is most representative of their setting, uncertainties still remain about the assumptions made in
the estimation of these mortality rates. This uncertainty in the mortality rates after revascularisation for
patients with non-viable myocardium is a limitation, especially given that the aim of any diagnostic
pathway is to correctly identify patients with viability; any small difference in mortality patterns can lead to
marked changes in the cost-effectiveness. One limitation is that the mortality rates after revascularisation
remained the same for the different diagnostic pathways, whereas in reality there might be some
correlation between the diagnostic pathways and outcomes after revascularisation in different

diagnostic pathways.

Uncertainties

In terms of determining the most cost-effective strategy, diagnostic parameters and mortality rates of the
different subgroups are the key drivers in the model. However, there is uncertainty in the mortality
evidence, especially in the differences in mortality rates for non-viable patients on medical therapy and
after revascularisation. This uncertainty is reflected in different strategies being cost-effective in the
different scenarios of mortality rates analysed.
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Chapter 6 Conclusions

Implications for service provision

Given the uncertainty in the mortality rates, the cost-effectiveness analysis was performed using a set of
scenarios. In general, although the diagnostic accuracy of the pathways varied widely, all the diagnostic
pathways are cost-effective when compared with no testing at current NICE threshold in both scenarios.
This suggests that all the current services for diagnosing viable and potentially hibernating myocardium are
a cost-effective use of NHS resources irrespective of the diagnostic pathway used, provided their costs and
diagnostic accuracy are similar to those reported in this analysis. The cost-effectiveness analyses suggest
that revascularising everyone and CE CMR were the optimal strategies in most of the scenarios.

Suggested research priorities

To aid robust cost-effectiveness estimations, the mortality rates associated with different patient subgroups
need to be reported in detail. In addition, QoL, patient severity status transitions (e.g. NYHA class) and
hospitalisations need to be reported with observations at specific time points to enable the estimation of
effectiveness of revascularisation over time and also to identify the effectiveness duration

of revascularisation.

Implementation costs (such as set-up costs, staff training costs and costs for running of diagnostic services)
were often missing from the studies in the review. Future studies should provide greater detail of the costs
of reconfiguration and link more clearly with the financial impact (e.g. cost variation with scale and over
time) on provider organisations. Wider adaptation of diagnostic imaging pathways in the NHS can be
facilitated by providing financial impact data along with the cost-effectiveness information.

Consensus on reporting of diagnostic testing data in this clinical area would facilitate comparison of trial
data and data synthesis in the future. Further research using universally agreed methodology of assessment
of viability to answer both the question of testing viability and the impact of revascularisation or best
medical therapy in this group of high-risk patients while remaining a priority, is understood to be very
difficult to achieve in real clinical settings.
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Appendix 1 Search strategy

MEDLINE search strategies

Initial search

—_

. Cardiomyopathies/ or Myocardial Ischemia/ or Cardiomyopathy, Dilated/
(isch$ adj1 cardiomyopath$).mp. [mp=protocol supplementary concept, rare disease supplementary
concept, title, original title, abstract, name of substance word, subject heading word, unique identifier]
1or2
Magnetic Resonance Imaging/ or Magnetic Resonance Imaging, Cine/
cardiac magnetic resonance imag$.ti,ab.
cardiac magnetic resonance.mp.
CMR .ti,ab.
or/4-7
9. 3and 8
10. exp "Sensitivity and Specificity"/
11. sensitivity.tw.
12. specificity.tw.
13. ((pre-test or pretest) adj probability).tw.
14. post-test probability.tw.
15. predictive value$.tw.
16. likelihood ratio$.tw.
17. or/10-16
18. prognosis.sh.
19. diagnosed.tw.
20. cohort:.mp.
21. predictor:.tw.
22. death.tw.
23. exp models, statistical/
24. or/18-23
25. 17 or 24
26. 9 and 25
27. Meta-Analysis/
28. meta analy$.tw.
29. metaanaly$.tw.
30. meta analysis.pt.
31. (systematic adj (review$1 or overview$1)).tw.
32. exp Review Literature/
33. or/27-32
34. cochrane.ab.
35. embase.ab.
36. (psychlit or psyclit).ab.
37. (psychinfo or psycinfo).ab.
38. (cinahl or cinhal).ab.
39. science citation index.ab.
40. bids.ab.
41. cancerlit.ab.
42. or/34-41
43. reference list$.ab.
44. bibliograph$.ab.

N
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45. hand-search$.ab.

46. relevant journals.ab.

47. manual search$.ab.

48. or/43-47

49. selection criteria.ab.

50. data extraction.ab.

51. 49 or 50

52. review.pt.

53. 51 and 52

54. comment.pt.

55. letter.pt.

56. editorial.pt.

57. animal/

58. human/

59. 57 not (57 and 58)

60. or/54-56,59 (4,524,361)

61. 33 or 42 or 48 or 53 (1,626,552)

62. 61 not 60 (1,479,918)

63. 9 and 62

64. randomized controlled trial.pt.

65. controlled clinical trial.pt.

66. randomized controlled trials/

67. random allocation/

68. double blind method/

69. single blind method/

70. clinical trial.pt.

71. exp Clinical Trial/

72. (clin$ adj25 trial$).ti,ab.

73. ((singl$ or doubl$ or trebl$ or tripl$) adj25 (blind$ or mask$)).ti,ab.

74. placebos/

75. placebos.ti,ab.

76. random.ti,ab.

77. research design/

78. or/64-77

79. 9 and 78

80. Practice Guideline/

81. Guideline/

82. Practice Guidelines as Topic/

83. Consensus Development Conference/

84. Guideline Adherence/

85. practice guideline.pt.

86. guideline.pt.

87. consensus development conference.pt.

88. practice guideline$.tw.

89. practice parameter$.tw.

90. recommendation$.tw.

91. guideline$.ti.

92. consensus.ti.

93. 0r/80-92

94. (comment or letter or editorial or note or erratum or short survey or news or newspaper article or
patient education handout or case report or historical article).pt.

95. 93 not 94

96. Animals/
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97. 95 not 96

98. 9 and 97

99. Economics/
100. "costs and cost analysis"/
101. Cost allocation/
102. Cost-benefit analysis/
103. Cost control/
104. cost savings/
105. Cost of illness/
106. Cost sharing/
107. "deductibles and coinsurance"/
108. Health care costs/
109. Direct service costs/
110. Drug costs/
111. Employer health costs/
112. Hospital costs/
113. Health expenditures/
114. Capital expenditures/
115. Value of life/
116. exp economics, hospital/
117. exp economics, medical/
118. Economics, nursing/
119. Economics, pharmaceutical/
120. exp "fees and charges"/
121. exp budgets/

122. (low adj cost).mp.

123. (high adj cost).mp.

124. (health?care adj cost$).mp.

125. (fiscal or funding or financial or finance).tw.

126. (cost adj estimate$).mp.

127. (cost adj variable).mp.

128. (unit adj cost$).mp.

129. (economic$ or pharmacoeconomic$ or price$ or pricing).tw.

130. 0r/99-129
131. 9and 130

Additional searches

*Myocardial Revascularisation/
Magnetic Resonance Imaging/
magnetic resonance imag$.ti,ab.
MRI.ti,ab.

or/2-4

1and 5

ri.fs.

Myocardial Infarction/
Coronary Disease/

10. Coronary Artery Disease/

11. or/2-4

12. 1and 5

13. difs.

14. 6 and 7

15. Magnetic Resonance Imaging/

O Nk wWwN =
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16. 8 and 9

17. Cardiomyopathies/ or Myocardial Ischemia/ or Cardiomyopathy, Dilated/

18. (isch$ adj1 cardiomyopath$).mp. [mp=protocol supplementary concept, rare disease supplementary
concept, title, original title, abstract, name of substance word, subject heading word, unique identifier]

19. Tor2

20. Magnetic Resonance Imaging/ or Magnetic Resonance Imaging, Cine/

21. cardiac magnetic resonance imag$.ti,ab.

22. cardiac magnetic resonance.mp.

23. CMR.ti,ab.

24. or/4-7

25. 3and 8

26. comparative study.pt

27. 9and 10

28. *Magnetic Resonance Imaging/

29. myocardial salvage.ti,ab.

30. 1and 2
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Appendix 2 List of excluded studies

TABLE 25 Full-text articles with reasons for exclusion

Alfakih K, Sparrow P, Plein S, Sivananthan MU, Walters K, Ridgway JP, et al. Delayed
enhancement imaging: standardised segmental assessment of myocardial viability in
patients with ST-elevation myocardial infarction. Eur J Radiol 2008;66:42—7

Baer F, Voth E, Larosee K, Theissen P, Crnac J, Schmidt M, et al. Predictive value of
functional and metabolic parameters of myocardial viability for the post-
revascularisation recovery of left-ventricular function: dobutamine-TEE and
dobutamine-MRI versus FDG-PET. Eur Heart J 1998;19:629

Baer FM, Voth E, Schneider CA, Theissen P, Crnac J, Schmidt M, et al. Dobutamine-
magnetic resonance imaging is a reliable alternative to positron emission tomography
for the prediction of functional recovery of viable myocardium after successful
revascularisation. Circulation 1998;98:1513

Barmeyer AA, Stork A, Bansmann M, Muellerleile K, Heuer M, Bavastro M, et al.
Prediction of myocardial recovery by dobutamine magnetic resonance imaging
and delayed enhancement early after reperfused acute myocardial infarction.
Eur Radiol 2008;18:110-18

Bauner KU, Muehling O, Theisen D, Hayes C, Wintersperger BJ, Reiser MF, et al.
Assessment of myocardial viability with 3D MRI at 3T. Am J Roentgenol
2009;192:1645-50

Bax JJ, de RA, van der Wall EE. Assessment of myocardial viability by MRI.
J Magn Reson Imag 1999;10:418-22

Bax JJ, Lamb H, Dibbets P, Pelikan H, Boersma E, Viergever EP, et al. Comparison of
gated single-photon emission computed tomography with magnetic resonance
imaging for evaluation of left ventricular function in ischemic cardiomyopathy.

Am J Cardiol 2000;86:1299-305

Bax JJ, van der Wall EE. Evaluation of myocardial viability in chronic ischemic
cardiomyopathy. Int J Cardiovasc Imag 2003;19:137-40

Bax JJ. Assessment of myocardial viability in ischemic cardiomyopathy. Heart Lung
Circulat 2005;14:8-13

Bax JJ, Poldermans D, Elhendy A, Boersma E, van der Wall EE. Assessment of
myocardial viability by nuclear imaging techniques. Curr Cardiol Rep 2005;7:124-9

Bax JJ, Poldermans D, Schuijf JD, Scholte AJ, Elhendy A, van der Wall EE. Imaging to
differentiate between ischemic and nonischemic cardiomyopathy. Heart Fail Clin
2006;2:205-14

Beanlands RS, Chow BJ, Dick A, Friedrich MG, Gulenchyn KY, Kiess M, et al. CCS/CAR/
CANM/CNCS/CanSCMR joint position statement on advanced noninvasive cardiac
imaging using positron emission tomography, magnetic resonance imaging and
multidetector computed tomographic angiography in the diagnosis and evaluation of
ischemic heart disease — executive summary. Can J Cardiol 2007;23:107-19

Becker M, Altiok E, Lente C, Otten S, Friedman Z, Adam D, et al. Layer-specific analysis
of myocardial function for accurate prediction of reversible ischaemic dysfunction in
intermediate viability defined by contrast-enhanced MRI. Heart 2011;97:748-56

Becker M, Lenzen M, Stempel K, Franke A, Kelm M, Hoffmann R. The use of
myocardial deformation imaging based on ultrasonic pixel tracking to identify reversible
myocardial dysfunction. Circulation 2007;116:501

Beek AM, Bondarenko O, Afsharzada F, van Rossum AC. Quantification of late
gadolinium enhanced CMR in viability assessment in chronic ischemic heart disease:
a comparison to functional outcome. J Cardiovasc Magn Reson 2009;11:6

Acute MI

Incomplete record

Incomplete record

Acute MI

Review

Review

Not viability assessment

Review

Review

Review

Review

Review

Deformation imaging

(MRI with echocardiography,

similar to coregistration)

Review

No useable data

continued
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APPENDIX 2

TABLE 25 Full-text articles with reasons for exclusion (continued)

Beek AM, van Rossum AC. Use of cardiovascular magnetic resonance imaging in the
assessment of left ventricular function, scar and viability in patients with ischaemic
cardiomyopathy and chronic myocardial infarction. Heart 2010;96:1494-501

Beer M, Machann W, Sandstede J, Buchner S, Lipke C, Kostler H, et al. Energetic
differences between viable and non-viable myocardium in patients with recent
myocardial infarction are not an effect of differences in wall thinning — a multivoxel
P-31-MR-spectroscopy and MRI study. Eur Radiol 2007;17:1275-83

Beller GA. Noninvasive assessment of myocardial viability. N Engl J Med
2000;343:1488-90

Beller GA, Budge LP. Viable: yes, no, or somewhere in the middle? JACC Cardiovasc
Imag 2009;2:1069-71

Bello D, Shah DJ, Farah GM, Di LS, Parker M, Johnson MR, et al. Gadolinium
cardiovascular magnetic resonance predicts reversible myocardial dysfunction and
remodeling in patients with heart failure undergoing beta-blocker therapy.
Circulation 2003;108:1945-53

Bernhardt P, Spiess J, Levenson B, Pilz G, Hofling B, Hombach V, et al. Combined
assessment of myocardial perfusion and late gadolinium enhancement in patients after
percutaneous coronary intervention or bypass grafts: a multicenter study of an
integrated cardiovascular magnetic resonance protocol. JACC Cardiovasc Imag
2009;2:1292-300

Bernhardt P, Engels T, Levenson B, Haase K, Albrecht A, Strohm O. Prediction of
necessity for coronary artery revascularisation by adenosine contrast-enhanced
magnetic resonance imaging. Int J Cardiol 2006;112:184-90

Bodi V, Sanchis J, Lopez-Lereu MP, Losada A, Nunez J, Pellicer M, et al. Usefulness of a
comprehensive cardiovascular magnetic resonance imaging assessment for predicting
recovery of left ventricular wall motion in the setting of myocardial stunning. J/ Am Coll
Cardiol 2005;46:1747-52

Bogaert J, Dymarkowski S. Delayed contrast-enhanced MRI: use in myocardial viability
assessment and other cardiac pathology. Eur Radiol 2005;15(Suppl. 2):B52-8

Bondarenko O, Beek AM, Twisk JW, Visser CA, van Rossum AC. Time course of
functional recovery after revascularisation of hibernating myocardium: a contrast-
enhanced cardiovascular magnetic resonance study. Eur Heart J 2008;29:2000-5

Borreguero LJJ, Ruiz-Salmeron R. Assessment of myocardial viability in patients before
revascularisation. Revista Espanola de Cardiologia 2003;56:721-33

Bree D, Wollmuth JR, Cupps BP, Krock MD, Howells A, Rogers J, et al. Low-dose
dobutamine tissue-tagged magnetic resonance imaging with 3-dimensional strain
analysis allows assessment of myocardial viability in patients with ischemic
cardiomyopathy. Circulation 2006;114(Suppl. 1):133-6

Carlsson M, Ubachs JF, Hedstrom E, Heiberg E, Jovinge S, Arheden H. Myocardium at
risk after acute infarction in humans on cardiac magnetic resonance: quantitative
assessment during follow-up and validation with single-photon emission computed
tomography. JACC Cardiovasc Imag 2009;2:569-76

Casolo G, Minneci S, Manta R, Sulla A, Del MJ, Rega L, et al. Identification of the
ischemic etiology of heart failure by cardiovascular magnetic resonance imaging:
diagnostic accuracy of late gadolinium enhancement. Am Heart J 2006;151:101-8

Castro PF, Bourge RC, Foster RE. Evaluation of hibernating myocardium in patients
with ischemic heart disease. Am J Med 1998;104:69-77

Catalan P, Delgado V, Moya JL, Pare C, Munoz M, Caralt T, et al. [Assessing myocardial
viability by magnetic resonance imaging]. Revista Espanola de Cardiologia
Suplementos 2006;6:49E-56E

Chan FP, Williamson EE. MR functional and viability assessment of the heart.
App! Radiol 2003,32:11-20

Review

Not viability assessment

Review

Review

Not viability assessment

Not viability assessment

Not hibernating myocardium

Acute Ml

Review

Not viability assessment

Non-English

Comparison with healthy
volunteers — does not fit into any
of the three sections

Acute Ml

Not viability assessment
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Non-English

Review
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TABLE 25 Full-text articles with reasons for exclusion (continued)
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Appendix 4 Meta-analyses

Pooled summary estimates of diagnostic parameters for
different tests

TABLE 26 Contrast-enhanced cardiovascular magnetic resonance imaging: meta-analysis of diagnostic accuracy

Log-likelihood = —97.790904 Number of studies = 14

Coefficient Standard error 95% ClI
Bivariate®
E(logitSe) 3.071154 0.1573777 2.762699 to 3.379608
E(logitSp) 0.1206598 0.260793 —0.3904852 to 0.6318047
Var(logitSe) 0.1734921 0.1398701 0.0357303 to 0.8424072
Var(logitSp) 0.8762317 0.3939162 0.3630406 to 2.114865
Corr(logits) 0.8858773 0.1737588 0.178021 to 0.9949026

Hierarchical summary receiver operating characteristic

Lambda 4.684499 0.9258158 2.869933 to 6.499064
Theta 2.261762 0.4438836 1.391766 to0 3.131758
beta 0.8097493 0.3888251 0.0476661 to 1.571833
s2alpha 1.470594 0.790014 0.5131223 to 4.21468
s2theta 0.022248 0.0352209 0.0009994 to 0.4952583
Summary

Sn 0.9556871 0.0066648 0.9406265 to 0.9670611
Sp 0.5301284 0.0649615 0.4036005 to 0.6528986
DOR 24.33251 9.217289 11.58103 to 51.12423
LR+ 2.033932 0.2901764 1.537792 to 2.690144
LR- 0.0835891 0.0205449 0.0516342 to 0.1353198

Sn, sensitivity; Sp, specificity.
a Covariance between estimates of E(logitSe) and E(logitSp) 0.0253564.
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FIGURE 12 Summary receiver operating characteristic plot for meta-analysis of CE CMR studies with
revascularisation as gold standard. HSROC, hierarchical summary receiver operating characteristic.
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TABLE 27 Stress CMR: meta-analysis of diagnostic accuracy

Log-likelihood = —73.275835 Number of studies = 12

Coefficient Standard error 95% CI
Bivariate®
E(logitSe) 1.532157 0.2683608 1.006179 to 2.058134
E(logitSp) 1.90703 0.2529787 1.411201 to 2.402859
Var(logitSe) 0.6725586 0.3598789 0.2356467 to 1.919548
Var(logitSp) 0.4215842 0.2774576 0.1160599 to 1.531392
Corr(logits) -0.1461542 0.3871955 —0.7271544 to 0.5568428

Hierarchical summary receiver operating characteristic

Lambda 3.506532 0.3752162 2.771122 to0 4.241942
Theta —0.3899651 0.3733121 —1.121643 t0 0.3417131
Beta —0.2335348 0.4218122 —1.060271 to 0.5932018
s2alpha 0.9093198 0.5455962 0.280538 t0 2.947417
s2theta 0.3051549 0.1716382 0.1013331 to 0.9189445
Summary

Sn 0.8223216 0.0392099 0.7322717 to 0.8867669
Sp 0.8706851 0.0284835 0.8039553 to 0.9170451
DOR 31.1616 10.93582 15.6639 to 61.99257
LR+ 6.359065 1.404779 4.124341 to 9.804645
LR- 0.2040673 0.0448958 0.1325882 to 0.3140811
1/LR- 4.900344 1.078099 3.183891 to 7.542147

Sn, sensitivity; Sp, specificity.
a Covariance between estimates of E(logitSe) and E(logitSp) —0.0064288.
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TABLE 28 Single-photon emission tomography: meta-analysis of diagnostic accuracy

Log-likelihood = —87.904668 Number of studies = 13

Coefficient Standard error 95% CI
Bivariate®
E(logitSe) 1.746286 0.2423578 1.271273 t0 2.221298
E(logitSp) 0.4954893 0.1971306 0.1091204 to 0.8818582
Var(logitSe) 0.6147793 0.3103291 0.2285854 to 1.653446
Var(logitSp) 0.3874867 0.1879477 0.1497572 to 1.002596
Corr(logits) 0.0406427 0.3223407 —0.5314447 to0 0.5872686

Hierarchical summary receiver operating characteristic

Lambda 2.112061 0.3563283 1.41367 to 2.810451
Theta 0.4999341 0.2354043 0.0385501 to 0.9613181
Beta —0.2307908 0.3498725 —0.9165284 to 0.4549467
s2alpha 1.015827 0.4800675 0.4023019 to 2.564999
s2theta 0.2341199 0.1123643 0.0913924 to 0.5997454
Summary

Sn 0.8514837 0.0306484 0.7809606 to 0.9021458
Sp 0.6213987 0.0463774 0.5272531 to 0.7072071
DOR 9.410017 2.985523 5.052764 to 17.52475
LR+ 2.249025 0.2896242 1.747344 10 2.894743
LR- 0.2390033 0.0529831 0.154777 to 0.3690636
1/LR- 4.184043 0.9275338 2.70956 to 6.460909

Sn, sensitivity; Sp, specificity.
a Covariance between estimates of E(logitSe) and E(logitSp) 0.0015315.
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FIGURE 14 Summary receiver operating characteristic plot for meta-analysis of all SPECT studies.
HSROC, hierarchical summary receiver operating characteristic.
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TABLE 29 Positron emission tomography: meta-analysis of diagnostic accuracy

Log-likelihood = —22.570007

Coefficient
Bivariate®
E(logitSe) 2.89631
E(logitSp) 0.7921053
Var(logitSe) 0.1832845
Var(logitSp) 0.5335768

Hierarchical summary receiver operating characteristic

Lambda 4.38964
Theta 1.588412
Beta 0.5342817
s2theta 0.3127241
Summary

Sn 0.9476637
Sp 0.6882832
DOR 39.98146
LR+ 3.040143
LR- 0.0760388
1/LR- 13.15117

HEALTH TECHNOLOGY ASSESSMENT 2014 VOL. 18 NO. 59

Number of studies =4

Standard error

0.3367881
0.4031167
0.2193723
0.4157517

0.7667298
0.5916754
0.5146041
0.271732

0.0167037
0.0864885
13.00363
0.8110108
0.0197397
3.41405

95% Ci

2.236218 to 3.556403
0.0020111 to 1.582199
0.017552 to 1.913923
0.1158667 to 2.457169

2.886877 to 5.892402
0.428749 to 2.748074
—0.4743239 to 1.542887
0.0569555 to 1.717065

0.9034551 to 0.9722507
0.5005028 to 0.8295158
21.1355 to 75.63185
1.802276 to 5.128222
0.0457155 to 0.1264759
7.906646 to 21.87443

Sn, sensitivity; Sp, specificity.

a Covariance between estimates of E(logitSe) and E(logitSp) —0.0850736.
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FIGURE 15 Summary receiver operating characteristic plot for meta-analysis of all PET studies.
HSROC, hierarchical summary receiver operating characteristic.

118

NIHR Journals Library www. journalslibrary.nihr.ac.uk



DOI: 10.3310/hta18590 HEALTH TECHNOLOGY ASSESSMENT 2014 VOL. 18 NO. 59

TABLE 30 Echocardiography: meta-analysis of diagnostic accuracy

Log-likelihood = —84.232837 Number of studies = 12

Coefficient Standard error 95% CI
Bivariate®
E(logitSe) 1.245713 0.1843334 0.8844259 to 1.607
E(logitSp) 0.8293239 0.1635205 0.5088296 to 1.149818
Var(logitSe) 0.3071516 0.1671668 0.1057031 to 0.8925198
Var(logitSp) 0.2406187 0.1398436 0.0770238 t0 0.7516811
Corr(logits) —0.3819004 0.3387733 —0.8273388 to 0.3584247

Hierarchical summary receiver operating characteristic

Lambda 2.053474 0.2076613 1.646465 to 2.460482
Theta 0.1452212 0.2350727 —0.3155129 to 0.6059553
Beta —0.122064 0.382553 —0.8718541 to 0.6277262
s2alpha 0.3360699 0.2105767 0.0984189 to 1.147574
s2theta 0.1878399 0.0968468 0.0683792 to 0.5160025
Summary

Sn 0.7765568 0.0319849 0.7077385 to 0.8329944
Sp 0.6962119 0.0345847 0.6245321 to 0.7594777
DOR 7.964838 1.648614 5.308718 to 11.9499

LR+ 2.556245 0.2785782 2.064615 to 3.164944
LR- 0.3209413 0.0439368 0.2454123 t0 0.4197154
1/LR- 3.115835 0.4265571 2.382567 to 4.074776

Sn, sensitivity; Sp, specificity.
a Covariance between estimates of E(logitSe) and E(logitSp) —0.0089372.
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FIGURE 16 Summary receiver operating characteristic plot for meta-analysis of all echocardiographic studies.
HSROC, hierarchical summary receiver operating characteristic.
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