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1. INTRODUCTION 

1.1. STUDY BACKGROUND 

COVID-19 represents the most significant threat to human health in modern 
times. Cardiovascular complications are common and potentially life-
threatening, particularly in patients with a prior history of cardiovascular 
disease and hypertension. Cardiac toxicity manifests as abnormalities on the 
12-lead electrocardiogram (ECG), elevation in circulating troponin secondary to 
myocardial infarction (MI) / injury, myocarditis (myocardial inflammation) and 
left/ right ventricular dysfunction. Critically, some patients experience acute ST-
segment elevation that manifests clinically as acute MI, but may in fact reflect 
myocarditis (myocardial inflammation), secondary to viral infection, ischaemia 
or acute (stress) cardiomyopathy. Cardiac pathology points to coronary 
endothelial damage and thrombotic microvascular angiopathy implying 
potential systemic tropism for other organs such as the kidney. Cardiovascular 
dysfunction may be secondary to hypoxia, hypotension and inflammation, or, 
importantly, through direct virus invasion of injured endothelial cells leading to 
microvascular dysfunction, vasospasm and acute myocardial ischaemia. The 
angiotensin converting enzyme 2 (ACE2) transmembrane receptor, which 
normally has protective effects on the cardiovascular system, is, 
counterintuitively, the receptor which mediates virus transmission in human 
cells, including in the cardiovascular system. 

1.2. STUDY OBJECTIVES 

• To assess the incidence, nature and time-course of cardiac involvement 
in patients with COVID-19 

• To determine whether patients with pre-existing cardiovascular disease 
are at increased risk following COVID-19 

• To determine whether there are associations between cardio-pulmonary 
imaging findings and biomarkers of CV injury (troponin I, NTproBNP, 
sACE2, vWF, thrombotic microangiopathy), viral load and inflammation 
(CRP, IL-6). 

The primary outcome is Myocarditis/Myocardial Inflammation. This will be 
determined by consensus based diagnosis by an adjudication panel of 3 or more 
cardiologists. The primary outcome is determined based on all available 
information including the CMR scan. The diagnosis and certainty is assessed 
before and after disclosure of the CMR results. 

The secondary outcomes will be 1) the endotype for the myocardial injury, 
including myocardial infarction type according to the 4th Universal Definition of 
MI and myocarditis (myocardial inflammation, ischaemia or stress 
cardiomyopathy) and 2) hyperaemic myocardial blood flow by MRI. Myocardial 
blood flow is reported as a continuous measure (ml/min/g), in categorical terms 
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(normal/abnormal), and by endotype (normal, microvascular dysfunction, 
coronary artery disease, or microvascular dysfunction + coronary artery 
disease). Hyperaemic myocardial blood flow will be available in the population 
of patients undergoing stress perfusion MRI with intravenous adenosine. 

Other exploratory outcomes will involve biobank tissue samples for biomedical 
research, computational modelling using de-identified imaging scans and linked 
clinical data, electrocardiography and renal imaging. These will not be included 
in initial analyses, but will be the subject of later analyses, using similar analysis 
approaches to those outlined in this SAP. 

1.3. STUDY DESIGN 

Observational cardiovascular imaging and biomarker study. 

1.4. SAMPLE SIZE AND POWER 

The Trial Summary section of the current protocol includes the following text: 

“160 participants to have completed CT / MRI scans at 28-60 days post 
discharge - plus 20 age/sex matched controls.” 

Section 4.14 of the current protocol states: 

“To detect an association between pre-existing cardiac problems and the 
incidence of myocarditis (myocardial inflammation), an endotype of 
myocardial injury, at 2-4 weeks we have assumed 25% of patients with 
prior cardiovascular disease and the incidence of myocarditis in those 
with/without prior cardiac problems will be 33% and 10%, respectively. 
To have 80% power to detect this difference will require 140 participants 
(35 with cardiac problems, 105 without) to be scanned. We aim for 160 
patients to attend the imaging visit, anticipating that 10-15% of the 
participants may have incomplete imaging data due to technical reasons 
e.g. imaging artefact or claustrophobia.” 

1.5. STUDY POPULATION 

Patients with confirmed COVID-19. 

1.6. STATISTICAL ANALYSIS PLAN (SAP) 

1.6.1. SAP OBJECTIVES 

The objective of this SAP is to describe the statistical analyses to be carried out 
for the CISCO-19 Study, up to Visit 2, with particular focus on the primary and 
secondary outcomes of the study. Additional outcomes (exploratory outcomes 
and outcomes measured at or beyond 12 months), will be reported separately. 
All analyses will follow a similar approach to that outlined in this SAP. 
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1.6.2. GENERAL PRINCIPLES 

All relevant study data will be summarised overall and by COVID-19/Control 
status, and within COVID-19 cases, by primary and main secondary outcomes. 
The number of observations and number of missing values will be reported; 
continuous variables will be summarised using the mean, standard deviation 
(SD), median, quartiles and range; categorical variables will be summarised 
with frequencies and percentages. 

1.6.3. CURRENT PROTOCOL 

The current study protocol at the time of writing is version 5.1, dated 22nd 
March 2020. Future amendments to the protocol will be reviewed for their 
impact on this SAP, which will be updated only if necessary. If no changes are 
required to this SAP following future amendments to the study protocol, this 
will be documented as part of the Robertson Centre Change Impact Assessment 
processes. 

1.6.4. DEVIATIONS FROM THE PROTOCOL 

The analyses described in this SAP are consistent with the current protocol. 

1.6.5. SOFTWARE 

Analyses will be carried out using recognised statistical software packages, e.g. 
R v3.6.2, SAS v9.3, or higher version of these programs. 

2. ANALYSIS 

2.1. STUDY POPULATIONS 

The Consented Population will consist of all participants who provide consent, 
meet all the study entry criteria, and for whom some enrolment data has been 
collected. 

The Full Analysis Population will consist of all COVID-19 cases in the Total 
Population who undergo MRI at Visit 2. 

The Primary Analysis Population will consist of all members of the Full Analysis 
Population who undergo MRI at Visit 2 in the window 28-60 days post-
discharge. 

The MBF subpopulation will consisting of all member of the Full Analysis 
Population having IV adenosine stress perfusion MRI. 

2.2. VISIT 1 DATA 

Baseline (Visit 1) data will be summarised for the Consented Population, as a 
whole and by COVID-19/Control status. 
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In the Full Analysis Population, and the Primary Analysis Population, data will 
be summarised by the Clinical Event Committee (CEC) adjudication of the 
likelihood of myocardial inflammation (myocarditis), categorised as Not, 
Unlikely, Probably, or Very Likely. 

In the Full Analysis Population, and the Primary Analysis Population, data will 
also be summarised by the likelihood of other myocardial injury endotypes. 
Which endotypes are reported, and which categories of likelihood are 
presented, will depend on the distribution of CEC responses. These may 
include: 

• SARS-CoV-2 myocarditis 
• Acute stress cardiomyopathy 
• Ischaemia/impaired perfusion as a stressor of inflammation 

• Infective myopericarditis (non-COVID infection) 
• Drug-induced (toxic) myocardial inflammation 
• Idiopathic myocardial ± pericardial inflammation 

Amongst those in the MBF Subpopulation, data will also be summarised by 
hyperaemic MBF endotype (normal, microvascular dysfunction, coronary artery 
disease, microvascular dysfunction + coronary artery disease). 

Baseline data will be compared between groups using Fisher Tests for 
categorical data and Kruskal-Wallis tests for continuous data, without 
adjustment. 

The following baseline data will be presented: 

• Demographic Data 
o age, sex, ethnicity, healthcare worker 

• Deprivation Measures 
o Townsend Deprivation Quintile, SIMD Quintile 

• Standard Care Tests for diagnosis of COVID-19 
o Virology, Chest X-Ray/CT Scan 

• Recruitment Pathway 
o See Appendix A 

• Timelines 
o Days between onset of COVID-19 symptoms and Admission 
o Days between onset of COVID-19 symptoms and Diagnosis 
o Length of hospital stay 
o Days between onset of COVID-19 symptoms and Visit 1 
o Days between onset of COVID-19 symptoms and Visit 2 

• Anthropometry 
o weight, height, BMI 
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• Vital Signs 
o SBP, DBP, heart rate 

• Risk Scores 
o Q-Risk 3, Heart Age Score, 
o Charlson Comorbidity Index 

• Disease Classifications 
o Angina Canadian Cardiovascular Society Angina Class 
o WHO Clinical Severity Score 
o Isaric 4C 

• Myocardial Injury – Potential Cardiac Causes/Associated Factors 
o Tachyarrhythymia, Coronary Embolism/ Spasm/ Dissection/ 

Microvascular, Heart Failure/ Cardiomyopathy, Hypotension, 
Hypertension, Structural Heart Disease, Cardiac Infection, Stress, 
Bradyarrhythmia 

• Myocardial Injury – Potential Non-Cardiac Causes/Associated Factors 
o Anaemia, Hypoxia, Renal Disease, Recent Surgery, Pulmonary 

Embolism, COVID Infection, Non-COVID Infection, COPD, Other, 
Unknown 

• COVID 19 Admission 
o Initial Point of Care, COVID main cause of admission, COVID 

occurred in hospital 

• COVID 19 Treatment 
o ICU, Supplemental Oxygen, Non-Invasive Respiratory Support, 

Invasive Ventilation, Extracorporeal Membrane Oxygenation, 
Inotropes, Haemodialysis 

• Research COVID 19 Treatment 
o Antiviral, Immune Regulator, Steroid, Hydroxychloroquine, 

Azithromycin, Blinded Study Drug, Other Treatment, Control 

• Cardiovascular Therapy (recorded both on admission and at discharge) 
o Aspirin, Clopidogrel, Ticagrelor, Prasugrel, ACE-I, ARB, Statin, 

Spironolactone, Eplerenone, Beta Blocker, Warfarin, NOAC 

• Standard care blood tests 
o Initial Troponin, Peak Troponin, Peak Troponin Category 

• Haematology 
o Haemoglobin, Haematocrit, White Cell Count, Neutrophil Count, 

Lymphocyte Count, Platelet Count, Clotting Screen (INR/PT ratio, 
Prothrombin Time), D-dimer (peak), Fibrinogen (peak),  

• Biochemistry 
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o Urea, Creatinine, Sodium, Potassium, Ferritin, HBA1c, Bilirubin, 
ALT, ALP, Albumin, Total Cholesterol, C-Reactive Protein, 
Albumin/Creatinine Ratio, NT-ProBNP (peak), Glucose, AST, 
Amylase, Bone Profile (Adjusted Calcium, Phosphate), Troponin, 
Ferritin  

• Echocardiogram 
o LVEF, LV end diastolic volume, LV end Systolic Volume, LV 

Function, RV function, Left Atrial Diameter, Pulmonary Artery 
Systolic Pressure, Pulmonary Hypertension, Pericardial Effusion, 
Valvular Heart Disease 

 
• Patient-reported Outcomes 

o EQ5D 5L (Index, VAS), Brief Illness Perception Questionnaire, 
Anxiety/Depression Questionnaire, Duke Activity Status Index, 
International Physical Activity Questionnaire 

• Myocarditis/Pericarditis 
o Diagnosis of Myocarditis or Pericarditis at admission, treatments 

(Simple Analgesia, NSAIDs, Colchicine, Steroids) 

• Core laboratory data 
o Additional core laboratory measures in a variety of domains will 

be available for analysis. See Appendix B for more information. 

2.3. VISIT 2 SUMMARY STATISTICS 

In the Full Analysis Population, the Primary Analysis Population, and the MBF 
Subpopulation, Visit 2 data will be summarised for the same subgroups as 
baseline data. Where relevant, changes from baseline will also be summarised. 

2.4. OUTCOMES 

Analyses of outcomes will be carried out in the Primary Analysis population, and 
may be repeated in the Full Analysis Population as sensitivity analyses in 
support of publications. 

2.4.1. PRIMARY OUTCOMES 

The final primary diagnosis of myocarditis (myocardial inflammation), defined 
as a likelihood of myocarditis classified as “Probably”, or “Very likely”, as judged 
by the Clinical Event Committee (CEC) after CMR is the primary outcome. 
Logistic regression will be used to identify independent predictors of 
myocarditis. The results of univariate analyses will be examined and will inform 
statistically and clinically what is appropriate for consideration in a multivariable 
model. 

Analyses will be repeated using a “Very likely” classification as a diagnosis of 
myocarditis. Subject to modelling assumptions being met, a proportional odds 
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logistic regression analysis may be carried out, treating the CEC adjudication of 
the likelihood of myocarditis as an ordered categorical variable. 

On an ad hoc basis, as required for individual publications, inter-rater reliability 
of diagnoses will be assessed using appropriate methods, such as Kappa 
statistics. In addition, each CEC member will re-score a sample of patients’ 
data, in order to assess intra-rater reliability. 

Though not included in this SAP, additional analyses will be carried out of CEC 
diagnoses, and of the certainty of these diagnoses, made before and after 
disclosure of the CMR results. 

2.4.2. SECONDARY OUTCOMES 

Similar methods (assessment of univariate associations, with logistic regression 
models used to explore multivariable associations) will be applied to assess 
associations between patient characteristics and categorical secondary 
outcomes. The precise choices regarding the coding of secondary outcomes will 
depend on the distribution of each diagnosis. 

For analyses of continuous MBF, linear regression models will be used. Analyses 
will initially focus on global measures, but segmental analyses will also be 
considered. 

2.5. SAFETY OUTCOMES 

2.5.1. SERIOUS ADVERSE EVENTS 

Serious adverse events (SAEs) related to the study protocol will be recorded. 
Details of SAEs reported at any time during the study at the point of analysis 
will be listed. 

3. DOCUMENT HISTORY 

This is version 1.0 of the SAP for CISCO-19, dated 7 June 2021, the initial 
creation. 

4. TABLES 

The content and layout of all tables will be developed and will be agreed prior 
to database lock or snapshot. 

5. FIGURES 

No figures are planned as part of this SAP. Any figures required for presentation 
or publication will be produced after the SAP analyses have been completed. 
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6. LISTINGS 

All SAEs will be listed. All study data, including statistical analysis datasets, will 
be made available in a format to be agreed. 
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APPENDIX A.  

Patients will be classified into one of 8 possible recruitment pathways, based 
on their COVID-19 test setting, whether their first visit took place in hospital, 
and the duration of their secondary care admission, according to the following 
flow diagram: 
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APPENDIX B.  

Data will be collected via core laboratory analyses of samples, scans, and other 
investigations, carried out in all or a subset of participants. These data will not 
be collected via the study eCRF. Selected variables from each domain will be 
analysed as part of the analyses outlined in this SAP. 

See table below: 
 

Domain Visit 1 Visit 2 

   

MRI heart  √* 

MRI heart – stress perfusion  √ 

CT coronary angiogram (CTCA)  √* 

CT chest  √* 

FFR-CT  √ 

ECG – core √ √ 

MRI renal  √ 

Haemostasis & coagulation √ √ 

Biomarkers  √ √ 

Proteomics √ √ 

   

Future possibilities   

Transcriptomics √ √ 

Metabolomics √ √ 

* The primary outcome will be based on assessments of data from the eCRF, 
MRI heart, CTCA, and CT chest for each participant by the Clinical Event 
Committee. 


