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ABSTRACT

Myocardial infarction with non-obstructive coronary arteries (MINOCA) occurs in 10% of patients
with myocardial infarction (MI). It is characterised by clinical evidence of MI in whom angiography
does not show obstructive coronary artery disease (stenosis severity <50%), and thus there is no
immediately apparent cause for the presentation. Cardiac magnetic resonance imaging (CMR) is a
key diagnostic tool in the evaluation of patients presenting with MINOCA by providing a definite
diagnosis (confirming myocardial necrosis) while also excluding other aetiologies. Despite the recent
scientific interest in MINOCA, in clinical practice these patients are often discharged with minimal
explanation for their MI diagnosis and limited understanding of their outcomes. To improve this
knowledge gap, this study characterises patients presenting with MINOCA according to their CMR
findings and describes the prevalence, patient characteristics and 12-month clinical outcomes
(readmission and mortality) of those with (i) infarction/myocardial necrosis, (ii) non-ischaemic
aetiology, and (iii) normal CMR findings. The null hypothesis to be tested is patient characteristics
and clinical outcomes will not vary according to the CMR findings of MINOCA patients. In this
retrospective analysis, 941 MINOCA patients were identified through the CADOSA registry between
2012-2017, and 177 underwent CMR. The prevalence of CMR findings were: 9% had an infarct, 70%
were non-ischaemic and 21% had a normal CMR. The infarct patients had the highest all-cause, 12-
month mortality (6%), followed by the non-ischaemic patients (2%) and 0% for the normal patients.
Over 12 months, non-ischaemic patients had the highest cardiac readmission rate (18%), followed by
normal patients (14%) and infarct patients (13%). Overall, CMR had a significant clinical impact in
43% of patients by providing a new diagnosis and a specific diagnosis in 79% of patients. These
findings highlight the heterogeneity associated with MINOCA patients and clinical outcomes,
underscoring the need to individualise their management and follow-up.
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INTRODUCTION

1.1 Coronary Artery Disease (CAD)

Cardiovascular disease refers to heart and blood vessel related diseases such as stroke, peripheral
vascular disease and, the most prevalent, coronary artery disease (CAD), which remains responsible
for one-third of all deaths in individuals over 35 years.! Two major forms of CAD include acute
coronary syndrome (ACS) and stable angina.? ACS is a collective term for clinical symptoms caused
by myocardial ischaemia which includes acute myocardial infarction (AMI) and unstable angina.?
Patients exhibiting clinical symptoms of ischaemia, but no evidence of myocardial necrosis are

considered to have unstable angina,® whereas myocardial necrosis (cell death) is indicative of AMI.*

1.2 Acute Myocardial Infarction (AMI)

Annually, 55,000 Australians experience AMI or heart attack, which equates to one every 10
minutes.> AMI commonly occurs as a result of coronary artery occlusion, ultimately causing
haemodynamic disturbance.® The pathophysiology of an AMI is reflected by causes of occlusion.”
Atherosclerosis is a condition in which fatty deposits (plaques) build up along the inside walls of
coronary arteries, which reduces the size of the arterial lumen.” This restricts coronary blood flow to
the myocardium causing prolonged myocardial ischaemia (myocardial tissues are compromised due
to inadequate blood flow), ultimately leading to myocardial necrosis.® % ° Myocardial ischaemia can
manifest as chest pain, termed ‘angina’.!® The atherosclerotic plaques can also suddenly rupture,
causing the formation of a blood clot (coronary thrombosis) or vasospasm, resulting in coronary
occlusion an thus severe acute ischaemia.!® Although atherosclerosis is the most common cause of
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AMI, accounting for at least 70% of fatal events a combination of thrombosis, atheroma and

vascular dysfunction also contribute to the pathophysiology of an AMI.'?



1.2.1 Clinical criteria of AMI
The Fourth Universal Definition of AMI devised by The European Society of Cardiology/
American College of Cardiology Joint Task Force clinically defines AMI by the following
features:®

a. Positive cardiac biomarker: Detection of a rise/fall of cardiac troponin (cTn) value

above the 99" percentile upper reference limit
b. Clinical evidence of MI, including any of the following
1. Ischaemic symptoms (chest pain lasting >10 mins)

1. Ischaemic electrocardiography (ECG) changes

Myocardial necrosis triggers the release of troponin (a protein specifically expressed by cardiac
muscle cells) into the systemic circulation.® Due to being a sensitive and specific cardiac biomarker
of cardiac injury, troponin is considered the ‘gold standard’ method for assessing AMI, however it is
not only used for an AMI diagnosis.'® Therefore, elevation of ¢Tn must be interpreted in the context
of clinical history and ECG findings.'* Abnormal ¢Tn is considered when values are above the 99t
percentile of the upper reference limit.® Myocardial injury is defined by elevation of ¢Tn when
ischaemia is not present.'* Distinguished from myocardial infarction, myocardial injury occurs in the
setting of c¢Tn elevation in the absence of myocardial ischaemia, and a cause is specified for its

presence.b

1.2.2 Prognosis of AMI

Patients who survive an AMI are at risk of further cardiovascular events including death, recurrent
MI, heart failure, arrythmias, angina and stroke.!> Prognosis may vary widely between individuals
according to their clinical profile, comorbidities and risk factors, thus risk stratification models are
important in predicting prognosis.!> In developed countries, mortality rates following AMI have
decreased over time, concomitantly with acute treatment, long-term secondary prevention and the

common use of revascularisation procedures.'® 7 The 30 day mortality after AMI is around 2-3%.'®



1.2.3 Diagnostic management of AMI

Coronary angiography is an invasive procedure in which a catheter injects a contrast dye into the
epicardial coronary artery to establish the site and extent of coronary blockages.'” Hence, it is the
recommended investigation for the identification of coronary artery stenosis related to atherosclerotic
CAD, and guides the therapeutic management of AMI.'” Coronary vessels narrowed at least 50% are
termed ‘obstructive CAD’?* which accounts for a significant proportion of myocardial infarcts, hence
the term ‘MICAD’ (Myocardial Infarction with Coronary Artery Disease).?’ The management of
MICAD patients is well defined and is focused on alleviating atherothrombotic processes that
obstruct coronary blood flow through revascularisation therapies (i.e. stenting) and use of secondary

prevention medications.?’

In the past, patients with a clinical criteria for STEMI (ST-Elevation-MI) were often labelled as
having false-positive diagnosis when obstructive atheroma or thrombosis was absent on
angiography.?! Consequently, implying the absence of AMI despite clinical presentation often
enabled no further diagnostic investigation or appropriate cardiac therapy.?? To reduce this diagnostic
error, the new clinical entity MINOCA (Myocardial Infarction with Non-Obstructive Coronary

Artery Disease) was devised.??

1.3 Myocardial Infarction with Non-Obstructive Coronary Artery Disease (MINOCA)

Approximately 10% of patients with AMI do not reveal obstructive CAD on angiography,? so the
underlying pathophysiological processes are not immediately identified, a diagnosis referred to as
MINOCA .** This entity has become increasingly recognised through the frequent utilisation of
coronary angiography during an AMI ultimately surging a recent interest in these patients.?* This
intriguing subgroup is characterised by clinical evidence of AMI with nonobstructive coronary
arteries on angiography (stenosis severity <50%).2° Potential underlying mechanisms include

coronary causes such as plaque disruption and coronary artery spasm; non-ischaemic disorders such



as myocarditis, takotsubo cardiomyopathy (TTC) and other cardiomyopathies.>> These patients are

often discharged with minimal explanation for their AMI, limited therapies and lack of follow-up.?*

1.4 Types of AMI
The Fourth Universal Definition further classifies AMI into 5 types, outlined below, based on

pathological, clinical and prognostic differences, along with different treatment strategies.®

Type | Definition

Infarction due to ischaemia from a primary coronary event such as atherosclerotic plaque
disruption (rupture or erosion).

Ischaemic myocardial injury in the context of a mismatch between oxygen supply and
demand. This can be caused by coronary spasm, coronary embolism, arrhythmia, anaemia, or
hypotension.

11 Sudden cardiac death with symptoms suggestive of myocardial ischaemia, such as new
ischaemic ECG changes, but which produces death before a blood sample can be obtained or
when death occurs during the lag period before serum markers appear in the blood.

IVa Infarction resulting from percutaneous coronary intervention.
IVb Infarction from stent thrombosis.
A% Infarction due to ischaemia related to coronary artery bypass grafting.

MINOCA comprises 5-20% of all type I AMI with atherosclerotic plaque disruption being a frequent
cause.’ It is also important to consider type II AMI as it is the most common cause of MINOCA,*

such as coronary artery spasm and thromboembolism.?¢

1.5 Clinical Features and Risk Factors of MINOCA

Studies have revealed that MINOCA patients cannot be delineated from those with MICAD based on
clinical characteristics or risk factors.?* Cardiovascular risk factors are similar between both groups,
however a comparative study revealed that hyperlipidemia is less likely in those with MINOCA
compared to MICAD patients (21% vs. 32% respectively).2’ In comparison to those with MICAD,

MINOCA patients are younger and more often women (40% vs. 25% respectively), despite sharing




many other clinical features.?> More specifically, 55 years was calculated to be the mean age of

MINOCA patients while MICAD patients typically range between 58.8 and 61.2 years.?

1.6.1 Diagnosis of MINOCA

A MINOCA diagnosis is made for patients with a clinical presentation of AMI (according to the
Universal Definition aforementioned)® 27 in whom angiography does not show obstructive CAD and
there is no immediately apparent cause for the presentation.?* This is an important distinction to make,
as AMI is a clinical diagnosis, some patients may have fulfilled criteria for AMI but may have
experienced a disorder that ‘mimics’ AMI.?* A common example of this is myocarditis (inflammation
of the heart muscle, often caused by a virus) where a patient can present with fever, pleuritic chest
pain, ECG changes and troponin elevation.?* In this situation, an angiography is performed to rule
out CAD and reveals non-obstructive CAD.?* The diagnosis is myocarditis and the patient should not
be considered MINOCA .?* In contrast, a patient with no virus symptoms or fever who presents with
pleuritic chest pain, ECG and troponin elevation and reveals non-obstructive CAD should be
diagnosed as MINOCA.?>* 1t is in this context that MINOCA is considered a ‘working diagnosis’,
analogous to heart failure.?® This flags the necessity to evaluate the patient for the potential underlying

cause of this presentation.?*

1.6.2 Using Cardiovascular Magnetic Resonance Imaging (CMR) in MINOCA

Given the range of aetiologies that can account for MINOCA presentations, further investigation to
identify underlying causes is important if effective therapy is to be instituted.>* The characterisation
of myocardial and microvascular injury in MINOCA patients can be completed by CMR.?® The high
tissue contrast and resolution of this diagnostic tool allows for precise evaluation of myocardial
structure and function.® Late gadolinium enhancement (LGE-CMR) uses contrast agents for the
assessment of myocardial perfusion and prior MI (increase in extracellular space associated with the

fibrosis).® As little as 1 gram of subendocardial infarction can be detected by localised delay in



contrast enhancement.?? CMR is also able to determine acute myocardial injury from chronic through
identifying the presence and extent of myocardial oedema/inflammation.® Areas of scarring is
enhanced by LGE contrast agents washing from the myocardium with increased extracellular space
such as fibrosis.® Fibrosis scars extending from the subendocardium to the epicardium are usually
ischaemic.® Conversely, a typical non-ischaemic scar is present in the epicardium, in the mid-wall, or

at the insertion points of the right ventricle.

Further, CMR is able to identify the cause in approximately 90% of MINOCA patients®® and is used
as the benchmark non-invasive method to diagnose non-coronary conditions such as myocarditis and
other cardiomyopathies.*® In a study by Dastidar et al.,>' CMR provided a definitive diagnosis in 70%
of MINOCA patients, ultimately providing a new diagnosis in 54% of patients and a change in
management in 41%. Thus, the ESC’s task force and various experts recommends the utilisation of

CMR for evaluating underlying pathogenesis of MINOCA patients.?> 26: 30

1.7 Management and Prognosis of MINOCA

Whilst treatment strategies are well defined for AMI patients, there are currently no randomised
clinical trials investigating different treatment strategies for MINOCA patients. Observational data
from the SWEDEHEART (the Swedish Web-system for Enhancement and Development of
Evidence-based care in Heart disease Evaluated According to Recommended Therapy) Registry
revealed a 23%, 18%, 14% and 10% reduction in major adverse cardiovascular events in MINOCA
patients with statin, angiotensin-converting enzyme inhibitor/angiotensin-receptor blocker, beta
blockers and dual antiplatelet therapy, accordingly.’?> The ESC suggests empiric treatment with
aspirin and statins.?® Additionally, it is proposed that calcium channel blockers are used for
vasospasm if the underlying mechanisms include thromboembolism, coronary spasm and coronary

plaque disruption.
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The prognosis of patients with MINOCA is guarded and depends on the underlying cause, but overall
is not a benign condition that should be underscored.’ In comparison to MICAD patients, those with
MINOCA have a better prognosis, however long-term cardiovascular events is still important to
recognise as MINOCA patients are younger and have fewer comorbidities.?> 33 A systematic review
by Pasupathy et al.”> revealed an in-hospital and 12-month all-cause mortality of 1.1% and 3.5%
accordingly. These values are similar to the ANZAC (All New Zealand Acute Coronary Syndrome)
study** reporting a 12-month mortality of 3.2%, and the SWEDEHEART study?? reporting a 4 year
mortality of 13%. The prominent contributor of mortality is non-CVD death.** In addition to
mortality, hospitalisation rates and symptom burden should be also be considered in MINOCA
patients. Grodzinsky et al.’ revealed that 25% of patients with MINOCA had ongoing post-infarct
angina at 12 months, similar to MICAD patients. In a multicenter, observational cohort study of older
patients with AMI (>65 years), 38% of MINOCA patients were re-hospitalised for AMI (1%), heart
failure (6%), stroke (2%) and other cardiac conditions.?> In comparison to MICAD patients, those
with MINOCA are less likely to be satisfied with their ongoing treatment and more likely to have a

poorer quality of life.3

1.8 Significance of research

Establishing MINOCA as a diagnostic entity has initiated a journey in improving the quality of care
and understanding of this disorder.?* Despite investigations such as ECG, echocardiography and
coronary angiography, there remains a challenge of establishing a diagnosis on clinical grounds.*’
This difficulty has led to MINOCA patients being often overlooked in contemporary clinical practice.
Further, the wide scope of underlying causes warrants more research to understand how MINOCA
patients can be characterized (both on prognosis and clinical features) according to their diagnostic
workup findings. An important next step includes a multicenter randomised controlled trial
investigating secondary prevention therapies on MINOCA patients.?’ It is important to note that the

use of CMR has a significant role in providing a definite diagnosis while also excluding other
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aetiologies in MINOCA patients.?® Therefore, this research is important to emphasise the significance
of CMR in MINOCA patients whilst also being the first study to evaluate characteristics on the

prognosis of MINOCA patients who had CMR in South Australia.

1.9 Aims and Hypothesis

This study aims to characterise patients presenting with MINOCA according to their CMR findings
and describe the prevalence, patient characteristics and 12-month clinical outcomes (mortality and
re-hospitalisations) of those with (i) evidence of infarction (i.e. myocardial cell death), (ii) evidence
of non-ischaemic aetiology (i.e. myocarditis), and (iii) normal CMR findings. Accordingly, the null
hypothesis to be tested is patient characteristics and clinical outcomes will not vary according to the

CMR findings of MINOCA patients.
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2.0 METHODS & MATERIALS

All protocols for this study were subject to prior approval by the Central Adelaide Local Health
Network (CALHN) Human Research Ethics Committee (HREC) under the CADOSA (Coronary

Angiogram Database of South Australia) Registry, HREC Approval Number: HREC/15/TQEH/252.

2.1 Study Design

2.1.1 Data collection

CADOSA Registry: The CADOSA registry was established in 2012 and is a state-wide database of
all consecutive patients undergoing coronary angiography procedures in South Australian public
hospitals (The Queen Elizabeth Hospital, Royal Adelaide Hospital, Lyell McEwin Hospital, Flinders
Medical Centre & Calvary Hospital). A detailed case report form, compatible with the American
College of Cardiology CathPCI Registry, is completed for all patients enrolled in the Registry. Data
is captured via an opt-out consent approach. CADOSA data was obtained for patients undergoing
coronary angiography between 2012-2017 for AMI and included data on patient demographics,
clinical characteristics, angiography findings, medications and in-hospital events. This data was

provided following authorisation by the CADOSA Data Custodian for the purpose of this analysis.

From the overall CADOSA AMI data, consecutive patients with AMI and non-obstructive CAD
during 2012-2017 were further reviewed to capture additional data not contained in the CADOSA
Registry. This included an evaluation of the clinical context of cardiac troponin T (cTnT) elevation,
including obtaining all cTnT results during the admission, obtain MRI findings, echo findings and
other additional investigations, such as pulmonary embolism (PE) testing, conducted during

admission.
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2.1.2 Clinical Criteria — AMI

The CADOSA Registry identifies AMI patients according to the Fourth Universal Definition of AMI

devised by The European Society of Cardiology/American College of Cardiology Joint Task Force:®

Positive cardiac

biomarker (detection of a rise/fall of cardiac troponin value above the 99 percentile

upper reference limit), ischaemic symptoms (chest pain lasting >10 mins) and ischaemic

electrocardiography (ECG) changes.

2.1.3 MINOCA Study Group

The MINOCA

study group included MINOCA patients identified in the CADOSA Registry

undergoing CMR either during their hospitalisation, or at the next available booking.

Inclusion criteria

(1) Confirmed clinical diagnosis of AMI and undergoing coronary angiography
(11) Non-obstructed coronary arteries (stenosis severity <50%) on angiography
(111) Troponin elevation above 90ng/ml

(1v) CMR undertaken

Exclusion criteria

(1) Patients undergoing coronary angiography with MICAD

(11) Patients undergoing coronary angiography following cardiac arrest

(111) Patients undergoing coronary angiography with insufficient data recorded in the
registry

(1v) MINOCA patients not undergoing CMR or with troponin elevation below 90ng/ml

v) MINOCA patients with insufficient CMR data

14




2.2 Collection of Prognosis Data

Outcomes for patients were obtained following review of hospital administrative and electronical
medical records. The outcomes collected included all-cause mortality and re-hospitalisation. In and
out of hospital deaths occurring 12-months post discharge were identified. Re-hospitalisation data
was collected for 12 months post discharge and defined as cardiac and non-cardiac readmission to

any South Australian public hospital, based on the primary diagnosis recorded for the admission.

Patients were classified as having experienced:

All-cause mortality: Identified as a death occurring in hospital or out of hospital regardless of the
cause of death.

Cardiac readmission: Any cardiac readmission over 12 months. If a patient experienced both a
cardiac and non-cardiac readmission, they were only classified as a cardiac readmission.
Non-cardiac readmission: Any non-cardiac readmission over 12 months but no cardiac
readmissions.

Additionally, a composite all-cause readmission outcome was collected reflecting patients with any

cardiac or any non-cardiac readmission over 12 months.

2.3 CMR classification/Diagnosis

2.3.1 Pre-CMR Classification/Diagnosis

Pre-CMR diagnosis was determined by medical record documentation of the clinician’s suspected
diagnosis which was based on a composite of clinical, biomarkers, ECG, echocardiographic and
angiographic information. This information was used to then classify MINOCA patients into the

following diagnostic groups: myocarditis, MI, TTC, other cardiomyopathy and uncertain.

15



2.3.2 Post-CMR Classification/Diagnosis

All CMRs undertaken in relation to the AMI admission for MINOCA patients were reviewed and
patients were classified into one of the following three groups based on the CMR diagnosis in
conjunction with the clinical context:

Infarction: CMR confirmed MI was diagnosed by territorial subendocardial and/or transmural LGE.
Non-ischaemic: CMR confirmed cardiomyopathy: myocarditis, TTC or other cardiomyopathy.
Normal: Structurally normal heart, defined as no regional wall motion abnormality, no myocardial
oedema, no myocardial LGE in left ventricular.

The CMR diagnosis was corroborated in conjunction with a MINOCA expert.

2.4 Primary outcomes
The primary outcomes for this study were
(1) Prevalence of CMR confirmed infarction (i.e. myocardial cell death), non-ischaemic
diagnoses (i.e. myocarditis), and (ii1) normal cMRI findings.
(2) Comparison of clinical features and prognostic outcomes (mortality and readmission) of

MINOCA patients according to their CMR diagnosis

2.5 Statistical Analysis

Data for continuous variables are presented as mean + standard deviation. Categorical variables are
presented as frequencies and percentages. Clinical data and prognosis data were analysed for the
overall study group and then compared between the three post-CMR classification/diagnosis groups.
Comparisons were performed using linear or logistic models according to the dependent outcome
being either continuous or binary and the CMR diagnosis (infarct, ischaemic or normal) being the
categorical predictor variable. A p-value of <0.05 was considered statistically significant. All

analyses were performed using SPSS Version 25 for MacOS Mojave.
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3.0 RESULTS

A total of 9585 patients with AMI and non-obstructive CAD during 2012-2017 were identified in
CADOSA, of which 90% (n=8644) were excluded for having evidence of MICAD (n= 7725), minor
troponin rise (n= 422), cardiac arrest (n=489) and insufficient data (n= §). The remaining 10% (n=
941) of patients were considered MINOCA but only 23% (n= 218) of these patients had undergone a
CMR. A total of 177 MINOCA patients were included into the study as 41 patients had insufficient
CMR data. The prevalence of the post-CMR classification/diagnosis was: 9% (n= 16) had an infarct,

70% (n=124) were non-ischaemic and 21% (n= 37) had normal CMR results (Figure 1).

9585 patients identified in CADOSA

Evidence of MICAD (Stenosis severity > 50%)
(n=7725)

\ 4

Minor troponin rise (<90ng/ml) (n= 422)

v

v

Cardiac arrest patients (n= 489)

Insufficient data (n= 8)

v

v

941 (10%) MINOCA patients

v

No CMR (n=723)

A4
218 MINOCA patients

‘ > Insufficient CMR data (n=41)

v

177 (19%) MINOCA patients

i ‘, l

16 (9%) 124 (70%) 37 21%)
Infarct Non-ischaemic Normal

Figure 1. Retrospective analysis profile for MINOCA patients undergoing CMR between 2012-2017.
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3.1. Baseline data

3.1.1. Baseline Clinical Characteristics

All data presented is related to the final MINOCA group with CMR findings available (n=177).
Baseline clinical characteristics for MINOCA patients undergoing CMR is summarised in table 1.
The mean age overall was 58+16 years, where 62% of the cohort were female. Compared to the non-
ischaemic group, the infarct group were on average older (66£13 vs. 57£16, p<0.05) and compared

to the normal group, the infarct patients were more often women (81% vs. 54%, p<0.05).
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Table 1. Baseline clinical characteristics of MINOCA patients undergoing CMR. AMI: Acute

myocardial infarction, CAD: coronary artery disease, COPD: Coronary obstructive pulmonary

disease.
Baseline Clinical Characteristics
Overall Infarct Non- Normal P-value
ischaemic
(n=177) (n=16) (n=124) (n=37)
Variable n % n % n % n % Infarct vs. | Infarct | Non-
Non- VS. Ischae
Ischaemic | Normal | mic vs.
Normal
Age, years 58 66 57 57 0.037* 0.059 0.984
(mean/SD) (16) (13) (16) (16)
Gender (female) 109 62% | 13 81% | 76 61% | 20 54% | 0.131 0.07* 0.432
Weight, Kg 78 78 77 85 0.892 0.241 0.061
(mean/SD) (18) (13) (19) (18)
Height, cm 167 158 169 165 0.007* 0.05%* 0.156
(mean/SD) (11) (10) (11) (8)
Ethnicity
Indigenous/Torres | 3 2% 0 0% 2 2% 1 3% 0.999 0.999 0.670
Strait Islander
Cardiac risk factors
Smoker 42 25% | 2 13% | 33 28% |7 19% | 0.239 0.604 0.310
Hypertension 81 48% | 11 69% | 50 43% | 20 54% | 0.058 0.322 0.230
Dyslipidaemia 71 41% | 10 62% | 50 42% | 11 30% | 0.129 0.029* 0.184
Diabetes Mellitus | 21 12% | 3 19% | 10 8% 8 22% | 0.183 0.813 0.028*
Previous Cardiac History
Prior AMI 9 5% 2 13% | 6 5% 1 3% 0.244 0.195 0.566
Prior heart failure | 7 4% 1 6% 4 3% 2 5% 0.562 0.903 0.563
Family CAD 60 37% | 3 21% | 46 40% | 11 32% | 0.181 0.452 0.402
Prior Angiogram | 11 13% | 2 29% |7 12% | 2 11% | 0.241 0.275 0.874
Peripheral Artery | 3 2% 0 0% 3 3% 0 0% 0.999 - 0.998
Disease
Comorbidities
Depression 43 25% | 4 27% | 32 26% |7 21% | 0.971 0.639 0.503
Sleep Apnoea 2 3% 0 0% 1 2% 1 6% 0.999 0.999 0.415
COPD 15 9% 1 7% 10 8% 4 11% | 0.824 0.611 0.576
Cerebrovascular 9 5% 0 0% 8 7% 1 3% 0.999 0.999 0.381
Disease
Current dialysis 1 1% 0 0% 0 0% 1 3% - 0.999 0.996
Asthma 30 18% |3 20% | 21 17% | 6 18% | 0.800 0.845 0.968
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3.1.2 Discharge medication

Discharge medications pre-CMR for MINOCA patients are demonstrated in table 2. The infarct group

received more ticagrelor (25%) in comparison to the non-ischaemic group (4%, p<0.05) and normal

group (3%, p<0.05). The normal group were prescribed more calcium channel blockers compared to

the non-ischaemic group (24% vs. 9%, p<0.05).

Table 2. Discharge medication pre-CMR for MINOCA patients undergoing CMR. ACE inhibitors:

angiotensin-converting-enzyme inhibitors, - blockers: Beta blockers.

Discharge Medication

Non-

Overall Infarct . . Normal
ischaemic P-value
(n=177) (n=16) (n=124) (n=37)

Infarct Infarct | Non-
Variable n % n % n % n % vs. Non- VS. Ischaemic

Ischaemic | Normal | vs. Normal
Aspirin 92 52% | 10 63% | 61 49% | 21 57% | 0.321 0.697 0.42
Clopidogrel 13 7% 2 13% | 8 7% 3 8% | 0.386 0.618 0.727
Ticagrelor 10 6% 4 25% |5 4% 1 3% | 0.05* 0.033* | 0.71
Statins 87 49% | 9 56% | 59 48% | 19 51% | 0.515 0.743 0.687
B- blockers 74 42% | 7 44% | 56 45% | 11 30% | 0.915 0.325 0.98
Calcium
Channel 23 13% | 3 19% | 11 9% 9 24% | 0.227 0.657
Blockers 0.016*
Nitrate 23 13% | 4 25% | 12 10% |7 19% | 0.082 0.617 0133
Ace inhibitors 98 55% | 9 57% | 69 56% | 20 54% | 0.963 0.883 0.864
Angiotensin 29 16% | 2 13% | 17 14% | 10 27% | 0.894 0.258 0.062
Ace inhibitor
and/or 125 |71% |11 | 69% |85 |69% |29 |78% |0.987 0.457
angiotensin
receptor blocker 0.252
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3.2 Further diagnostic investigation

Further diagnostic investigation and CMR parameters are outlined in table 3. The normal patients

had a higher ejection fraction on CMR (65+12) compared to the infarct group (53+16, P<0.05) and

the non-ischaemic group (49+18, P<0.05).

Table 3. Further diagnostic investigation and CMR findings for MINOCA patients undergoing CMR.

PE: Pulmonary embolism, Echo= Echocardiogram, Ef: Ejection fraction.

Further diagnostic investigation

Overall Infarct Non-ischaemic Normal P-value
(n=177) (n=16) (n=124) (n=37)
Variable n % n % n % n % Infarct Infarct | Non-
vs. Non- | vs. Ischaemic
Ischaemic | Normal | vs.
Normal
PE testing
PE testing | 13 7% 2 13% 6 5% 5 14% 0.236 0.920 0.081
Echocardiogram
Echo 92 53% 9 56% 63 51% 20 54% 0.705 0.883 0.762
testing
Ef 46 56 (8) 40 58 (3) 0.08 0.758 0.08
(mean/SD) | (19) (21)
CMR
Ef 53 53 49 65 0.455 0.008* | <0.001%*
(mean/SD) | (18) (16) (18) (12)
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3.3 12-month Outcomes

3.3.1 All-cause mortality

All-cause mortality within 1 month, 1-12 months and over 12 months are presented in figure 2. There
were no in-hospital mortality events amongst all three groups. Within 1 month, mortality was only
observed in the non-ischaemic group (1%). Although not statistically significant, within 1-12 months,
the infarct group had the highest mortality (6%) followed by the non-ischaemic group (2%). Similar
non-statistically significant results were seen across 12 months where the infarct group had the

highest mortality (6%), followed by the non-ischaemic group (2%) and no mortality in the normal

group.

All- cause mortality

6%
5%
3%
. B I I I
0%

1 month 1-12 months Over 12 months

All-cause mortality (%)
2 £

m Overall mInfarct = Non-ischaemic Normal

Figure 2. All- cause mortality of MINOCA patients at 1 month, 1-12 months and over 12 months.
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3.3.2. Cardiac and non-cardiac readmission within 1 month, 1-6 months and 6-12 months

Cardiac and non-cardiac readmissions for all MINOCA patients are outlined in table 4. At 1 month,
the overall cardiac readmission rate was 7% and 8% for non-cardiac readmissions. These rates were
similar for the three groups. At 1-6 months, the overall cardiac and non-cardiac readmission rate were
both 7%. Although not statistically significant, the infarct patients experienced no cardiac
readmissions, but the non-ischaemic and normal patients did (7% and 8% respectively). At 6-12
months, again the overall cardiac and non-cardiac readmission rate were both 7%. At this time point,

these readmissions were experienced by the infarct and non-ischaemic patients only (6% each).

Table 4. Cardiac and non-cardiac readmissions of MINOCA patients at 1 month, 1-6 months and 6-

12 months.
Readmission
Overall Infarct Non- Normal P- value
ischaemic
(n=177) (n=16) (n=124) (n=37)
Variable n % n % n % n % Infarct Infarct vs. | Non-
vs. Non- | Normal Ischaemic
Ischaemic vs. Normal
Within 1 month
All-cause 25 14% | 2 13% | 17 | 14% | 6 16% | 0.894 0.729 0.703
Cardiac 12 [ 7% |1 6% |8 7% |3 8% 0.975 0.815 0.727
Non-cardiac | 14 | 8% |1 6% |10 | 8% |3 8% 0.800 0.815 0.993
Between 1-6 months
All-cause 21 12% | 1 6% |17 |14% |3 8% 0.415 0.815 0.370
Cardiac 12 [ 7% |0 0% |9 7% |3 8% 0.999 0.999 0.863
Non-cardiac | 13 | 7% | 1 6% |11 |9% |1 3% 0.726 0.545 0.238
Between 6-12 months

All-cause 20 | 11% | 2 13% | 16 | 12% | 2 5% 0.964 0.382 0.219
Cardiac 8 7% |1 6% |7 6% |0 0% 0.922 0.998 0.998
Non-cardiac | 13 | 7% | 1 6% |10 | 8% |2 5% 0.800 0.903 0.591
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3.3.3. Cardiac and non-cardiac readmissions over 12 months

Figure 3 demonstrates the cardiac and non-cardiac readmission of MINOCA patients over 12 months.

Overall, 29% of patients experienced any admission, 16% of patients experienced only cardiac

readmission and 18% of patients experienced only non-cardiac admissions. There were no statistical

significance differences amongst the readmissions data.

Readmission over 12 months
20%

18%
16%
14% 16%
12% 14%
10%
8%
6%
4%
2%
0%

Cardiac Non-cardiac

Readmission (%)

m Overall mInfarct = Non-ischaemic Normal

Figure 3. Cardiac and non-cardiac readmission of MINOCA patients over 12 months.
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3.3.4 Cardiac readmission causes for MINOCA patients
The cardiac readmission causes over 12 months is shown in figure 4. Angina accounted for half of

cardiac readmissions (49%).

Cardiac readmission causes

= Angina

= Recurrent M1

= HF

Stroke

® Other cardiac conditions

Figure 4. Cardiac readmission causes for MINOCA patients within 12 months. MI: myocardial

infarction, HF: heart failure.
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3.3.5 Cardiac readmission causes according to CMR diagnosis

The cardiac readmission causes for MINOCA patients according to their CMR diagnosis within 12
months is presented in figure 5. The normal group experienced the most angina (11%), followed by
the non-ischaemic group (10%) and no angina admissions for the infarct group. The only group to
have recurrent MI was those with a non-ischaemic diagnosis (2%). The infarct group had the highest
heart failure (5%) and stroke (6%) readmission compared to other groups. There were no statistical

significances amongst the data.

Cardiac readmission causes
12%

10% 11%
10%
8%

6%
6% 6% 6%
4% 5%

2% 3%
2% 1% 2%

Cardiac readmission causes (%)

0%
Angina Recurrent MI HF Stroke Other cardiac
conditions

Infarct Non-ischaemic Normal

Figure S. Cardiac readmission causes for MINOCA patients within 12 months, according to CMR

diagnosis.
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3.4 Comparison of pre-CMR diagnosis to post-CMR diagnosis

Comparison of pre-CMR to post-CMR diagnosis is demonstrated in figure 6. The pre-CMR diagnosis

did not change in over half of patients following the CMR (indicated in blue). However, CMR

provided a new diagnosis in 43% (n= 76) of patients. TTC was the most consistent diagnosis before

and after CMR (n= 54).

Total Post- CMR diagnosis
Sample
n=177
Takotsubo Myocarditis MI Other CM | Normal

Pre- CMR Takotsubo 54 0 1 1 12

diagnosis Myocarditis 0 18 0 0 6

MI 2 2 7 3 1

Other CM 0 2 0 5 1

Uncertain 8 27 8 2 17

Figure 6. Pre-CMR diagnosis compared to post-CMR diagnosis
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4. DISCUSSION

This study is the first to evaluate the prognosis of MINOCA patients according to their CMR
diagnosis. It demonstrates that between 2012-2017, there were 941 MINOCA patients in South
Australia and of these only 218 (23%) underwent CMR. Of the 177 patients with CMR data (58 + 16
years; 62% women) included in the study, CMR provided a specific diagnosis in 79% of patients.
The prevalence was 9% (n=16) had an infarct, 70% (n= 124) were non-ischaemic and 21% (n= 37)

had normal CMR results.

The raised troponin in MINOCA patients with normal CMR is either indicative of myocardial injury
or an alternate diagnosis. The prevalence of normal CMR (21%) is consistent with other studies,
including a meta-analysis of 26 CMR studies investigating MINOCA (8-26%).2> With current
techniques, LGE-CMR cannot detect myocardial injury below approximately 1 gram.’® Thus, the
normal CMR appearance may be a result of necrotic myocytes dispersed over a larger area with no
connecting island of cell death of sufficient size to be detected by LGE imaging. Further, it is possible

that a proportion of patients with troponin elevation may also be a biochemical false positive.

Additionally, studies such as Dastidar et al.3! have demonstrated the importance of performing early
CMR (<2 weeks) in MINOCA patients to maximise diagnostic yield by capturing myocardial damage
before healing occurs. This is important in reversible conditions such as myocarditis and TTC.3! In
this study, the median time for CMR to be conducted after presentation was 3 days (interquartile
range, 4 days) where 70% of patients had a CMR within 2 weeks, suggesting that perhaps timing may
have been a factor in the remaining patients who had late CMR (>2 weeks). Management of normal

CMR patients remains unclear as studies have yet to address this subgroup.?

Prognostically, the study strengthens the growing evidence that the MINOCA population should not

be viewed as a low risk subtype of MI. Overall at the 12-month point, mortality was 2% and the
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overall readmission rate was 29% (Figure 2 & 3, respectively). Although not statically significant,
the infarct patients had the highest all-cause, 12-month mortality (6%) followed by the non-ischaemic
patients (2%) and none for the normal patients (Figure 2). Whilst it is plausible that the death in the
infarct group was non-cardiac related, underlying disease progression cannot be excluded,
underscoring that MINOCA patients require further attention in follow-up and secondary prevention

measures.

As with earlier studies, myocarditis accounts for the most common underlying pathology, contrary
this study as 49 (28%) of patients were diagnosed with myocarditis on CMR and 64 (36%) with TTC
(Figure 6). This is in contrast to earlier work by Assomull et al.*® who only reported one cause of
TTC, but similar to a more recent study by Pathik et al.** (27%). TTC patients often have on-going
symptom burden and repeat TTC.** As TTC patients accounted for 52% of non-ischaemic patients
alone, this may explain why this subgroup had the highest 12-month cardiac readmission (18%,
Figure 3). Further, over 12 months, the normal patients still experienced a moderate rate of cardiac
readmission (14%) compared to a similar rate of 13% in the infarct group (Figure 3). A potential
explanation is that the infarct patients are being diagnosed via CMR as having an ‘infarct’, and
perhaps they were provided with more optimal secondary preventative measures and thus had similar
readmission rate to the normal patient group. However, it should also be considered, as
aforementioned, that the ‘normal” CMR patients may have too little myonecrosis to be detected but
still in-fact have suffered an infarct, leading to inadequate secondary preventative measures, and thus
a high readmission burden, similar to that of infarct patients. This can be supported by these normal

patients experiencing heart failure (5%) and the most angina (11%) (Figure 5).

The data represented in figure 4 and 5 show that angina accounts for half of the cardiac readmission
causes by non-ischaemic and normal patients. Therefore, perhaps strategies to reduce symptom

burden is warranted for these patients. MINOCA patients should therefore receive close follow-up as
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the moderate rate of readmissions, dominated by repeat angina symptoms, reinforces the importance

of establishing a correct diagnosis and regular follow-up.

Overall, CMR had a significant clinical impact in 76 (43%) of patients by providing a new diagnosis
(Figure 6). This figure was smaller, yet not considerably different to other publications such as
Dastidar et al.’® (54%) and Assomull et al.*® (65%). This highlights the potential risk of
underdiagnosing and therefore undertreating patients without the utility of the CMR findings. For
example, if a patient received a clinical diagnosis of AMI but had evidence of myocarditis on CMR,
this patient would not have received important treatments for myocarditis such as corticosteroids if
managed purely on clinical grounds. Although collecting data on change in management was out of
scope of the current study, it provides direction for future studies. A correct diagnosis is imperative

for providing outpatient follow-up management, appropriate counselling and future risk stratification.

Reflecting on the use of cardiac medications prescribed at discharge in conjunction with the post
CMR diagnosis, only 63% of infarct patients received aspirin therapy, although clinical guidelines*!
42 recommend all AMI patients should be given this antiplatelet medication (Table 2), Patients with
a normal CMR may be considered to require less aggressive cardiac medication, however they
received more aspirin, statins and nitrates compared to non-ischaemic patients (57% vs. 49%, 51%
vs. 48% and 19% vs. 10%, respectively, Table 2). Additionally, the normal patients received the most
ace inhibitor and/or angiotensin receptor blocker, another guideline recommended therapy for AMI
patients, (78%) compared to the non-ischaemic and infarct patients (69% each) (Table 2). These
inconsistencies can be explained by the medication being prescribed prior to CMR. Hence, the
clinicians were treating the pre-CMR diagnosis rather than the CMR diagnosis. Comparison of
medications prescribed before and after CMR findings may provide better insights on how MINOCA
patients are receiving treatment according to their CMR diagnosis. Future studies evaluating how

CMR guided management impacts on prognostic outcomes is also warranted. It is important to also
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note that the clinical guideline evidence for the use of cardiac secondary prevention measures has
been generated largely from studies in MICAD patients and there is little data on the benefits of these
measures specifically in MINOCA patients. This issue is currently being addressed in a randomised

controlled trial in Australia and Sweden.*?

Several limitations merit consideration. Firstly, there may be a selection bias in this study. Patients
were recruited based on if they had a CMR undertaken, and thus clinicians believed that further
diagnostic investigation needed to be undertaken in these patients. Thus, a study where all MINOCA
patients undergo a CMR would improve the generalisability of the findings and applicability in the
real world. Secondly, another limitation involves the lack of diversity in patients due to sourcing them
from South Australia only. Hence, it is recommended to widen the geographical sources for patients
which will also increase sample size. To enhance the understanding of MINOCA patient outcomes,
prognosis studies necessitate a larger sample size. A post-hoc power calculation using the cardiac
readmission rates in this study for the infarct, ischaemic and normal patient groups (13%, 18% and
14% respectively), estimate that over 800 patients in each group would be required to determine a
statistically significant difference in outcomes. This type of study and sample size could be achieved

through national or international collaborations.

In addition to improving diagnostic certainty, the additional value of CMR in MINOCA patients
could be further exemplified by documenting the impact both in terms of clinical and health service
utilisation. Although identifying patients who had a change in diagnosis after CMR was important, it
does not imply that a change in management occurred. Hence, investigating changes in length of
hospital stay, changes in discharge medications, association with clinical outcomes, and the
introduction and/or avoidance of additional invasive procedures can better capture the effects CMR

can have on MINOCA patients beyond providing a diagnosis.
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S. CONCLUSION

It is important to identify the underlying cause of MINOCA for each patient to ultimately guide
ongoing management and provide patient assurance and guidance on their condition. The study
strengthens the evidence that CMR is a clinically relevant non-invasive imaging modality for the
assessment of patients presenting with MINOCA by providing a specific diagnosis in 79% of patients.
Additionally, CMR had a significant clinical impact in 76 (43%) of patients by providing a new
diagnosis. Accordingly, there is scope for improved understanding of patients with a normal diagnosis
on CMR and how this diagnostic tool can change management in MINOCA patients, and ultimately

optimise their clinical outcomes.

32



Reference List

N

Rosamond W, Flegal K, Furie K, Go A, Greenlund K, Haase N, Hailpern SM, Ho M, Howard V,
Kissela B, Kittner S, Lloyd-Jones D, McDermott M, Meigs J, Moy C, Nichol G, O'Donnell C,
Roger V, Sorlie P, Steinberger J, Thom T, Wilson M, Hong Y, American Heart Association
Statistics C & Stroke Statistics S (2008). Heart disease and stroke statistics--2008 update: a
report from the American Heart Association Statistics Committee and Stroke Statistics
Subcommittee. Circulation 117, e25-146.

Hamm CW & Braunwald E (2000). A classification of unstable angina revisited. Circulation
102, 118-22.

Anderson JL, Adams CD, Antman EM, Bridges CR, Califf RM, Casey DE, Jr., Chavey WE, 2nd,
Fesmire FM, Hochman JS, Levin TN, Lincoff AM, Peterson ED, Theroux P, Wenger NK,
Wright RS, Smith SC, Jr., Jacobs AK, Adams CD, Anderson JL, Antman EM, Halperin JL, Hunt
SA, Krumholz HM, Kushner FG, Lytle BW, Nishimura R, Ornato JP, Page RL, Riegel B,
American College of C, American Heart Association Task Force on Practice G, American
College of Emergency P, Society for Cardiovascular A, Interventions, Society of Thoracic S,
American Association of C, Pulmonary R & Society for Academic Emergency M (2007).
ACC/AHA 2007 guidelines for the management of patients with unstable angina/non-ST-
Elevation myocardial infarction: a report of the American College of Cardiology/American
Heart Association Task Force on Practice Guidelines (Writing Committee to Revise the 2002
Guidelines for the Management of Patients With Unstable Angina/Non-ST-Elevation
Myocardial Infarction) developed in collaboration with the American College of Emergency
Physicians, the Society for Cardiovascular Angiography and Interventions, and the Society
of Thoracic Surgeons endorsed by the American Association of Cardiovascular and
Pulmonary Rehabilitation and the Society for Academic Emergency Medicine. J Am Coll
Cardiol 50, el-e157.

Thygesen K, Alpert JS, White HD, Joint ESCAAHAWHFTFftRoMI, Jaffe AS, Apple FS, Galvani
M, Katus HA, Newby LK, Ravkilde J, Chaitman B, Clemmensen PM, Dellborg M, Hod H,
Porela P, Underwood R, Bax JJ, Beller GA, Bonow R, Van der Wall EE, Bassand JP, Wijns W,
Ferguson TB, Steg PG, Uretsky BF, Williams DO, Armstrong PW, Antman EM, Fox KA, Hamm
CW, Ohman EM, Simoons ML, Poole-Wilson PA, Gurfinkel EP, Lopez-Sendon JL, Pais P,
Mendis S, Zhu JR, Wallentin LC, Fernandez-Aviles F, Fox KM, Parkhomenko AN, Priori SG,
Tendera M, Voipio-Pulkki LM, Vahanian A, Camm AJ, De Caterina R, Dean V, Dickstein K,
Filippatos G, Funck-Brentano C, Hellemans I, Kristensen SD, McGregor K, Sechtem U, Silber
S, Tendera M, Widimsky P, Zamorano JL, Morais J, Brener S, Harrington R, Morrow D, Lim
M, Martinez-Rios MA, Steinhubl S, Levine GN, Gibler WB, Goff D, Tubaro M, Dudek D & Al-
Attar N (2007). Universal definition of myocardial infarction. Circulation 116, 2634-53.
Foundation TH (2016). The untold story of a heart attack
https://www.heartfoundation.org.au/news/the-untold-story-of-a-heart-attack.

Thygesen K, Alpert JS, Jaffe AS, Chaitman BR, Bax JJ, Morrow DA, White HD & Executive
Group on behalf of the Joint European Society of Cardiology /American College of
Cardiology /American Heart Association /World Heart Federation Task Force for the
Universal Definition of Myocardial | (2018). Fourth Universal Definition of Myocardial
Infarction (2018). Circulation 138, e618-e651.

Falk E, Shah PK & Fuster V (1995). Coronary plaque disruption. Circulation 92, 657-71.
Anderson JL & Morrow DA (2017). Acute Myocardial Infarction. N Engl J Med 376, 2053-
2064.

33



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Eggers KM, Hjort M, Baron T, Jernberg T, Nordenskjold AM, Tornvall P & Lindahl B (2019).
Morbidity and cause-specific mortality in first-time myocardial infarction with
nonobstructive coronary arteries. J Intern Med 285, 419-428.

Chae CW & Kwon YW (2019). Cell signaling and biological pathway in cardiovascular
diseases. Arch Pharm Res 42, 195-205.

Libby P (2001). Current concepts of the pathogenesis of the acute coronary syndromes.
Circulation 104, 365-72.

Pasupathy S, Tavella R, McRae S & Beltrame JF (2015). Myocardial Infarction With Non-
obstructive Coronary Arteries - Diagnosis and Management. Eur Cardiol 10, 79-82.

Morrow DA, Cannon CP, Rifai N, Frey MJ, Vicari R, Lakkis N, Robertson DH, Hille DA,
Delucca PT, DiBattiste PM, Demopoulos LA, Weintraub WS, Braunwald E & Investigators T-
T (2001). Ability of minor elevations of troponins | and T to predict benefit from an early
invasive strategy in patients with unstable angina and non-ST elevation myocardial
infarction: results from a randomized trial. JAMA 286, 2405-12.

Mahajan VS & Jarolim P (2011). How to interpret elevated cardiac troponin levels.
Circulation 124, 2350-4.

Li S, Peng Y, Wang X, Qian Y, Xiang P, Wade SW, Guo H, Lopez JAG, Herzog CA &
Handelsman Y (2019). Cardiovascular events and death after myocardial infarction or
ischemic stroke in an older Medicare population. Clin Cardiol 42, 391-399.

Capewell S, Livingston BM, Maclntyre K, Chalmers JW, Boyd J, Finlayson A, Redpath A, Pell
JP, Evans CJ & McMurray JJ (2000). Trends in case-fatality in 117 718 patients admitted
with acute myocardial infarction in Scotland. Eur Heart J 21, 1833-40.

Hardoon SL, Whincup PH, Petersen |, Capewell S & Morris RW (2011). Trends in longer-
term survival following an acute myocardial infarction and prescribing of evidenced-based
medications in primary care in the UK from 1991: a longitudinal population-based study. J
Epidemiol Community Health 65, 770-4.

Roe MT, Messenger JC, Weintraub WS, Cannon CP, Fonarow GC, Dai D, Chen AY, Klein LW,
Masoudi FA, McKay C, Hewitt K, Brindis RG, Peterson ED & Rumsfeld JS (2010). Treatments,
trends, and outcomes of acute myocardial infarction and percutaneous coronary
intervention. J Am Coll Cardiol 56, 254-63.

Libby P & Braunwald E (2008). Braunwald’s heart disease: a textbook of cardiovascular
medicine. Saunders/Elsevier, Philadelphia.

Niccoli G, Scalone G & Crea F (2015). Acute myocardial infarction with no obstructive
coronary atherosclerosis: mechanisms and management. Eur Heart J 36, 475-81.

McCabe JM, Armstrong EJ, Kulkarni A, Hoffmayer KS, Bhave PD, Garg S, Patel A, MacGregor
JS, Hsue P, Stein JC, Kinlay S & Ganz P (2012). Prevalence and factors associated with false-
positive ST-segment elevation myocardial infarction diagnoses at primary percutaneous
coronary intervention-capable centers: a report from the Activate-SF registry. Arch Intern
Med 172, 864-71.

Beltrame JF (2013). Assessing patients with myocardial infarction and nonobstructed
coronary arteries (MINOCA). J Intern Med 273, 182-5.

Gehrie ER, Reynolds HR, Chen AY, Neelon BH, Roe MT, Gibler WB, Ohman EM, Newby LK,
Peterson ED & Hochman JS (2009). Characterization and outcomes of women and men
with non-ST-segment elevation myocardial infarction and nonobstructive coronary artery
disease: results from the Can Rapid Risk Stratification of Unstable Angina Patients Suppress
Adverse Outcomes with Early Implementation of the ACC/AHA Guidelines (CRUSADE)
quality improvement initiative. Am Heart J 158, 688-94.

Pasupathy S, Tavella R & Beltrame JF (2016). The What, When, Who, Why, How and Where
of Myocardial Infarction With Non-Obstructive Coronary Arteries (MINOCA). Circ J 80, 11-6.

34



25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Pasupathy S, Air T, Dreyer RP, Tavella R & Beltrame JF (2015). Systematic review of patients
presenting with suspected myocardial infarction and nonobstructive coronary arteries.
Circulation 131, 861-70.

Agewall S, Beltrame JF, Reynolds HR, Niessner A, Rosano G, Caforio AL, De Caterina R,
Zimarino M, Roffi M, Kjeldsen K, Atar D, Kaski JC, Sechtem U, Tornvall P &
Pharmacotherapy WGoC (2017). ESC working group position paper on myocardial
infarction with non-obstructive coronary arteries. Eur Heart J 38, 143-153.

Thygesen K, Alpert JS, Jaffe AS, Simoons ML, Chaitman BR, White HD, Joint
ESCAAHAWHFTFfUDoMI, Authors/Task Force Members C, Thygesen K, Alpert JS, White HD,
Biomarker S, Jaffe AS, Katus HA, Apple FS, Lindahl B, Morrow DA, Subcommittee ECG,
Chaitman BR, Clemmensen PM, Johanson P, Hod H, Imaging S, Underwood R, Bax JJ,
Bonow JJ, Pinto F, Gibbons RJ, Classification S, Fox KA, Atar D, Newby LK, Galvani M, Hamm
CW, Intervention S, Uretsky BF, Steg PG, Wijns W, Bassand JP, Menasche P, Ravkilde J,
Trials, Registries S, Ohman EM, Antman EM, Wallentin LC, Armstrong PW, Simoons ML,
Trials, Registries S, Januzzi JL, Nieminen MS, Gheorghiade M, Filippatos G, Trials, Registries
S, Luepker RV, Fortmann SP, Rosamond WD, Levy D, Wood D, Trials, Registries S, Smith SC,
Hu D, Lopez-Sendon JL, Robertson RM, Weaver D, Tendera M, Bove AA, Parkhomenko AN,
Vasilieva EJ, Mendis S, Guidelines ESCCfP, Bax JJ, Baumgartner H, Ceconi C, Dean V, Deaton
C, Fagard R, Funck-Brentano C, Hasdai D, Hoes A, Kirchhof P, Knuuti J, Kolh P, McDonagh T,
Moulin C, Popescu BA, Reiner Z, Sechtem U, Sirnes PA, Tendera M, Torbicki A, Vahanian A,
Windecker S, Document R, Morais J, Aguiar C, Alimahmeed W, Arnar DO, Barili F, Bloch KD,
Bolger AF, Botker HE, Bozkurt B, Bugiardini R, Cannon C, de Lemos J, Eberli FR, Escobar E,
Hlatky M, James S, Kern KB, Moliterno DJ, Mueller C, Neskovic AN, Pieske BM, Schulman
SP, Storey RF, Taubert KA, Vranckx P & Wagner DR (2012). Third universal definition of
myocardial infarction. J Am Coll Cardiol 60, 1581-98.

Khan JN & McCann GP (2017). Cardiovascular magnetic resonance imaging assessment of
outcomes in acute myocardial infarction. World J Cardiol 9, 109-133.

Locca D, Bucciarelli-Ducci C, Ferrante G, La Manna A, Keenan NG, Grasso A, Barlis P, Del
Furia F, Prasad SK, Kaski JC, Pennell DJ & Di Mario C (2010). New universal definition of
myocardial infarction applicable after complex percutaneous coronary interventions? JACC
Cardiovasc Interv 3, 950-8.

Pathik B, Raman B, Mohd Amin NH, Mahadavan D, Rajendran S, McGavigan AD, Grover S,
Smith E, Mazhar J, Bridgman C, Ganesan AN & Selvanayagam JB (2016). Troponin-positive
chest pain with unobstructed coronary arteries: incremental diagnostic value of
cardiovascular magnetic resonance imaging. Eur Heart J Cardiovasc Imaging 17, 1146-52.
Dastidar AG, Rodrigues JCL, Johnson TW, De Garate E, Singhal P, Baritussio A, Scatteia A,
Strange J, Nightingale AK, Angelini GD, Baumbach A, Delgado V & Bucciarelli-Ducci C
(2017). Myocardial Infarction With Nonobstructed Coronary Arteries: Impact of CMR Early
After Presentation. JACC Cardiovasc Imaging 10, 1204-1206.

Lindahl B, Baron T, Erlinge D, Hadziosmanovic N, Nordenskjold A, Gard A & Jernberg T
(2017). Medical Therapy for Secondary Prevention and Long-Term Outcome in Patients
With Myocardial Infarction With Nonobstructive Coronary Artery Disease. Circulation 135,
1481-1489.

von Korn H, Graefe V, Ohlow MA, Yu J, Huegl B, Wagner A, Gruene S & Lauer B (2008).
Acute coronary syndrome without significant stenosis on angiography: characteristics and
prognosis. Tex Heart Inst J 35, 406-12.

Williams MJA, Barr PR, Lee M, Poppe KK & Kerr AJ (2019). Outcome after myocardial
infarction without obstructive coronary artery disease. Heart 105, 524-530.

35



35.

36.

37.

38.

39.

40.

41.

42.

43.

Dreyer RP, Tavella R, Curtis JP, Wang Y, Pauspathy S, Messenger J, Rumsfeld JS, Maddox
TM, Krumholz HM, Spertus JA & Beltrame JF (2020). Myocardial infarction with non-
obstructive coronary arteries as compared with myocardial infarction and obstructive
coronary disease: outcomes in a Medicare population. Eur Heart J 41, 870-878.

Grodzinsky A, Arnold SV, Gosch K, Spertus JA, Foody JM, Beltrame J, Maddox TM, Parashar
S & Kosiborod M (2015). Angina Frequency After Acute Myocardial Infarction In Patients
Without Obstructive Coronary Artery Disease. Eur Heart J Qual Care Clin Outcomes 1, 92-
99.

Pasupathy S, Tavella R & Beltrame JF (2017). Myocardial Infarction With Nonobstructive
Coronary Arteries (MINOCA): The Past, Present, and Future Management. Circulation 135,
1490-1493.

Masci PG & Bogaert J (2012). Post myocardial infarction of the left ventricle: the course
ahead seen by cardiac MRI. Cardiovasc Diagn Ther 2, 113-27.

Assomull RG, Lyne JC, Keenan N, Gulati A, Bunce NH, Davies SW, Pennell DJ & Prasad SK
(2007). The role of cardiovascular magnetic resonance in patients presenting with chest
pain, raised troponin, and unobstructed coronary arteries. Eur Heart J 28, 1242-9.
Nunez-Gil lJ, Almendro-Delia M, Andres M, Sionis A, Martin A, Bastante T, Cordoba-Soriano
JG, Linares JA, Gonzalez Sucarrats S, Sanchez-Grande-Flecha A, Fabregat-Andres O, Perez B,
Escudier-Villa JM, Martin-Reyes R, Perez-Castellanos A, Rueda Sobella F, Cambeiro C,
Piqueras-Flores J, Vidal-Perez R, Bodi V, Garcia de la Villa B, Corbi-Pascua M, Biagioni C,
Mejia-Renteria HD, Feltes G, Barrabes J & investigators R (2016). Secondary forms of
Takotsubo cardiomyopathy: A whole different prognosis. Eur Heart J Acute Cardiovasc Care
5, 308-16.

Roffi M, Patrono C, Collet JP, Mueller C, Valgimigli M, Andreotti F, Bax JJ, Borger MA,
Brotons C, Chew DP, Gencer B, Hasenfuss G, Kjeldsen K, Lancellotti P, Landmesser U,
Mehilli J, Mukherjee D, Storey RF, Windecker S & Group ESCSD (2016). 2015 ESC Guidelines
for the management of acute coronary syndromes in patients presenting without
persistent ST-segment elevation: Task Force for the Management of Acute Coronary
Syndromes in Patients Presenting without Persistent ST-Segment Elevation of the
European Society of Cardiology (ESC). Eur Heart J 37, 267-315.

Ibanez B, James S, Agewall S, Antunes MJ, Bucciarelli-Ducci C, Bueno H, Caforio ALP, Crea F,
Goudevenos JA, Halvorsen S, Hindricks G, Kastrati A, Lenzen MJ, Prescott E, Roffi M,
Valgimigli M, Varenhorst C, Vranckx P, Widimsky P & Group ESCSD (2018). 2017 ESC
Guidelines for the management of acute myocardial infarction in patients presenting with
ST-segment elevation: The Task Force for the management of acute myocardial infarction
in patients presenting with ST-segment elevation of the European Society of Cardiology
(ESC). Eur Heart J 39, 119-177.

Medicine USNLo (2019). Randomized Evaluation of Beta Blocker and ACEI/ARB Treatment
in MINOCA Patients - MINOCA-BAT (MINOCA-BAT).
https://clinicaltrials.gov/ct2/show/NCT03686696?cond=MINOCA&draw=2&rank=1.

36



APPENDIX A

The CADOSA Data Collection Form

Coronary Angiogram Database of South Australia
CADOSA” Diagnostic Catheterisation and Percutaneous Coronary Intervention Registry

FACILITY™ 1
ocw [ oFme [ oumn [ oran | oTaEH
Patient in Follow-up Studf? @ O No O Yes
PART A: DEMOGRAPHICS
Sumarme 290;
First Name 201¢;
Middle Name 2020:
Medicare No ™% | 0 J__JL I J I 00| PaSentUR™:|_ I I J__ I J__ I
NA 326 5 Date of Birth 2%0: |_||___|dd |__JI__Jmm |_|I__1I__I__lyyyy OMOF
Ethnicitf: 0O Caucasian @ 0O Indigenous/Torres Strait Islander 2271 [ Asian 2072 0O Hispanic 273
0O African 374 0O Sub-Continent 3% 0O Other 29727 (specify)
PART B: EPISODE OF CARE and CHEST PAIN EVALUATION
Arrival to Cath Faciitf Date >0: |___||__|dd |__|l___Imm20]__||__|yyyy Time>o:|__||__Jhh:|__||__|mm24kr
O Emergency Department O Admissions Office O Cumrent In-patient
Faferrel Seurce 3%; O Transfer in From Other Acute Care Fadiity
Pafer for Episode of Care %20 O Prvate Health Insurance O Medicare Only O Veteran Gold Card O Other
iief O Seif QO SAAS O Ar Ambulance O MedSTAR
Vrermpet b Cuth e O Inter-hospital transfer - Air O Inter-hospital transfer — road
THE FOLLOWING QUESTIONS RELATE TO THE CHEST PAIN SYMPTOMS PROMPTING THIS
DIAGNOSTIC CATHERTERISATION
Chest Pain P g this Diags Cath 24: O No O Yes O Unknown — If yes, complete below
Location of Chest Pain- 0 Ana O B
(chack all that appif)

Op»e [pEse
OGee [Hwe
O Ok
OMws [ Neos
Opxsr  [gpe
O] Unknown=®

5

J
Qualitf of Chest Pain: 0O Buming *»®' ] Squeezing *= [] Tightness 2% ] Sharp 2% Heavy %= [] Other 0%, 3087

O Unknown
Preciitati . O Exertion ** O Meals *™ O Emotional Stress *™' O Cold Weather >*# O Nocturmnal *7*
F 0O Lying Down %74 O Pleuritic 3™ O Only at Rest 3¢ g Other %77, o7 0O Unknown 7%
. 0O Rest *% ] Nitrates (<5 mins) **®' O Nitrates (> 5 mins) **= O Antacids *®*
9 O Other 304 308 O Unknown ¢

0O Tachypnea ®#' O Rapid Palptations 3= [ Pre-syncope/syncope 3¢ ) Post-pain fatigue 3%
Associated Sfmptoms: 0O Nausea'vomiting 3#' [ Sweating ¥%2 [] Chest Wall Tendemess 3=
O Other 304, 3088 0O None 3@t ] Dyspnea ¢ ] Unknown e

O < 15seconds O > 15 seconds < 15 minutes  O> 15 minutes < 30 minutes O > 30 minutes < 60 minutes
O >60minutes <2hours O >2hours <6hours O > 6 hours € 12hours O > 12 hours O Unknown

To pical Duration 3%

CADCSA Data Form Version 3.0 - Data elements based on the Amanican College of Cardiology Foundation’s NCOR® CathPCl Registry® 108
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APPENDIX A (CONTINUED)

Coronary Angiogram Database of South Australia
C: and Coronary Registry

CADOSA®P

CADOSA®P e oty Inomsontin Registry

PART D: CATH LAB VISIT (Complete for each cath Iab visit)

PART C: HISTORY and RISK FACTORS  ARRIVAL TO CATH FACILITY)

‘Smoking Historf 4<0; Pack Yoars 40! (Note 1) Height ©%5; LI Jl_Jen Ounk
Current o] Weigh 40%0; |_JL_Jl__lkgem O Unk
Recent (<oneyear) O LI Currentlf on dislfsis % ONo OYes OUnk
Former o Cerebrovascular Disease “™; ONo OYes OUnk
No Smoking History O Peripheral Arterial Disease 4™ ONo OYes OUnk
Unknown o Disbetes Mellitus <5: ONo OYes O Unk— Ifyes,

Hfpertension +¢=; ONo O Yes OUnk | Diabetes Dingrosed this Admission «xe: ONo OYes OUnk— Ifyes,

Dfslipidernia +10: ONo OYes OUnk | Disbetes Therapf 4%: O None O Diet O Oral O Insuiin O Other O Unk

Family Hx of Promature CAD 415; ONo OYes OUnk | AF/Fluter 41: ONo OYes OUnk— Ifyes,

Prior MI 930 ONo OYes OUnk | AF/Flutter Diagnosed this Admission«=: ONo O Yes O Unk

Prior Heart Failure 425 ONo OYes OUnk | Other Diagnosis:

Prior Valve SurgeryProcedurs 403; ONo OYes OUnk | Depression 434 O No O Yes O Unk

Prior Angiogram 40! ONo OYes OUnk | Chronic Lung Disease 4% O No O Yes O Unk
— If yes, Most Recent Angiogram Date 432; Asthma 458 O No O Yes O Unk
LJl_Jod|_J__Imm|_Il__JL_IL__lyyyy OUnk | Sieep Apnea «57 O No O Yes O Unk

Prior PC “; ONo OYes OUnk | Cancer ‘¢ O No O Yes O Unk

— If yes, Most Recent PCI Date 440:
L_JL_tad |__JI__lmm |__JI__JL_JL lyyyy O Unk
Prior CABG 445; ONo O Yes OUnk
— If yes, Most Recent CABG Date +4;
L_JL_tad|__II__lmen |__J__JL_JL lyyyy O Unk
PRE-ADMISSION (INDICATE ALL ON ARRIVAL TO CATH FACILITY) _ (Addional Mecscation Page Asached 1)
Cardiovascular Medications. No | Cument [ New | Unk | Generic Name «+: [ Dose «szarma: | Freq, e
Ani-platelet agents +: o| o o o
Second Anti-platelet agent «11:
Injectable Ant-coagulants -
Oral An-coagulants 4:33;
Stafin 4104;
Non-Stain Lipid Lowering Agent +:23;
ACE Inhibitor #1c¢:
Anglotensin Receptor Blocker +/c7:
‘Calcium Channel Blocker 41¢:
Beta Blocker #1%%:
Long-Acting Niate/Anti Angina Agent *!1°:
Other Medications #: O No O Yes O Unknown — If fes, complete below
[ Tfpe =" Generic Name *1%:
O Cardiovascular O Non-Cardiovascular
O Cardiovascular O Non-Cardiovascular
O Cardiovascular O Non-Cardiovascular
O Cardiovascular O Non-Cardiovascular
O Cardiovascular O Non-Cardiovascular
O Cardiovascular O Non-Cardiovascular
O Cardiovascular O Non-Cardiovascular
O Cardiovascular O Non-Cardiovascular
O Cardiovascular O Non-Cardiovascular

0000000000
0000000 O0O0O0
0000000 O0O0O0
0000 O0OO0O0O0O0O0

| Dose =% | Freg | e Clazs 1%,

Note 1: Pack Years < = (number cigaroties smoked per day X number of years smaked)20
Example: Patient has smoked 15 cigaretios a day for 40 years, Pack Years = (15 x 40)20 = 30
H needsd, record hare number of cigareties per day ‘and number of years smaked

CADOSA Data Form Version 3.0 - Data alements based on the American College of Cardilogy Foundation'’s NCOR® CathPCI Registy® 2018

CLINICAL EVAULATION LEADING TO PROCEDURE (to completed by Physician)

ON noangna O uniikely to be ischaemic O Stable Angina
oesdure O Unstable Angina O Non-STEMI (NSTEMI) O STEMI
Otherindications:  Cardiomfopathf or LVSD %%0: ONo  OYes
Pre-Op ion before cardi jerf S8 ONo OYes

OIOther#%. 557 —» i yes, Indicate:

Cardiac amrest %% ONo O Yes QO Unk  —Iffes, Cardiac amest wiin 24hrs *%%: O No O Yes O Unk

Cardiogenic Shock wiin 24 hours *®*- O No O Yes O Unk Out of hospital cardiac arrest **: O No O Yes O Unk

Angina Classification wiin 2 weeks *3*: O No Sfmptoms O CCSC| ocecscil occsci OCCSCV - OUnk
Heart Failure wiin 2 weeks %04 ONo OYes OUnk

— If yes, NYHA Class wiin 2 weeks **4: ONYHAI ONYHAlI ONYHAIII ONYHAIV  OUnk

GRACE Risk Score At Admission: (For ACS only, Procedure Indicaion = Unstable Angina, NSTEMI or STEMI)

Age s |___||_I||__|fesrs HeartRate 7 |_||_||_|bpm SfswiicBP 7 |_||_||_| mmHg
Cardiac Arest °7* ONo O Yes O Unk ST.segment deviation ™ ONo O Yes O Unk
Creatinine Pre Procedure %77: |__| |__| |__| umollL. Blevated Cardiac Markers ™ ONo O Yes O Unk

Kilip Class %95 Ol CHF) Ol (rales andior VD) O Il (puimonary odema) O IV (cardiogenic shock) O Unk
Stress or Imaging Studies Performed *1%0 win last 8 montha). O No O Yes O Unknown = If yes, speciff test performed:
Test Performed No Yes Unk Result Risk/Extent of ischaemia
Test o041, 222 (wio imaging): © o o fe2. | Oindeterminate O Unavadable O High O Unavailable
Stress Echocardiogram 21051213:| O O | O —~lifes, 8:::’_ gp“i" gz g"‘”""“"
Stress Testing wiSPECT MPI . O Negative O Posiive Olow O Intemedinte
iy O | O |O —¥fer | §inderemninate O Unavadable O High © Unavailable
Stress Testing wiCMR 0| 0 |0 ~ifes, | ONesie O Posiive OlLow O Intermediste
m0sn . “* | Olndeterminate O Unavaiable O High O Unavailable
e ARG -

PROCEDURE INFORMATION
Procedure Date % |__||__Jad|__J|__|mm|__Jl__Il__|l__lyyyy | Procedure Time®= |_ || Joh|__Il_lmm 24k
Disgnostic Cath=%:  ONoOYes  PCI®™% ONoOYes  Able toimage coronarf arteries 211 O No O Yes

Fluoro Time/Dose 5321522 Time:|__||__||__||__| mins ORDose: |__|J|__JI__JI__Jl__|cGycm2 Contrast Vol =24 __||__|__|ml
Other Procedure (in conj with Dx Cath/PC1) 2 O No O Yes O Unk — If fes,

Doppler *31: ONoOYesOUnk | FFR®1: ONoOYesOUnk | = IfFFR Yes,
Pressure Wire 17 ©ONo O Yes O Unk 1 2 3
VUs 21 ONo O Yes O Unk = FFR Ratio = S A B I}

OCT 532: O No O Yes O Unk
Spasm Provocation 5% O No O Yes O Unk

-+ Segment Number Tice:

MECHANICAL VENTRICULAR SUPPORT
ABP=%: O No O Yes O Unknown

= lf fez, Timing 3% O In place at start of procedure O Inserted during procedure and prior to PCI O Inserted after PCI has began O Unk
Other mechanical ventricular support*>€: © No O Yes O Unknown

= If fez, Timing 34: O In place at start of procedure O Inserted during procedure and prior to PCI O Inserted after PCI has began O Unk

dlology Foundation’s M

n3.0 Data slements based on the American College of R CathPCI Registy® 3ot8

CADOSA®P e o Rogistry

CADOSA®P B e Registry

E. DIAGNOSTIC CATHETERISATION PROCEDURE (COMPLETE FOR EACH DIAGNOSTIC CATH)

‘Supervising Consultant Name 5550 ;

Primarf Operator Name /0

Left Heart Cath =5 ONoOYes Right Heart Cath % ONoOYes

~ If Right Cath Yes, Mean RA Pressure 27 |_||__||__| mm#g Mean PCW Pressure &% |__||__||__| mmg

Mean PA Pressure 2 |_||__||__| mmig Diastolic Arterial BP &' |_||__||__| meHg
Systolic RV pressure ® |_|J|__|J|__|mmHg  Systolic Anterial BP &2 |__||__||__| mmHg
Cardiac Transplantation Evaluation %3¢: ONoQYes

— If yes, Tfpe &% O Denor for cardiac transpiant O Candidate to receive cardiac transplant O Pest cardiac transplant follow-up

ARTERIAL ACCESS:

FEMORAL

Right $3%0: O Successful O Unsuccessful O Not Attempted O Manusl Prezz O Device — Dovica Name £33 O Other O NiA O Unk
Left =51 O Successhul O Unsuccessfil O Not Astempted O Manual Prezs O Device — Dovice Name 3% O Other O NIA O Unk
BRACHIAL

Right ##2: O Successful O Unsuccesziul O Not Attempted O Manusl Press O Device — Device Namo *3%2 O Other O NiA O Unk
Left ™ O Successiul O Unsuccessiul O Not Atiempted O Manusl Press O Device — Devics Name *%% O Other O NIA O Unk
RADIAL

Right %4 O Successiul O Unsuccesziil O Not Astempted O Manual Prezs O Device — Dovice Name 3% O Other O NIA O Unk
Left 5. O Successhul O Unsuccessiil O Not Astempted O Manual Prezs O Device — Dovics Name 3% O Other O NIA O Unk
COMPLETE ¥ NSTEMUSTEMI Onif A 2o
1 NSTEMUSTEML, Pain Onset  Date *<0: |__||__Jdd |__||__Imm 20|__J|__lyyyy Time*®':|__J|__h:|__|L_lmm 24n ona
I NSTEMI, Hospltal Amival  Daste *«2: |__||__jdd |__||__Imm 20|__JI__lyyyy Time *=|__|__h:|__||__mm 24n Ona
If STEMI, Reperfusion Strategf *: O Thrombolysis O PCI— Primary PCl %* O Yes O No O Thrombolysis and PCI O None
If STEMI, First Medical Contact **: O Non-Cath Fadiity O SAAs O Cath Facility

I STEMI First Medical Contact is Non-Cath Faciiitf

Arivalto Non-Cath Facllty  Date 00:__||__|dd |__||__|mm20|__||__lffff Time 5ot |__|I__Jhn:|__|I__Imm2ene |ONA
First ECG at Non-Cath Facity  Date 30%|__||__Jdd |__|I__lmm20]__I|__If#ff Time 53 |__JI__Iwh:|__Il__lmm2sne |ONA
Py Dase Se)__a¢|__IL__oen20_IL_fff Teme % L__IL_r: Il 20n0 | O
Thrombolf i Therapf at Non-Cath Facilitf 54'¢: ONoO Yes

~tfe: Dt S0n__I|_ldd|__I|__m20|__II__If44 Teme 000 |__I|__Jph:|__I|__lwm2¢re  [ONA

If STEMI First Medical Contact is SAAS —

SARS Arivai Date 50| _[|_Jdd |__IL__lom 20L_II__Iffff Teme 5€1: |__IL_Ipn: |__II__Jmmzene ONA
FistECG (SAAS) Date se|_[|_Jéd |__IL_lom 201_IL__iffff Teme 53 |__IL_Ipn: |__II__lmm2ene  ONA
Disgnostic ECG (SAAS)  Date 64|_I|__Jdd |__II__lm20l__IL__Iffff Teme 3<% |__II__Iwh:|_Il__lmmasne |ONA

Diagnostic Cath Status ©40: OElectve OUrgent O Emergency O Savage
F. (COMPLETE LAB VISIT)
BEST ESTIMATE OF CORONARY ANATOMY
Dominance 190 Oleft O Right © Co-dominant © Unknown
Percent Stenosiz in = 2mm vessels Percent Stenosziz
Left Main |__Jl__Jl__| %eme O NetAvailsbie #'1t
ProxlAD |l %e=e O NetAvailsbie 2! L JL_Jl__| %m0 O NotAusisbie®"

Mid/Distal LAD, Diag Branches I I_JI__| %= O Not Available *3' L_I_Jl__| %*# O NotAusisbie ot

Circ, OMs, LPDA, LPL Branches || %ee O Not Available #141 |__| %#1%0 O Not Avsilable 8131

RCA, RPDA, RPL, AM Branches | %xe O Not Available #51 |_Jl__Jl__| %=msc O NotAvsicble =
Ramus I Jl__| %" O NotAvaisbie ' LJl_Jl__| %=* O NotArsisbie ="
Aberant |__Jl__| %®e O NetAvaiiabic *res L Jl__Jl__| e O NotAusisble =%
Other Disease Findings *%: © No CAD (smooth) © Minor plaques <50% O Small Vessel CAD 2 50% O None

Extent of Coronarf Disease ®*: ONoCAD O 1VesselDisease O 2VesselDisease O 3 Vessel Disease
—> f2VDor3VD LeftMain®=*: O No O Yes

If STEMI First Medical Contact is Cath Faciitf ~

Cath Faciief Arrval Date 500 _[|_|éd |_I|__mm 20L__IL_If4ff Teme 50" |__IL__Ipn:|_Il__lom2ene |[ONA
FrstECG atCamFaclly  Date 502 _[|_Jd|_I|__ e 20L__IL__Iffff Teme 50 |_JL__Ipin:|_Il__lom2ene [ONA
DApOMCECO MO oate sese)__||__Jda |__II__lmem 20]__JL__Iffff Teme se%: |__II__ bz |__II__lomasne  ONA

If STEMI — (COMPLETE FOR ALL PRIMARY PClz)

Procedure Team On Sites«c: O No O Yes

Cath Faciif Arival Date st _[|__Jod |__IL_lrom 20L_I|_Iffff Time 54 |__I_Ipin: |_II__Jmmzene [ONA
Disgnestic ECG Date 54| [|__Jdd |__IL_lom 20L_IL_Iffff Time 54 |__IL_Ipi: |__Il__lm2ene  [ONA
Code Activated Date 5| __[|__Jod |__IL_lrom 201_I1__Iffff Teme swt: |__IL__Ipin: |__II__lrm2ene [ONA

— Indicate source of Code Activation 5447: O SAAS O CathFadlty O Code NotActvated O Other

Cath Lab Amival Date 34e|_||__Jdd |__II__lom20l__IL__Hfff Tome > |__IL__Ibn:|__Il__Jmm2ene  [ONA
Wire Across Date s40_||__Jdd |__II__Irom20|__IL__lffff Temeser: |__IL_Ibn:|_Il__lmm2ene  [ONA
1% Device Actvation Date s452:|__||__Jdd |__||__Jmm20]__|l__I#fff Time 4= |__||__Jrn:|__Jl__Jmmzene  [ONA

Principal Cardiac Diagnoses:

Atherosclerotic CAD ©9%; ONoOYes  Congenital Heart Disease 0% ONoQYes
Slow Flow *1: ONoQOYes 1° Pulmonarf Hf pertension 5X9; ONoQYes
Variant Angina ©%; ONoQYes Mocarditis 1°: ONoOYes
Takotsubo *°; ONoQYes Pericarditis ='': ONoQOYes
Muscle Bridge £30¢: ONoOYes | Microvascular Disease S13: ONoOYes
Cardiomfopathf ©05: ONoQYes Spasm &1 ONo O Yes
Valvular Heart Disease 0% ONoOYes

Spontaneous Coronarf Dissection 57: ONoQYes

Other &215: ONoOYes ~ Ifyes, Indicatese:

Rx Recommendsation 4 ONone O Medical therapy and/or counseling O PCl wio planned CABG

(sfeer diagnostic cath) OCABG fbei O Other cardiac therapy without CABG or PCI

CADOSA Data Form - Version 3.0 Data elements based on the Amarican College of Cardology Foundation's NCOR® CathPCI Registy® 4ot8

Noto 2: CABG Date™™ must be less than or equal to Procedure Date/Time™ ™" or Prior CABG*** = “Yes” to complets these elements

CADOSA Data Form - Viersion 3.0 Data elements based on the American Collage of Cardlology Foundation's NCOR® CathPCI Registy® 5ot8




APPENDIX A (CONTINUED)

C " 1 s} b
Y‘ Lt}
Py

and P

Datah

of South A
[ y Intervention Registry

CADOSA®P CADOSA®P Coronary Antiorr

G. PCI PROCEDURE (COMPLETE FOR EACH CATH LAB VISIT IN WHICH A PCI WAS ATTEMPTED OR PERFORMED) PART H. LESIONS AND DEVICES (COMPLETE FOR EACH PC! ATTEMPTED OR PERFOMRED)
Supervising Consultant Name 1%0; Lesion Counter 770: 1 2z
Primarg Operator Name 710 =+ Intracoronarf Devices (continued)
PCI Status 2% OEleaive O O Emergency O Savage Devices |Mmeoronerf DevieUsed 72 | P cETfee | cee !
PrefCILVEF ™ | || g npm.pc|LVEFNgu:;",¢¢m Cardiogenic Shock at start of PC] 703 ONo O Yes Devica Dismatar 7246; e i
Device Length 740: JL_i__Imm Ll_IL_Imm
PCl Indicaion 7% O Immediate PCI for STEMI O PCl for STEMI (Unssable, >12 hrs fom Sx onset) Intracoronarf Device Used728: | _ 0 e&Tfpe [ D \ foe
O PCl for STEMI (Stable, >12hrs fom sxonzet) O PCl for STEMI y. N Dﬂhﬂiﬂﬂ:’;”‘ - L Jl_1mm I I .
O Rescue PCI for STEMI (after failed full-doze ifticz) O PCI for high risk NSTEMI or unstable angina IWM;:ET&“ = I—"—Al,l_—_'m = Lt
O Staged PCI O Other Significant Dissection 72 O No O Yes Perforation 7%: O No O Yes No Re-fow 722%: O No O Yes
I Immediate PCI for STEMI: PARTL MEDI FOR EACH CATH LAB VISIT)
Non-sfstem reason for Delaf in PCI 7°%; TO AND DURING
O Difficult vascular access O Cardiac arest andior need for intubation before PCI Categorf Medication % Adrministered %10 Route %11
O Patient delays in providing consent for procedure O Difficulty crossing the culprit lesion during the PCI procedure Ancongulants Low Molecular Weight Heparin (anf) | O No O Yes O Contraindicated O Binded | OV OIC O Other|
O Other O None Unfractionsted Heparin (anf) ONoQYes O Contraindicated OBfinded | OV OIC O Other]
PART H. LESIONS AND DEVICES (COMPLETE FOR EACH PCI ATTEMPTED OR PERFOMRED) Asgidn Aspiin (anf) ONoOYes O Contmindicated OQBlinded | OW  OIC O Other|
Lesion Counter 7' 3 2z Bivalrudin ONoQYes O Contraindicated OBfinded | OV OIC O Other]
Segment Number(z) 7755 e e zi;ammbmmm Dimﬁm;nlmbh(m:r) ONoQYes O Contraindicated OBinded | O OIC O Other]
o 8000 coprotein liblia Inhiitors | GP Iib/lia (anf) ONoQYes O Contraindicated OBfinded | OV OIC O Other]
Zﬁwmﬂiv’fmﬂmm* ONo O Yes O Unknoun ONo O Yes O Unknoun iencofr @{;{1 ONoQYe: O Contrandicated O Bimded | O OIC O Other|
— - Other Agents cerfl Trinitrate ONoOYes O Contraindicated OBinded | OV OIC O Other]
Stenosis immediatelf Prior to Rx 7% | | 3 1% hs Adenosine ONoOYes O Contraindicated OBlinded | O OIC O Other|
= If 100%, Chronic Total Occulsion "'22: ONoOYes ONoOYes Verapamil ONoO Yes O Controindicated O Blinded | ON' OIC O Other
- If 40-70%, IVUS 7135 ONoOYes ONo O Yes Atropine ONoOYes O Contraindicated OBinded | O OIC O Other
- If40-70%, FFR 7'0; ONoOYes ONoOYes Acamine ONoQYes O Contraindicated O Binded [ OV OIC O Other
= If Yes, FFR Ratio 713 T | ] Inctropes ONoOYes O Contraindicated O Binded | OV OIC O Other
Pre-procedure TIMI Flow '4; 00 01 02 03 00 01 02 03 Ticagrelor ONoQYes O Contraindicated OBfinded | OV OIC O Other]
Previouslf Treated Lesion "14%: ONoOYes ONo O Yes Prasugrel ONoQYes O Contraindicated OBfinded | OV OIC O Other]
= 1f Yes, Time Frame /1% O < 1month O 1-6 monthz O 6-12 monthz| O < Imonth O 1-6 months O 6-12 months PART J. LABS (COMPLETE FOR EACH CATH LAB VISTT)
O 1-2fears O >2fears OUnknown | O 1-2fears O >2fears O Unknown Pre-Procedure (performed at your facility) Post-Procedure (post procedure only)
= If Yes, Treated with Stent 7155 ONoOYes ONo O Yes CKMB™®  ____ ugll [ CKMBNotApplicsble™ | CKMB™S___ _ ugll [ CKMB NotApplicable™  Pask valus 624 hve
< I Yes, in-Stunt Rustuncsis 116 ONoOYes ONoOYes 0 CK-M8 Orawn & Normaf™= 0 CK-MB Drarwn & Noema™s1
In-Stent Thrombosis 71%%: ONo O Yes ONo O Yes Troponin T7310 g/l 0 Not Drars Troponin T75 gL O Not Draarns Poak vae 624 hes
Stent Tfpe /'7%: O DES O Non-DES O Unknown O DES O Non-DES O Unknown T T O TeT drawn & Normal B T T OTnT drawn & Nommal M7
Lesion in Graft 7'75: O Notin Grat O Vein O LIMA O Other | O Notin Graft O Vein O LIMA O Other Cretining™® ____ umollL 0 Nt Drawro Cremtinin?™ ___ umollL 0 Nt Drawmnes proree—
= If Vein, LIMA or Other, Location in Gra %20: O Aorsc O Bodf O Distal O Aoric O Bodf O Distal - .
Lesion Cormpleitf ™. O Non tighiNon.C O HighC © Non HighNon.C. © High'C Haemoglobin™® gL []Not Drown™® Haemogiobin’™® g/ Not Draan™® Lowest within 72 hes
Lesion Length (mm) 7: _Jl__lmm __J_Imm PART K. INTRA and POST-PROCEDURE EVENTS (COMPLETE FOR EACH CATH LAB VISIT)
Thrombus Present 11%: ONoOYes ONoOYes Mfocardial Infarcsion %2 (Positive Biomarkers) ONo O Yes | Bleeding Event wiin 72 Hours %5%; ONo O Yes
Bifurcation Lesion 722; ONo O Yes ONo O Yes Cardiogenic Shock 5; ONoQYes == If Yes, Bleeding at Access Site 9%5; ONoQYes
Guidewire Across Lesion 7205 ONo O Yes ONoQYes Heart Faiure 510; ONoQYes = If Yes, Haematoma at Access Site 0% ONoQYes
= If Yez, Stenosis Post-Procedure /2%; 1% 1% CVA/Stroke #15: ONo O Yes = Yes, Size ¥81: O <3cm O 3-6cm O >5<10cm O > 10em
= If Yez, Postprocedure TIMI Flow 7214 00 01 02 03 00 01 02 03 - If Yes, Haemorrhagic Stroke %20; ONoQYes « If Yes, Retroperitoneal Bleeding *7%: ONo O Yes
= If Yes, Device(s) Deplofed 722: ONo O Yes ONo O Yes Tamponade #635: QONoQ Yes - If Yes, Gl Bleed %002 ONoQ Yes
= If Device Deployed Yes, New Requirement for Dialf sis 2092 ONoQ Yes = If Yes, GU Bleed #: ONo QO Yes
Intracoronarf Device Used 735: Device Name & T Device Name & Tpe Other Vascular Complications Requiring R 5% ONoQOYes = lfYes, Other Bieed 1; ONo O Yes
Device Device Diameter /2% - __lmm - J_lmm RBC/Whole Blood Transfusion ®4¢; ONoQ Yes Bieeding Status *: (At §me of Discharge from Cath Facility)
Device Length 7240: L J_Jl__lmm L Jl__lmm = If Yes, Hgb Prior to Transfusion $041: J—"T Tfpe0 O Tfpe 10 Tfpe20O Tfpe3O Tfped O Tpe 60O
Intracoronarf Device Used 7235: De «/ Device Namme & Tfpe Atrial Fibriiation 5% ONo O Yes  Mechanical Support 35 ONo O Yes
Device Device Diameter ™2*; 1. Jl__Jmm 1. | mm VTach/VFib &210; ONo QO Yes Contrast Allergf 230: ONo O Yes
Device Length 726: L L lmm Ll mm Cardiac Arrest 5 ONo QO Yes  Cholesterol Emboli % ONo O Yes
Defibrillation &% ONoQ Yes

SA Data Form 3.0 Data elements basec

he Amarican Collage of Cardlology Foundation's NCOR® CathPCl Registy® 6o CADOSA

rican Colage

s NCOR® CathPC! Regiaty®

CADOSA®P Ve Catmontasio s Parcunors Cormary ervandon
ry Registry
PART L. DISCHARGE (COMPLETE THIS SECTION FOR EACH EPISODE OF
CABG %% ONo O Yes
- If Yes, CABG Status 005 O Elective QOuUrgent O Emergency O Salvage

= If Yes, CABG Indication %0%: O PCI complication O PCl failure without clinical deterioration

© Treatment of CAD without PCl immediately preceding CABG O PCICABG hfbrid procedure

= If Yes, Procedure Location %*; O Atthis faciity O Transferred to other fadiity

= If At this facility, CABG Date/Time %020, 9321 - I _Jed __JI__Jmen20]___J|___Iffff |_Il__Jhh:|__Jl___lmm 2¢he

Other Masjor Surgerf %% ONo O Yes
LVEF %0 1% [ LVEF Not Assessed 501
Participant in Clinical Trial 52 ONo O Yes O Unknown
Discharge Date %% |—Jl__Jad |_JI___lmm20]___|I___Iffff
Discharge Status %40 O Alive O Deceased

= If Alive, Discharge Location %45 O Home O Other acute care hospital O Hospice O Nursing Home

O Extended care/TCUlrehab O Left against medical advice O Other

= If Alive, Cardiac Rehabilitation Referral %5: ONo OYes O Ineligible © Unknown

= If Alive, Smoking Counseling 5; ONo O Yes

= If Deceased, Death in Cath Lab % ONo OYes

= If Deceased, Primarf Cause of Death %40; O Cardiac © Neurologic ORenal O Vascular O Infection

O Valvular © Pulmonary O Unknown QO Other
Hospital Status %65 O Outpatient O Outpatient converted to inpatient O Inpatient
[ FOREACH RE) o

C No | Yes | Contra | Unk | Generic Name wee: [ Does %267 926 | Frmq. wes:
Anti-platelet agents 975; o] o c o]
Second Ank-plstelet agent %7¢: o| o ) (s}
Injectable Anti-coagutants 977; o| o o [}
Oral Anti-coaguiants 9478 o] o ] (o]
Stalin 2079; o el c o
Non-Stain Lipid Lowering Agent ¢0; o [o} c o
ACE Inhibitor 901: o] o ] o]
Angiotensin Receptor Blocker e: o| o ) [}
Calcium Channel Blocker %: o| o o o
Beta Blocker 0084: c o C o
Long-Acting Nirata/Antl Angina Ageat @%5: | © | O o o
Other Medications #47: O No O Yes O Unknown — I fes, complete below
[ Tfpe *e: ic Name [Dose #89%1; | Freq. % [ Therapeusic Class o= |

O Cardiovascular O Non-Cardiovascular
O Cardiovascular O Non-Cardiovascular
O Cardiovascular O Non-Cardiovascular
O Cardiovascular O Non-Cardiovascular
O Cardiovascular O Non-Cardiovascular
O Cardiovascular O Non-Cardiovascular
O Cardiovascular O Non-Cardiovascular
O Cardiovascular O Non-Cardiovascular
O Cardiovascular O Non-Cardiovascular
O Cardiovascular O Non-Cardiovascular
RECORD COMPLETE 9#s[_|

CADOSA Data Form =V
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APPENDIX B

Style Guidelines for The European Heart Journal

Author guidelines can be found via: https://academic.oup.com/eurheartj/pages/General Instructions

Word Count

All submitted manuscripts must not exceed 5000 words (or for Current Opinions 2500 words,
Editorials 1500 words and Correspondence 500 words), including tables, figure legends, and
references. The number of tables and figures should be appropriate to the manuscript content and
should not be excessive in number.

Style and
Spelling

Oxford English spelling should be used. Authors whose first language is not English are requested to
have their manuscripts checked carefully before submission. This will greatly help expedite the review
process by helping to ensure that the academic content of the paper is fully understood by journal
editors and reviewers. There are many specialist language editing companies that offer editing services
and you can use any of these. Authors are liable for all costs associated with such services.

Abbreviations

Standard SI units of measurement should only be used.

Sections of
the
manuscript

Clinical and Basic Science papers should be divided into the following sections: (1) Title page, (2)
Abstract and Keywords, (3) Translational Perspective (translational aspects; applicable only for Basic
Science papers), (4) Introduction, (5) Methods, (6) Results, (7) Discussion, (8) Acknowledgements, (9)
References, (10) Figure legends, (11) Appendices, (12) Text tables, (13) Figures, and (14)
Supplementary files (if any).

General
format

Prepare the manuscript text using a Word processing package (save in .doc format). Submission of PDF
text files is not permitted. Manuscripts should be double-spaced, including text, tables, legends, and
references. Each page should be consecutively numbered and all pages must contain line numbers that
restart at each page . Please avoid footnotes; use instead, and as sparingly as possible, parentheses
within brackets. Enter text in the style and order of the journal. Type references in the correct order and
style of the journal (see Reference Format below). Type unjustified, without hyphenation, except for
compound words, and type headings in the style of the journal. Use the TAB key once for paragraph
indents. Where possible, use Times New Roman for the text font and Symbol for the Greek and special
characters. Use the word processing formatting features to indicate Bold, Italic, Greek, Maths,
Superscript, and Subscript characters. Clearly identify unusual symbols and Greek letters. Differentiate
between the letter “O” and zero, and the letter “I” and the number 1. Mark the approximate position of
each figure and table. Check the final copy of your paper carefully since any spelling errors may be
retained in a typeset version.

Title page

The title page should include the following: (1) the title, (2) the name(s) of authors, (3) the institution(s)
where the work was performed, (4) the position, institution, and location of all authors, (5) the
telephone number, fax number, and e-mail address of the corresponding author, (6) the institutional
affiliations of the authors (including corporate appointments) should be acknowledged in a footnote.

Abstract

All abstracts must be restricted in length to 250 words and should also be submitted as a separate file
(for administrative purposes only). The abstract should be formatted with the following headings: (1)
Aims, (2) Methods and Results, (3) Conclusion, (4) Keywords. A maximum of six keywords may be
submitted.

Tables

Tables should be typed with double spacing, but minimizing redundant space, and each table should be
uploaded as a separate file. Wherever possible, tables should be submitted in portrait - as opposed to
landscape - layout. Each table should be numbered in sequence using Arabic numerals. Tables should
also have a title above and an explanatory footnote below.

Figures

Figures should be limited to the number necessary for clarity and must not duplicate data given in
tables or in the text. Standard submissions should have no more than 8 total figures and tables. Any
number exceeding this should be designated as supplementary online-only material. They must be
suitable for high quality reproduction and should be submitted in the desired final printed size so that
reduction can be avoided. Figures should be no larger than 125 (height) x 180 (width) mm (5 x 7
inches) and should be submitted under the respective header (“Figure”) and in files separates from that
of the main manuscript.
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