Appendix 2
First survey (statements, supporting paragraphs and references)
_________________________________________________________________________

Benefit to patients and the NHS of cardiac magnetic resonance imaging (CMR)
after Primary percutaneous coronary Intervention (PPCI) Pathway Activation

Thank you for agreeing to complete this survey. We expect the survey to take about
20 minutes of your time. You are asked to read and rate 12 statements relating to the
potential impact of cardiac magnetic resonance imaging (CMR) in changing the
management of patients in a clinically important way. The patient population under
consideration includes all patients who activate the primary percutaneous coronary
intervention (PPCI) pathway. Please rate your agreement with each statement on the
scale provided. Each statement has a supporting paragraph that provides
background information and links to full text references. We believe we have used
the best available evidence but we are aware that the evidence is of variable quality.
In order to progress through the survey, please use the following navigation buttons:
Click the Next button to go to the next page.
Click the Previous button to return to the previous page.
Click the Number buttons in the text to access the full references.
Click the Submit button to submit the survey at the end.
_________________________________________________________________________
Statement 1. Compared with echocardiography, CMR after PPCI allows patients with CMR
markers that indicate poor prognosis (e.g. impaired left ventricular function, large infarct
size, microvascular obstruction) to be followed up more appropriately and undergo more
aggressive medical therapy for secondary prevention.
Accurate assessment of infarct characteristics is important for risk stratification after PPCI.
CMR can quantify in a single scan all cardiac markers relevant to PPCI outcomes, with high
reproducibility and accuracy. CMR has high spatial and temporal resolution and is superior
to echocardiography for measuring left ventricular volumes and ejection fraction. [1]
Additionally, CMR markers such as infarct size, microvascular obstruction and myocardial
salvage have been shown to have long term prognostic value. [2-4] Late gadolinium
enhancement CMR has added prognostic value over echocardiography. [5]

Statement 2. Compared with echocardiography, CMR after PPCI allows patients with CMR
markers that indicate good prognosis (e.g. normal left ventricular function, high myocardial
salvage, no microvascular obstruction, no residual ischemia) to be discharged earlier and
followed up less frequently.
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CMR measures several markers (infarct size, myocardial salvage index, microvascular
obstruction, myocardial oedema and haemorrhage) that cannot be measured by
echocardiography. These markers can be used to predict cardiac remodelling and
prognosis after myocardial infarction, [2, 4] determine the optimal therapeutic pathway for
each patient and prevent over- and under-treatment.

Statement 3. Compared with echocardiography, CMR better identifies the cause of out of
hospital cardiac arrest [e.g. large myocardial infarction, arrhythmogenic right ventricular
cardiomyopathy (ARVC), aberrant coronary arteries, hypertrophic cardiomyopathy (HCM)] to
optimise further treatment for the patient (e.g. defibrillator for primary arrhythmia or
percutaneous coronary intervention) or family members.
Out-of-hospital cardiac arrest affects about 60,000 people in the UK each year. Currently,
hospital survival is about 32%. Early identification of the cause is essential to improve
survival. Causes of out-of-hospital cardiac arrest include myocardial infarction (40%-90%)
and inherited cardiomyopathies such as ARVC and HCM. Unlike echocardiography, CMR
allows in vivo tissue characterisation, which differentiates scarring resulting from myocardial
infarction from other causes of focal fibrosis (e.g. observed in non-ischaemic
cardiomyopathies such as ARVC and HCM). [6] Late gadolinium enhancement on CMR can
predict serious cardiac complications in patients with HCM (all-cause death, cardiac death
and death from heart failure), [7] and identifies patients that may need more aggressive
medical and device therapy (e.g. renin-aldosterone system inhibition for prevention of heart
failure or implantable cardioverter defibrillator placement for primary prevention of sudden
cardiac death).

Statement 4. CMR after PPCI identifies patients at high risk of having ventricular septal
defect (VSD) or impending cardiac rupture, who may require ventricular patch or other
urgent cardiac surgery, and guides the optimal management of these patients.
VSD and left ventricular free wall rupture are rare complications of myocardial infarction,
occurring in less than 1% of PPCI patients, usually within one week of the infarct. Mortality
ranges between 50% and 80%. Diagnosis can be difficult to make and usually requires
multi-modality imaging (echocardiography, ventriculography, computed tomography, CMR)
before surgical repair. Because of its high spatial resolution, CMR can be used to clarify the
detailed structure of these lesions. CMR accurately identifies the location, size and tissue
margins of VSD and is useful for detecting apical defects, which are not easily identified by
echocardiography. CMR measurements may also be used to determine the size of
ventricular patch required to close the VSD, which avoids the inflation of a sizing balloon in
friable infarcted tissue. [8] These features, together with other CMR markers of damage
(e.g. infarct size, microvascular obstruction, left ventricular dysfunction) are useful for guiding
optimal management of patients with post-infarct VSD. Similarly, CMR can differentiate
between the different types of impending free wall rupture (acute, sub-acute and chronic),
which may be helpful in planning surgical management. [9]
________________________________________________________________________
Statement 5. In patients with a “normal” (unobstructed) coronary angiogram, CMR can
differentiate patients who have had a myocardial infarction with spontaneous reperfusion or
distal embolization from patients with a non-ischaemic diagnosis (e.g. myocarditis,
Takotsubo cardiomyopathy, aortic dissection), resulting in a patient treatment plan
appropriate for the definitive diagnosis.
The incidence of unobstructed coronary angiogram in patients who activate the PPCI
pathway is between 5% and 12%. In these patients, the lack of an accurate diagnosis may
result in inappropriate or unnecessary treatment and/or follow-up and poorer prognosis. [10]
2

CMR facilitates differential diagnosis in the context of an unobstructed coronary angiogram,
providing a definitive diagnosis (e.g. myocardial infarction, myocarditis, Takotsubo
cardiomyopathy) in 65-90% of these patients. [11, 12] In patients with myocarditis, late
gadolinium enhancement (LGE) on CMR may predict long term adverse outcomes. [13] In
the context of myocardial infarction without an angiographic lesion, CMR can locate the
culprit infarct-related artery in patients with spontaneous reperfusion or with distal
embolization.
_________________________________________________________________________
Statement 6. Compared with echocardiography, CMR after PPCI better identifies patients
at high risk of sudden cardiac death who would benefit most from an implantable cardiac
device [e.g. implantable cardioverter defibrillator (ICD), cardiac resynchronisation therapy,
(CRT)].
About 6% of heart attack patients subsequently die suddenly from a presumed cardiac
cause. Current guidelines recommend the use of ICD to prevent sudden cardiac death in
patients who have a low left ventricular ejection fraction (EF) after a heart attack. EF is used
in clinical practice to make decisions about ICD implantation, but it has a low predictive value
and many patients with an ICD will never benefit from it. [14] EF is most commonly
measured by echocardiography, but CMR is now considered the gold standard for EF
measurement because it is more reproducible than echocardiography. [1] CMR has been
shown to be better than echocardiography for selecting patients for ICD implantation when
strict EF thresholds are used to guide implantation. [15] The extent of myocardial scar
characterised by late gadolinium enhancement (LGE) CMR may also be used to predict
whether ICD implantation is appropriate in this patient group. [16] Furthermore, LGE CMR
can guide placement of the left ventricular lead away from scarred myocardium, which
results in a better clinical outcome after CRT. [17]
_________________________________________________________________________
Statement 7. Compared with echocardiography, CMR after PPCI better identifies patients
who would not benefit from cardiac resynchronisation therapy (CRT).
CRT (or biventricular pacing) uses a specialised pacemaker to resynchronise the beating of
the two ventricles by pacing both simultaneously, which improves the contraction of the left
ventricle and the overall efficiency of the heart. It is used in patients with systolic ventricular
dysfunction and heart failure. However, about 30% of patients who meet the inclusion
criteria for CRT do not respond to it. [18] CMR assessment of mechanical dyssynchrony
and myocardial scar provides additional value over echocardiography for identifying
responsive patients. [19, 20] Myocardial scar is an important feature of non-response to
CRT [21, 22] and late gadolinium enhancement (LGE) CMR accurately differentiates
between transmural, mid-myocardial, epicardial, and subendocardial scar.

Statement 8. Compared with stress echocardiography or single photon emission computed
tomography (SPECT), CMR after PPCI in patients with multi-vessel disease better assesses
ischaemia and viability of the myocardium to optimise the revascularisation strategy for the
patient and avoid additional diagnostic tests.
Between 40% and 65% of the patients who activate the PPCI pathway have multi-vessel
disease. Adequate assessment of residual ischemia in non-culprit arteries post PPCI is
important for effective management because this patient group has an adverse prognosis.
Various techniques are currently used to assess the need for additional revascularisation,
including stress echocardiography, SPECT and stress-perfusion CMR. Stress CMR has
excellent prognostic value [23] and better diagnostic accuracy than SPECT [24, 25] or
stress echocardiography [26] for detecting angiographically significant coronary artery
disease.
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Statement 9. Compared with echocardiography, CMR after PPCI better identifies patients
with left ventricular (LV) thrombus for treatment with anticoagulation therapy.
LV thrombus is a serious complication of acute myocardial infarction. It increases risk of
thromboembolic events, particularly stroke. LV thrombus develops in up to 10% of patients
with anterior wall infarctions after PPCI. Although echocardiography is most commonly used
to detect LV thrombus and to assess its shape and size, between 10-46% of
echocardiograms are inconclusive. [27] Late gadolinium enhancement (LGE) CMR is
considered the gold standard for detecting LV thrombus, because it detects thrombus based
on tissue characteristics rather than anatomic appearance. Fewer thrombi are detected by
contrast-echocardiography than by LGE CMR. [28] CMR has a higher sensitivity (88%) than
contrast (61%) and noncontrast (<33%) echocardiography. [28, 29]
_________________________________________________________________________
Statement 10. Compared with other imaging modalities, in patients with multi-vessel
disease, CMR after PPCI better identifies the artery that caused the myocardial infarction
and guides the subsequent treatment plan in relation to additional revascularisation
(percutaneous coronary intervention, or coronary artery bypass graft surgery).
In patients with multi vessel disease presenting with acute MI, the culprit artery is not always
easy to identify as more than one artery could be responsible. CMR has higher spatial
resolution than single photon emission computed tomography (SPECT), allowing easy
identification of the infarct-related artery and non-culprit territory stenosis in PPCI patients,
[30] and hence appropriate risk-stratification of patients with multi-vessel disease for
planning their future treatment. [31]

Statement 11. Compared with echocardiography, CMR after PPCI better identifies
incidental cardiac findings that may need further investigation and treatment.
Compared with echocardiography, CMR provides versatile imaging planes, superior tissue
contrast and advanced tissue characterisation, allowing a comprehensive assessment of
cardiac anatomy, function and flow, and imaging of the great vessels (including venous
return), the pericardium and suspected cardiac tumours. [32] As such, CMR can identify
congenital coronary anomalies, cardiac masses, coronary artery aneurysms, valvular heart
disease, thoracic aortic disease, etc. CMR can adequately differentiate benign from
malignant tumours in the heart. [33]

Statement 12. Compared with echocardiography, CMR after PPCI identifies significant
incidental non-cardiac findings (e.g. oesophageal and lung tumours, pulmonary embolus,
aortic aneurysm) that may need further investigation and treatment.
Unlike echocardiography, which provides limited imaging of mediastinal and extra-cardiac
structures, CMR images a substantial part of the thorax and abdomen in the field of view,
which may potentially contain non-cardiac abnormalities. The prevalence of non-cardiac
findings on CMR is up to 80% (with up to 30% of these representing potentially significant
findings), depending on the characteristics of the population examined. [34-36]
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