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Objective: Despite a significant expansion in the use of
cardiac MRI (CMR), there is inadequate evaluation of its
incremental impact on clinical decision-making over and
above other well-established modalities. We sought to
determine the incremental utility of CMR in routine practice.
Methods: 629 consecutive CMR studies referred by 44
clinicians from 9 institutions were evaluated. Pre-defined
algorithms were used to determine the incremental
influence on diagnostic thinking, influence on clinical
management and thus the overall clinical utility. Studies
were also subdivided and evaluated according to the
indication for CMR.

Results: CMR provided incremental information to the
clinician in 85% of cases, with incremental influence on
diagnostic thinking in 85% of cases and incremental
impact on management in 42% of cases. The overall

INTRODUCTION

Cardiac MRI (CMR) is now widely regarded as a mainstream
imaging modality in contemporary clinical practice.' Not-
withstanding the widespread acceptance of this expansion in
utility, there has been limited objective assessment of the in-
cremental influence of CMR on clinical decision-making over
and above other well-established modalities. Analyses of di-
agnostic performance are increasingly demanded by policy-
makers, commissioning groups and payers for healthcare, yet
robust studies are virtually non-existent across all modes of
cardiac imaging> A recent review of existing American
College of Cardiology (ACC) and American Heart Association
(AHA) guidelines for cardiac diagnostics, for example, iden-
tified that 44% of recommendations had little or no evidence
base.* The provision of a clinical CMR service incurs a sig-
nificant cost and training burden, whose justification therefore
requires a demonstration of incremental value of CMR in
routine clinical practice. A further interrogation of the utility
of CMR according to the indication for imaging would also be
highly informative. We evaluated all consecutive CMR studies

incremental utility of CMR exceeded 90% in 7 out of the
13 indications, whereas in settings such as the evaluation
of unexplained ventricular arrhythmia or mild left ven-
tricular systolic dysfunction, this was <50%.

Conclusion: CMR was frequently able to inform and
influence decision-making in routine clinical practice,
even with analyses that accepted only incremental clinical
information and excluded a redundant duplication of
imaging. Significant variations in yield were noted
according to the indication for CMR. These data support
a wider integration of CMR services into cardiac imaging
departments.

Advances in knowledge: These data are the first to
objectively evaluate the incremental value of a UK CMR
service in clinical decision-making. Such data are essen-
tial when seeking justification for a CMR service.

over an 18-month period referred to our regional CMR unit
from a number of centres spanning a large geographical re-
gion of the North East England, in order to determine the
incremental utility of a CMR service.

METHODS AND MATERIALS

CMR imaging and reporting

Multiparametric studies were conducted using a 1.5-T
magnet (magnetom® Avanto; Siemens Medical Solutions,
Erlangen, Germany) in accordance with standard protocols.’
Cine imaging was typically performed using a balanced
steady-state free-precession sequence, and anatomical im-
aging was performed with a black-blood spin-echo se-
quence. Myocardial oedema was qualitatively assessed by
short tau inversion recovery imaging. Regadenoson vaso-
dilatory stress first-pass myocardial perfusion imaging was
conducted using a two-dimensional balanced steady-state
free-precession sequence and 0.075mmolkg ' bolus of
gadobutrol (Gadovist, Bayer). Early and late gadolinium
enhancements were assessed with a phase-sensitive inversion
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Table 1. Indications for cardiac MRI (CMR)

Indication for CMR Proportion (%)
Chest pain and raised troponin without 172
angiographic culprit
Assessment of LVH/infiltration/ 17.0
abnormal ECG
Assessment of thoracic aorta/aortic valve 17.0
Assessment of LVSD 16.9
Assessment of viability 8.6
Assessment of the RV/shunts 6.7
Assessment of ischaemia 5.6
Assessment of congenital disease 2.7
Imaging after suboptimal or discrepant TTE 25
findings
Assessment of unexplained ventricular 21
arrhythmia
Assessment of intracardiac/paracardiac mass 2.1
Assessment for coronary artery anomaly 1.0
Assessment of pericardial disease 0.8

ECG, electrocardiogram; LVH, left ventricular hypertrophy; LVSD, left
ventricular systolic dysfunction; RV, right ventricular; TTE, transthoracic
echocardiography.

Indications for CMR, with the relative proportion (percent) of all studies
conducted for each indication.

recovery sequence following a total contrast dose of
0.15mmol kg~ ". Three-dimensional contrast-enhanced MR an-
giography was acquired in complement to electrocardiogram-
gated cross-sectional views for great-vessel imaging. Velocity-
encoded gradient-echo imaging was used to quantify blood flow.
All studies were reported by at least one Level 3 accredited cli-
nician on a dedicated post-processing platform (CVI**®, Circle
Cardiovascular Imaging Inc., Calgary, Canada).

Clinical indications for CMR

A database of all CMR studies conducted at the South Tees Hos-
pitals NHS Foundation Trust was prospectively established. All
consecutive studies over an 18-month period were grouped by the
13 most common indications for CMR (Table 1), which are closely
aligned to applications outlined in expert consensus documents.®
Only the single most pertinent indication was allocated per study,
excepting the few occasions where multiple separate clinical
questions were posed.

Analysis of clinical utility

Electronic patient records pre- and post-CMR were analysed to assess
the contribution of CMR. Pre-defined algorithms as detailed in the
following section were used to determine the utility of the CMR
study. Duplicate analyses were undertaken independently in all cases
by two clinicians (AR and MJS), one being a senior clinician without
any dedicated interest in CMR. Divergences in assessment were ad-
judicated by a third cardiologist (NM). Cases were not analysed
where the clarity of clinical records was insufficient to allow un-
ambiguous conclusion.

Rajwani et al

Algorithm for assessment of clinical utility

An established six-hierarchy model has previously been outlined
as a framework by which the diagnostic performance of an
imaging modality can be evaluated (Fryback-Thornbury model,
Table 2).” For each case, we determined outputs at Level 3
(influence of CMR on diagnostic thinking) and Level 4 (in-
fluence of CMR on further management). Pre-defined algo-
rithms were then applied to ensure only the incremental benefit
of CMR, over and above all investigations already undertaken,
was captured. Thus, for influence on diagnostic thinking (Level
3 output, Figure 1), only the provision of a single conclusion not
already demonstrated by prior imaging was accepted as de-
finitive. Conversely, a mere reproduction of information already
available before the CMR study or conclusions which were not
accepted by the referring clinician were regarded as non-
incremental even where a definitive conclusion had been pro-
vided. Where CMR was not definitively diagnostic but did alter
the working diagnosis (such as an exclusion of infarction) or
identified a single “most probable” diagnosis (such as hyper-
tensive heart disease), this was labelled as additive but not de-
finitive. For impact on management (Level 4 output, Figure 2),
this required a genuine change in strategy prompted by CMR
and not a mere affirmation of a pre-existing decision. Only one
most pertinent change was allocated per case per indication.
Finally, these data were amalgamated to determine the overall
utility of CMR, this being the net influence on diagnostic
thinking and management.

RESULTS

Clinical indications for CMR

629 studies were conducted over the evaluated period, with
requests arising from 44 clinicians across 9 referring institutions.
The majority were undertaken as work-up for chest pain and
troponin rise without angiographic culprit (17.2%), the further
assessment of left ventricular hypertrophy or infiltration
(17.0%), assessment of the aorta and aortic valve (17.0%) and
work-up for left ventricular systolic dysfunction (LVSD) of un-
certain aetiology (16.9%) (Table 1). Only 2% of CMR studies
were uninterpretable, and no major complications occurred as
a direct result of any CMR study. Patient records were sufficient
to fully ascertain the incremental value of imaging in 97% of
cases. Discrepancies between the two investigators arose in 1.9%
of assessments.

Diagnostic performance of all CMR studies

Across all analysed studies, 57.6% studies were definitively di-
agnostic, with a further 27.3% studies being of additive

Table 2. Hierarchical model of diagnostic performance

Level 1 Technical quality of images
Level 2 Diagnostic accuracy of modality
Level 3 Influence on diagnostic thinking
Level 4 Therapeutic efficacy

Level 5 Patient outcome efficacy

Level 6 Societal efficacy
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Figure 1. Algorithm for evaluation of influence on diagnostic
thinking. Decision-making flow chart by which patient records
were interrogated to determine the incremental influence on
diagnostic thinking of the CMR study. CMR, cardiac MRI.

Unequivocal No | Changeinworking |Yes ADDITIVE BUT
diagnosis provided? L diagnosis? NOT DEFINITIVE
Yes No
Y \
Already Yes NO
demonstrated by prior INCREMENTAL
imaging? VALUE
No
Y

DEFINITIVELY
DIAGNOSTIC

diagnostic value (Figure 3). 42% studies prompted a clear
change in management (Figure 4, Table 3). Overall, only 15% of
studies were of no incremental value towards either diagnosis or
management (Figure 5).

Chest pain and troponin rise without

angiographic culprit

New definitive diagnoses were revealed in 44% of cases. Additional
diagnostic information was provided in a further 47% of cases,
typically the exclusion of infarction. The principle conclusions
included focal infarction, myocarditis, Takotsubo cardiomyopathy,
hypertrophic cardiomyopathy or no clear diagnosis. Management
was altered in 55% of cases, with discontinuation of antiplatelet
therapy being the commonest change. Overall, 9% of studies were
of no incremental utility towards either diagnosis or management.
Separately, we also observed a reduced detection of myocarditis in
delayed studies (14% in those studies conducted >14 days after
the index event vs 38% in those studies conducted <14 days after
the index event; p < 0.02).

Assessment of left ventricular hypertrophy,
infiltration or abnormal electrocardiogram

CMR allowed the referring clinician to make a definitive di-
agnosis in 51% of cases. Conditions most frequently en-
countered were primarily hypertrophic cardiomyopathy or the
revision of an erroneous label of hypertrophy by echocardi-
ography. Less frequently encountered diagnoses were athletic
heart, hypertensive heart disease, non-compaction cardio-
myopathy, Anderson—Fabry cardiomyopathy, cardiac sarcoid-
osis and cardiac amyloid. Management was altered in 51% of
cases, primarily the new initiation of further prognostic work-
up and genetic/familial screening or a discharge from follow-
up that was no longer deemed necessary. Overall, 16% of
studies were of no incremental utility towards either diagnosis
or management.

Assessment of the aorta/aortic valve

CMR provided new definitive information in 68% of studies.
Referring clinicians typically sought a more comprehensive
evaluation of the entire thoracic aorta and/or of aortic valve
morphology. Management was altered in 17% of cases,
predominantly decisions between ongoing surveillance vs
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surgical management. Overall, 10% of studies were of no
incremental clinical utility towards either diagnosis or
management.

Assessment of left ventricular systolic dysfunction
Only 34% of studies resulted in a definitive diagnosis. Con-
clusions included dilated cardiomyopathies (12.2%), myocardi-
tis (8.5%), infarction (5.6%), non-compaction cardiomyopathy
(3.8%), hypertensive heart disease (3.8%), cardiac sarcoidosis
(2.8%), severely regurgitant valve disease (1.9%) and arrhyth-
mogenic left ventricular cardiomyopathy (0.9%). Of note, the
incremental diagnostic yield was very poor where LVSD was
only mild on preceding echocardiography. Management was
altered in 42% of all cases, with a wide spectrum of decisions
regarding cardiac catheterization, revascularization, change of
medication and reclassification of indication for cardiac
resynchronization therapy/implantable cardioverter defibrillator.
Overall, 30% of studies were of no incremental utility towards
either diagnosis or management.

Ischaemia and/or viability

CMR definitively demonstrated or excluded perfusion defects
in 86% of ischaemia studies. In most cases, coronary artery
disease had already been demonstrated invasively, with only
20% of studies conducted as initial work-up of chest pain.
Management was influenced subsequently in 47% of cases.
Assessments of viability were definitively fulfilled in 91% of
cases and influenced subsequent management in 58% of
cases. Overall, 12% of studies for ischaemia and 10% of
studies of viability were of no incremental utility towards
either diagnosis or management.

Assessment of the right heart

CMR was requested predominantly for suspected abnormalities
of right ventricular structure or function (88%), pulmonary
valve or artery evaluation (10%) or the further assessment of

Figure 2. Algorithm for evaluation of influence on manage-
ment. Decision-making flow chart by which patient records
were interrogated to determine the incremental influence on
management of the CMR study. CMR, cardiac MRI.

Clinical action No
requested after
CMR?

NO CHANGE IN
MANAGEMENT

Yes

Differs from default No
management plan?

Yes

CHANGE IN
MANAGEMENT
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Figure 3. Incremental influence on diagnostic thinking (Level 3 output). Frequency (percent) by which CMR incrementally
influenced diagnostic thinking, with further subdivision according to individual indication. Diagnostic influence could be
categorized as (i) definitively diagnostic; (ii) additive but not definitive; or (iii) no incremental diagnostic value. AV, aortic value;
CMR, cardiac MRI; LVSD, left ventricular systolic dysfunction; LVH, left ventricular hypertrophy; RV, right ventricle; VF, ventricular
fibrillation; VT, ventricular tachycardia.
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a shunt (2%). Definitive diagnoses [or a major modified task
force criterion in the case of arrhythmogenic right ventricular
cardiomyopathy (ARVC)]® were provided in 55% of studies, and

additive diagnostic information (or minor task force criteria in
the case of ARVC) in a further 31% of studies. Management was
influenced in 40% of cases, predominantly decisions to initiate

Figure 4. Incremental influence on management (Level 4 output). Frequency (percent) by which CMR incrementally influenced
management, with further subdivision according to individual indications. Influence on management was a binary outcome (impact
vs no impact). AV, aortic value; CMR, cardiac MRI; LVSD, left ventricular systolic dysfunction; LVH, left ventricular hypertrophy; RV,
right ventricle; VF, ventricular fibrillation; VT, ventricular tachycardia.
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Table 3. Impact on management of cardiac MRl (CMR)

Impact on management Frequency (%)
Change in medication (antiplatelets) 7.8
Change in medication (anticoagulation) 0.8
Change in medication (other) 3.2
Revascularization/intervention/surgery
scheduled 8
Revascularization/intervention/surgery no
longer indicated +0
Choice of revascularization/intervention/ 16
surgery altered
Cardiac catheterization scheduled 1.3
Cardiac catheterization no longer indicated 2.5
Surveillance initiated/admitted 2.7
Surveillance terminated/discharged 4.6
CRT/ICD scheduled 1.6
CRT/ICD no longer indicated 1.0
Choice of device altered 0.3
HCM prognostic assessment scheduled 3.2
Genetic/familial screening scheduled 1.3
Endomyocardial biopsy scheduled 0.3
Endomyocardial biopsy no longer indicated 0.3
Other 1.0

CRT, cardiac resynchronization therapy; HCM, hypertrophic cardiomy-
opathy; ICD, implantable cardioverter defibrillator.

Categorization and frequency (percent) of impact on clinical manage-
ment across all CMR studies conducted during the study period.

or terminate further clinical surveillance, and further genetic/
familial assessment in a smaller proportion. Overall, 12% of
studies were of no incremental utility towards either diagnosis or
management.

Congenital conditions

A definitive assessment was provided in 94% of cases. Studies were
requested primarily for the follow-up of repaired congenital dis-
ease with residual anatomical, valvular or functional abnormalities.
Management was altered in 53% of cases, primarily referral for
intervention. All studies were of incremental influence towards
either diagnosis or management.

Suboptimal or discrepant echocardiogram

Definitive structural and functional assessment was provided by
CMR and accepted by the referring clinician in 94% of instances
where echocardiographic images were suboptimal or discrepant.
19% of cases had atrial fibrillation at the time of the study, but
uninterpretable studies in 6% of cases were all due to significant
ventricular ectopy. Management was altered in 50% of cases,
typically decisions with regards to cardiac resynchronization
therapy/implantable cardioverter defibrillator. Overall, 6% of
studies were of no incremental utility towards either diagnosis or
management.

BUR

Assessment of ventricular arrhythmia of

uncertain origin

Assessments under this indication were typically those where
work-up had not already revealed substrate for arrhythmia. Pre-
CMR suspicion for ARVC is evaluated separately under assess-
ment of the right ventricle. Definitive substrate for arrhythmia
was demonstrated in 31% of cases. Management was altered in
31% of cases. Overall, 54% of studies had no incremental value
towards either diagnosis or management.

Intracardiac/paracardiac masses

CMR definitively identified the nature of a cardiac mass in 54% of
cases. Conclusions included a demonstration rather of normal
anatomy/anatomical variant (46%), a distinction as to whether the
mass was likely to be benign or malignant (38%) or the presence
or absence of thrombus (15%). All patients had undergone
transthoracic echocardiography prior to CMR; diagnostic efficacy
of CMR was present only where echocardiographic characteriza-
tion was incomplete. Changes in management prompted purely by
CMR in 15% of cases were all related to anticoagulation, whereas
no decisions regarding surgical intervention were altered purely by
CMR. Overall, 15% of studies had no incremental utility towards
either diagnosis or management.

Coronary artery assessment

One study evaluated coronary artery aneurysm and thrombus
in a patient with Behcet’s disease, and one was requested as
part of the evaluation of coronary artery disease in parallel with
vasodilatory perfusion CMR in a patient reporting a prior
anaphylactic response to iodine-based contrast. All other
studies were conducted to detect or further assess anomalous
coronary artery anatomy. 33% of studies were incrementally
definitive, and 17% of studies altered management. Overall, all
studies were of incremental utility towards either diagnosis or
management.

Assessment of the pericardium

Most studies were requested to determine whether a diagnosis of
constrictive pericarditis was supported, excepting one demon-
strating congenital absence of the pericardium. All studies pro-
vided a definitive diagnosis, and thus all studies were of
incremental value. Management was not influenced in any of the
cases during the study period however.

DISCUSSION

This study examines the clinical yield of a consecutive series of 629
multiparametric CMR studies, conducted at a medium-sized ter-
tiary centre with a throughput that is representative of many other
UK CMR departments.” Within a real-world setting, CMR in-
crementally influenced diagnostic thinking in 85% of cases and
clinical management in 42% of cases. These figures compare
favourably with those few studies in this domain of other imaging
modalities such as a 26% change in management with a routine
use of fractional flow reserve as an adjunct to coronary angiog-
raphy, or 35.6% of selected individuals undergoing contrast
echocardiography.'®'" Crucially, we were able to capture a wide
range of referral habits (44 clinicians across 9 institutions) and
with pre-defined algorithms that returned highly reproducible and
objective data sets. Such data will thus be highly relevant to units
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Figure 5. Overall incremental utility. Frequency (percent) by which incremental and clinically useful information was provided by the
CMR study, defined as the presence or absence of any incremental influence on either diagnostic thinking or clinical management.
AV, aortic value; CMR, cardiac MRI; LVSD, left ventricular systolic dysfunction; LVH, left ventricular hypertrophy; RV, right ventricle;

VF, ventricular fibrillation; VT, ventricular tachycardia.
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seeking justification for CMR services and are novel with respect to
the typical throughput of a UK centre.

Hierarchical assessment of clinical utility

The quantification of clinical utility of a diagnostic imaging
modality is challenging. In this study, we used a hierarchical
model (Fryback-Thornbury model) that has been widely
adopted in the systematic evaluation of imaging efficacy
(Table 2).”'* A hierarchical categorization of diagnostic out-
puts as such is increasingly advocated in technology assessment
in view of its organizing concepts and for pointing out im-
portant gaps in our current understanding.” Outputs of CMR
at Level 1 (technical quality of the image) and Level 2 (sensi-
tivity, specificity, negative-predictive and positive-predictive
values) were not addressed by our data set as a number of such
studies are already present in the literature. There are however
few studies of outputs at Level 3 (influence on diagnostic
thinking) and Level 4 (influence on management), and as such,
our data fill an important knowledge gap in the clinical utility
of CMR.

Incremental clinical utility

An overarching requirement of our pre-defined algorithms was
that only the incremental value of CMR, over and above other
preceding investigations. This was a vital consideration in order to
ensure value was not erroneously attributed to CMR studies that
merely replicated the findings of preceding imaging. Virtually, all
patients underwent transthoracic echocardiography prior to con-
sideration of CMR, as well as other investigations deemed ap-
propriate for their presentation such as coronary angiography,
stress echo/single photon emission CT, transoesophageal

B Non incremental

echocardiography, CT angiography, electrophysiology studies and
genetic testing. These findings thus reflect the true yield of CMR in
day-to-day practice rather than a redundant repetition of in-
vestigation. Objective data of this nature are warranted to justify
the burgeoning healthcare expenditure incurred during the as-
sessment of cardiovascular disease,"” yet there are currently few
data in this domain. One that has examined this issue is the large
multicentre EuroCMR registry."'* The results of EuroCMR may
not be readily applicable to current UK practice however. In the
German pilot data, 35.9% of cases did not have a transthoracic
echo prior to CMR, and in 23.1% of cases CMR was the first
imaging modality conducted. The authors do however emphasize
the potential benefit of adopting CMR as a single and initial im-
aging modality in certain settings where this might obviate the
need for multiple investigations.

Validity of analyses

A non-systematic assessment of clinical utility may have been
vulnerable to subjectivity. Several measures were thus taken to
eliminate bias and to ensure an objective data set. All consecutive
cases within a fixed period were systematically reviewed via elec-
tronic patient records. Strict pre-defined algorithms were used, and
every case was also subject to duplicate analysis by a senior clinician
without any dedicated interest in CMR. That this was a robust,
objective and reproducible algorithm is demonstrated by concor-
dance rates between the two analysing clinicians exceeding 98%. To
further prevent empirical analyses, patient records without suffi-
cient clarity were not analysed. In fact, 97% of records proved to be
adequate, most likely owing to a predominantly outpatient origin of
referrals where dictated communication regarding diagnosis and
management plan was typically very comprehensive.
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Clinical utility in individual indications

A high vyield (typically exceeding 90%) was demonstrated in
indications such as in congenital heart disease, assessment of the
pericardium, detection of coronary anomaly or assessment of
the right heart. These data do provide objective support for the
use of CMR in these settings that are already strongly advocated
by expert consensus,'> but as such will not alter current practice.
We observed important and/or conflicting considerations or
much lower yields in other indications however, and these now
merit further scrutiny.

The utility of CMR in the evaluation of chest pain with bio-
markers of myocardial injury but without angiographic culprit
is unique. Incremental value was frequently demonstrated
despite being preceded in every case by both coronary angi-
ography and echocardiography. The presence or absence of
subendocardial late gadolinium enhancement was particularly
important in guiding decision-making with regards to con-
tinued antiplatelet therapy. Clinicians varied in their response
to those scans showing an absence of any late gadolinium
enhancement however, reflecting a lack of high quality evi-
dence as to how this finding should influence management. We
also noted an important influence of time delay to CMR study,
with a significantly poorer diagnostic yield in studies con-
ducted more than 2 weeks after presentation. Routine and early
access to a CMR service for this indication should therefore be
encouraged.

The further evaluation of LVSD is a frequent indication for CMR
across UK and European centres."” Influence on diagnostic
thinking was relatively modest however, with a definitive di-
agnosis over and above other mainstream diagnostic modalities
provided in only one-third of studies, and overall incremental
yield in two-third of studies. One other study has recently
reviewed the impact of CMR in 150 consecutive patients with
LVSD in addition to standard investigations,16 with a similar
overall “significant clinical impact” of 65%. A particularly low
incremental utility was observed in our data set for mild LVSD,
and a routine use of CMR in this subgroup may thus not cur-
rently be appropriate.

CMR evaluation of cardiac masses prompted only a low in-
cremental impact on management. Closer scrutiny demon-
strated an important dichotomy according to subindication
however, with high incremental impact on decisions relating to
suspected thrombus vs low incremental impact in relation to all
other masses. Although CMR arguably conferred to the
requesting physician a greater confidence in the diagnosis that is
not captured by our algorithm, the subsequent management
nonetheless continued to match the preceding decisions based
purely on echocardiography except in the case of thrombus. An
incremental role of CMR in the management of a mass of un-
certain aetiology may thus be limited outside of cases where
thrombus is suspected or where echocardiographic windows
have been suboptimal.

A high clinical utility of stress perfusion CMR of 84% was
demonstrated. A number of modalities for the detection of is-
chaemia are already well established in contemporary UK
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practice however,'” and whether CMR should be preferred to
other modalities remains unclear. Although large clinical trials
have now demonstrated superior diagnostic accuracy of perfu-
sion CMR over single photon emission CT,'®'" other major
considerations such as cost-effectiveness and impact on out-
comes remain unresolved. Two comprehensive economic
analyses of CMR in the diagnosis of ischaemic heart disease
have reached opposing conclusions regarding cost-efficacy
against competing imaging modalities.”>*" Tt is noteworthy
however that CMR in our data set was requested pre-
dominantly to guide revascularization in known multivessel or
complex disease, with relatively few studies conducted for the
primary evaluation of chest pain. Those economic analyses
may therefore not be applicable to contemporary CMR case
mixes of ischaemia studies.

The relatively low yield of CMR in our data set for the in-
vestigation of ventricular arrhythmia of unclear origin might
initially suggest a limited role in this setting (outside of the
detection of ARVC, which was dealt with under a separate in-
dication). Of note, White et al** observed a substantially greater
incremental yield of CMR in the assessment of ventricular ar-
rhythmia. In contrast to our data set, CMR was requested in all
patients in the relevant study arm rather than only at the
clinician’s discretion, with a substantial proportion of the yield
derived from a reclassification of diagnosis. Put together, this
may suggest that the management of those cases with an os-
tensibly secure diagnosis may still benefit from further scrutiny
by CMR, whereas an absence of structural substrate for ar-
rhythmia on initial diagnostic work-up is often not resolved by
further advanced imaging.

Limitations

The limitations of data from a single-centre CMR service must
be acknowledged. This is greatly offset however by the large
number of referring clinicians across multiple centres, which
will therefore have captured an appropriately wide spectrum of
referral habits. Although we demonstrated influences of CMR
on clinical management, subsequent influences of CMR on
patient outcomes could not be evaluated in this retrospective
uncontrolled data set. This may be a particular limitation where
a change in management (albeit using other imaging modalities)
has not necessarily been proven to improve outcomes; for ex-
ample, viability assessment for the purpose of myocardial re-
vascularization. An objective assessment of the clinical utility of
an imaging modality unquestionably remains vital in day-to-day
practice however,” and the novel data in this study thus fill an
important knowledge gap with respect to the merits of a UK
CMR service.

Our primary focus was an evaluation of the incremental utility
of a CMR service, for which a real-world data set is highly
desirable. However, our secondary focus on the utility according
to individual indication is subject to referral bias, with studies
representing consecutive referrals rather than all consecutive
presentations. As such, our secondary conclusions regarding the
utility of CMR according to indication must be interpreted with
caution. It is noteworthy however that, with the exception of
unexplained ventricular arrhythmia, an agreement with the
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existing evidence base was typically noted.'®**** Finally, the
small numbers in certain categories such as pericardial or cor-
onary anomaly evaluation limits a wider extrapolation in these
particular indications.

CONCLUSION
In a medium-sized centre that is likely to be representative of
other UK CMR services, we observed a high overall incremental

Rajwani et a/

clinical utility of CMR over and above other well-established
investigations. A more routine and early imaging appears rea-
sonable in individuals with biomarker-positive chest pain
without angiographic culprit and in the evaluation of suspected
left ventricular thrombus, whereas a more selective approach
may be appropriate in individuals with only mild LVSD, un-
explained ventricular arrhythmia or cardiac masses that are
already well characterized on other imaging.
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