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ABSTRACT (500 WORDS) 

Background 

The CaRi-Heart® device estimates risk of 8-year cardiac death, using a prognostic model, which 

includes perivascular fat attenuation index (FAI), atherosclerotic plaque burden and clinical risk 

factors. 

Objectives 

To provide an Early Value Assessment (EVA) of the potential of CaRi-Heart® Risk to be an effective 

and cost-effective adjunctive investigation for assessment of cardiac risk, in people with stable chest 

pain/suspected coronary artery disease (CAD), undergoing computed tomography coronary 

angiography (CTCA). This assessment includes conceptual modelling which explores the structure 

and evidence about parameters required for model development, but not development of a full 

executable cost effectiveness model. 

Methods 

Twenty-four databases were searched to October 2022. Review methods followed published 

guidelines. Study quality was assessed using PROBAST. Results were summarised by research 

question: prognostic performance; prevalence of risk categories; clinical effects; costs of CaRi-

Heart®. Exploratory searches were conducted to inform conceptual cost effectiveness modelling. 

Results 

The only included study indicated that CaRi-Heart® Risk may be predictive of 8-years cardiac death. 

The hazard ratio (HR), per unit increase in CaRi-Heart® Risk, adjusted for smoking, 

hypercholesterolaemia, hypertension, diabetes mellitus, Duke index, presence of high-risk plaque 

features and epicardial adipose tissue volume, was 1.04 (95% confidence interval (CI): 1.03 to 1.06) 

in the model validation cohort. Based on PROBAST, this study was rated as having high risk of bias 

and high concerns regarding its applicability to the decision problem specified for this EVA. We did 

not identify any studies that reported information about the clinical effects or costs of using CaRi-

Heart® to assess cardiac risk. 

Exploratory searches, conducted to inform the conceptual cost effectiveness modelling, indicated 

that there is a deficiency with respect to evidence about the effects of changing existing treatments 

or introducing new treatments, based on assessment of cardiac risk (by any method), or on 

measures of vascular inflammation (e.g., FAI). 
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A de novo conceptual decision analytic model that could be used to inform an early assessment of 

the cost-effectiveness of CaRi-Heart® is described. A combination of a short-term diagnostic model 

component and a long-term model component that evaluates the downstream consequences is 

anticipated to capture the diagnosis and the progression of CAD. 

Limitations 

The rapid review methods and pragmatic additional searches used to inform this EVA mean that, 

although areas of potential uncertainty have been described, we cannot definitively state where 

there are evidence gaps. 

Conclusions 

The evidence about the clinical utility of CaRi-Heart® Risk is underdeveloped and has considerable 

limitations, both in terms of risk of bias and applicability to UK clinical practice. There is some 

evidence that CaRi-Heart® Risk may be predictive of 8-year risk of cardiac death, for patients 

undergoing CTCA for suspected CAD. However, whether and to what extent CaRi-Heart® represents 

an improvement relative to current standard of care remains uncertain. 

The evaluation of the CaRi-Heart® device is ongoing and currently available data are insufficient to 

fully inform cost effectiveness modelling. 

Future work 

A large (n=15,000) ongoing study, NCT05169333, the Oxford risk factors and non-invasive 

imaging (ORFAN) study, with an estimated completion date of February 2030, may address some the 

uncertainties identified in this EVA. 

PROSPERO registration: CRD42022366496 

Source of funding: This report was commissioned by the National Institute for Health 

Research (NIHR) Evidence Synthesis Programme (TAR NIHR135672) 
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SCIENTIFIC SUMMARY (1,859 WORDS) 

Background 

Coronary artery disease (CAD) and acute myocardial infarction (AMI) are a significant health burden 

in the United Kingdom (UK), with ischaemic heart disease being the leading cause of death in males. 

Guidelines from the National Institute for Health and Care Excellence (NICE) and the European 

Society of Cardiology (ESC) recommend computed tomography coronary angiography (CTCA) for the 

investigation of CAD in people with stable chest pain. Computed tomography coronary angiography 

provides a visualisation of the coronary arteries, which is used to identify plaques, to quantify the 

extent of any stenosis of the coronary arteries and the length and location of the affected area, and 

to quantify the extent of coronary artery calcification. Information provided by CTCA is structural 

rather than functional. Acute coronary events can arise from unstable, but anatomically non-

significant atherosclerotic plaques. The vascular inflammatory response is a modulator of 

atherogenesis and can be a factor in plaque rupture, leading to acute coronary events. 

CaRi-Heart® is a cloud-based CE-marked medical device (Caristo diagnostics Ltd, Oxford, UK) that 

analyses images from CTCA scans to provide information about inflammation in the coronary 

arteries. The CaRi-Heart® device uses this information to generate a perivascular fat attenuation 

index (FAI) score. It then estimates individual patient risk of 8-year cardiac death with a prognostic 

model, which includes the perivascular FAI score, as well as atherosclerotic plaque burden and 

clinical risk factors.  

This Early Value Assessment (EVA) considers whether CaRi-Heart® Risk has potential to provide an 

effective, safe, and cost-effective adjunctive investigation for assessment of cardiac risk, in people 

with stable chest pain/suspected CAD, who are undergoing CTCA. This assessment does not include 

the development of an executable cost effectiveness model but does include conceptual modelling 

which explores the structure and evidence about parameters required for model development. 

Objectives 

A series of research questions were defined that could inform both a full assessment of the clinical- 

and cost-effectiveness of using CaRi-Heart®, as an adjunctive investigation for assessment of cardiac 

risk, in people with stable chest pain/suspected CAD, who are undergoing CTCA and consideration of 

the potential of this technology to be cost effective: 

1. What is the prognostic performance of CaRi-Heart®, in people with stable chest pain, who 

are undergoing CTCA, where: 

a) The dependent variable is cardiac death? 

b) The dependent variable is a major adverse cardiovascular event (MACE)? 

2. What is the prevalence of ‘low’, ‘medium’ and ‘high’ CaRi-Heart® Risk in people with no 

evidence of CAD, people with evidence of non-obstructive CAD and people with evidence of 

obstructive CAD, based on currently available CTCA imaging? 
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3. What are the clinical effects of using CaRi-Heart® to assess cardiac risk? 

a) How does CaRi-Heart® Risk affect treatment decisions and patient adherence in 

people with no evidence of CAD, people with evidence of non-obstructive CAD and 

people with evidence of obstructive CAD, based on currently available CTCA 

imaging? 

b) What are the clinical effects of any changes to treatment, based on CaRi-Heart® Risk, 

in people with no evidence of CAD, people with evidence of non-obstructive CAD 

and people with evidence of obstructive CAD, based on currently available CTCA 

imaging? 

4. What are the costs, from a UK National Health Service (NHS) and Personal Social 

Services (PSS) perspective, using CaRi-Heart®, as an adjunctive investigation for assessment 

of cardiac risk, in people with stable chest pain, who are undergoing CTCA? 

5. How might a conceptual model be specified in terms of structure and evidence required for 

parameterisation in order to estimate the cost effectiveness of CaRi-Heart® in people with 

stable chest pain, who are undergoing CTCA? 

Methods 

Questions 1 to 4 were addressed using a rapid review process. Twenty-four databases were 

searched to October 2022, using a variety of databases including MEDLINE, Embase, Cochrane, 

Database of Abstracts of Reviews of Effects (DARE), Health Technology Assessment (HTA), 

Cumulative Index to Nursing and Allied Health Literature (CINAHL), KSR Evidence and Epistemonikos. 

One reviewer screened titles and abstracts of all reports identified by the searches, and a minimum 

of 20% were independently screened by a second reviewer. Full copies of all studies deemed 

potentially relevant, by either reviewer, were obtained and both reviewers independently assessed 

these for inclusion; any disagreements were resolved by consensus or discussion with a third 

reviewer. Data were extracted by one reviewer and checked by a second reviewer; any 

disagreements were resolved by consensus or discussion with a third reviewer. Study quality was 

assessed using appropriate risk of bias tools. Results were summarised by research question: 

prognostic performance; prevalence of risk categories; clinical effects; costs of CaRi-Heart®. 

In addition to the rapid review, evidence that might be required to inform parameterisation of a 

future cost effectiveness model was explored, as part of the conceptual modelling process, using a 

pragmatic, iterative searching approach; model parameterisation questions, other than costs, were 

not included in the rapid review. 

Results 

Rapid review 

The rapid review identified one relevant model development and validation study, which included a 

total of 3912 patients who were undergoing clinically indicated CTCA for the evaluation of stable 

coronary disease. The training/development (United States of America (USA)) cohort comprised 

2,040 patients, with a median (range) follow-up of duration 53.8 (4 to 105) months; a total of 85 

deaths were reported during follow-up, of which 48 were cardiac. The validation (Germany) cohort 

comprised 1,872 patients, with a median (range) follow-up duration of 72 (51 to 109) months; there 
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were a total of 114 deaths during follow-up, of which 26 were confirmed cardiac deaths and 16 were 

deaths of unknown cause. Based on PROBAST, this study was rated as having high risk of bias and 

high concerns regarding its applicability to the decision problem specified for this EVA. Importantly, 

there has been no external validation of the CaRi-Heart® Risk model, as the reported validation 

dataset was used in a previous study to develop methods and thresholds for the main imaging 

predictors (FAI-scores). With respect to applicability, the CaRi-Heart® study evaluated CaRi-Heart® 

Risk for the prediction of 8-year cardiac death; it did not consider prediction of cardiac risk, as 

specified in the scope for this EVA (i.e., including risk of non-fatal adverse cardiovascular events). In 

addition, it is unclear whether the clinical comparator model can be considered representative of 

standard of care in the UK NHS. 

The included study provided information relevant to research question 1: ‘What is the prognostic 

performance of CaRi-Heart®, in people with stable chest pain, who are undergoing CTCA where: a) 

the dependent variable is cardiac death? b) the dependent variable is MACE?’ The hazard ratio (HR) 

for 8-year cardiac death, per unit increase in CaRi-Heart® Risk, adjusted for ‘traditional risk 

factors’ (smoking, hypercholesterolaemia, hypertension, diabetes mellitus, Duke index, presence of 

high-risk plaque features and epicardial adipose tissue volume), was 1.05 (95% confidence 

interval (CI): 1.03 to 1.06) in the training/development cohort and 1.04 (95% CI: 1.03 to 1.06) in the 

validation cohort. With respect to the subgroups of clinical interest, the predictive value of the CaRi-

Heart® Risk model was consistent across patients with and without obstructive CAD. In addition, the 

results of the included study indicated that the CaRi-Heart® Risk model showed improved risk 

discrimination, when compared to a baseline clinical risk model, which included age, sex, 

hypertension, hypercholesterolaemia, diabetes mellitus and smoking, (Δ C-statistic 0.149, p<0.001, 

in the validation cohort). This improved discrimination appeared to be retained when the extent of 

coronary atherosclerosis (indicated by the modified Duke CAD index) was added to the baseline 

clinical risk model. 

The included study also provided information relevant to research question 2: ‘What is the 

prevalence of ‘low’, ‘medium’ and ‘high’ CaRi-Heart® Risk in people with no evidence of CAD, people 

with evidence of non-obstructive CAD and people with evidence of obstructive CAD, based on 

currently available CTCA imaging?’ The prevalence of ‘low’ (<5%), ‘medium’ (5 to 10%) and 

‘high’ (>10%) CaRi-Heart® Risk scores, estimated from this study, was 3,060/3,912 (78.2%), 

423/3,912 (10.8%) and 429/3,912 (11.0%), respectively.   

No studies were identified which addressed research question 3 (‘What are the clinical effects of 

using CaRi-Heart® to assess cardiac risk?) or research question 4, (‘What are the costs, from a UK 

NHS and PSS perspective, using CaRi-Heart®, as an adjunctive investigation for assessment of cardiac 

risk, in people with stable chest pain, who are undergoing CTCA?’). 

Exploratory searches to inform model parameterisation 

Additional exploratory searches, conducted to inform the conceptual cost effectiveness modelling, 

indicated that there is a deficiency with respect to evidence about the effects of changing existing 

treatments or introducing new treatments, based on assessment of cardiac risk (by any method), or 

on measures of vascular inflammation, such as perivascular FAI. However, the evidence is broadly 

supportive of a positive relationship between FAI and risk of adverse coronary events and hence of 

the future inclusion of FAI as an alternative technology (in evaluations of the CaRi-Heart® device) 
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should a method of measurement become commercially available in the UK NHS. The evidence also 

supports the efficacy of colchicine for secondary prevention of adverse cardiac events in unselected 

patients with CAD but does not provide unequivocal evidence about the mechanism by which this 

effect is mediated.  Importantly, for the aims of this EVA, the evidence identified does not provide 

any indication of the efficacy of targeting colchicine treatment using CaRi-Heart® Risk or separate 

measures of coronary inflammation, such as FAI. It should also be noted that colchicine is not 

currently recommended by NICE, or licensed in the UK, for this indication. Finally, the evidence 

suggests some uncertainty about whether and to what extent the efficacy of statins, for the 

secondary prevention of MACE in people with CAD, may vary with baseline risk assessed using 

currently available methods. In addition, there is currently no information about the effects of 

introducing statin treatment or changing the dose of existing statin treatment, based on CaRi-Heart® 

Risk or on any assessment of coronary artery inflammation. 

Conceptual modelling 

A de novo conceptual decision analytic model that could be used to inform an early assessment of 

the cost-effectiveness of CaRi-Heart® has been described. A combination of a short-term diagnostic 

model component and a long-term model component that evaluated the downstream consequences 

is anticipated to capture the diagnosis and the progression of CAD, respectively. It is expected that 

for the CaRi-Heart® strategy, the initial diagnostic groups based on CTCA only would be in turn 

further split by the CaRi-Heart® information into groups of low, medium, or high CaRi-Heart® Risk. If 

other competing alternatives are identified, those could be added to the model, if there is sufficient 

available evidence. 

Conclusions 

The rapid review methods and pragmatic approach to additional exploratory searches used to 

inform this EVA mean that, although areas of potential uncertainty have been described, our 

findings cannot be used to definitively state where there are evidence gaps. The evidence about the 

clinical utility of CaRi-Heart® Risk is, as yet, sparse and is subject to considerable limitations, both in 

terms of risk of bias and applicability to UK clinical practice. There is some evidence to indicate that 

CaRi-Heart® Risk may be predictive of an individual patient’s 8-year risk of cardiac death, for patients 

undergoing CTCA for suspected CAD. However, whether and to what extent CaRi-Heart® represents 

an improvement relative to current standard of care remains unclear. 

Currently available data are insufficient to fully inform cost effectiveness modelling. A 

large (n=15,000) ongoing study, NCT05169333, the Oxford risk factors and non-invasive 

imaging (ORFAN) study, with an estimated completion date of February 2030, may address some of 

the uncertainties identified in this EVA. 

 

PROSPERO registration: CRD42022366496 

Source of funding: This report was commissioned by the National Institute for Health 

Research (NIHR) Evidence Synthesis Programme (TAR NIHR135672) 



 

15 

PLAIN ENGLISH SUMMARY (262 WORDS) 

Coronary artery disease affects around 2.3 million people in the UK. It is caused by a build-up of fatty 

plaques on the walls of the blood vessels that supply the heart muscle. This can reduce the flow of 

blood to the heart and result in people experiencing chest pain (angina) especially when they 

exercise. Over time, the fatty plaques can grow and block more or all of the artery and blood clots 

can also form, causing blockage. A heart attack happens when the supply of blood to the heart 

muscle is blocked. 

People who have episodes of chest pain, who’s doctors think that they may have CAD, can have a 

type of imaging (CTCA) which shows whether there is any narrowing of their coronary arteries. 

When offering treatment, specialist heart doctors are likely to consider a person’s symptoms and 

other risk factors (such as family history of heart disease, diabetes, and smoking history), as well as 

how much narrowing of the arteries has happened.  

CaRi-Heart® is a computer programme that can be used to estimate an individual’s risk of dying from 

a heart attack in the next 8 years. There is evidence that CaRi-Heart® is better at estimating this risk 

than using information such as age, sex, smoking, high cholesterol levels, high blood pressure and 

diabetes. However, there is a lack of information about how treatment could change as a result of 

using CaRi-Heart® and whether any changes would improve outcomes for patients. There is also a 

lack of information about how much CaRi-Heart® would cost the NHS. 
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1. OBJECTIVE 

The overall aim of this project is to provide a comprehensive summary of all available evidence that 

may be relevant to the evaluation of CaRi-Heart®, as an adjunctive investigation for assessment of 

cardiac risk, in people with stable chest pain/suspected coronary artery disease (CAD), who are 

undergoing computed tomography coronary angiography (CTCA). This assessment does not include 

the development of an executable cost effectiveness model but does include conceptual modelling 

which explores the structure and evidence about parameters required for model development (see 

Section 5). 

Current National Institute for Health and Care Excellence (NICE) guidelines do not include 

recommendations about the use of formal risk assessment tools, or intervention(s) based on specific 

risk thresholds, in this patient group. This Early Value Assessment (EVA), therefore includes 

exploration of the potential clinical consequences of the availability of additional risk information 

from CaRi-Heart®. 

Given the anticipated limitations of the evidence base, the NICE scope for this assessment1 is broad 

and includes some evidence about secondary outcomes (see Table 1). These outcomes may be used 

to inform consideration of the potential benefits of implementing CaRi-Heart®, as specified in the 

scope, and to guide further research to enable full assessment of clinical efficacy and safety.  

Based on the NICE scope,1 we have defined a series of research questions that could inform both a 

full assessment of the clinical- and cost-effectiveness of using CaRi-Heart®, as an adjunctive 

investigation for assessment of cardiac risk, in people with stable chest pain/suspected CAD, who are 

undergoing CTCA and consideration of the potential of this technology to be cost effective: 

1. What is the prognostic performance of CaRi-Heart®, in people with stable chest pain, who 

are undergoing CTCA, where: 

a) The dependent variable is cardiac death? 

b) The dependent variable is other major adverse cardiovascular events (MACE)? 

2. What is the prevalence of ‘low’, ‘medium’ and ‘high’ CaRi-Heart® Risk in people with no 

evidence of CAD, people with evidence of non-obstructive CAD and people with evidence of 

obstructive CAD, based on currently available CTCA imaging? 

3. What are the clinical effects of using CaRi-Heart® to assess cardiac risk? 

a) How does CaRi-Heart® Risk affect treatment decisions and patient adherence in 

people with no evidence of CAD, people with evidence of non-obstructive CAD and 
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people with evidence of obstructive CAD, based on currently available CTCA 

imaging? 

b) What are the clinical effects of any changes to treatment, based on CaRi-Heart® Risk, 

in people with no evidence of CAD, people with evidence of non-obstructive CAD 

and people with evidence of obstructive CAD, based on currently available CTCA 

imaging? 

4. What are the costs, from a United Kingdom (UK) National Health Service (NHS) and Personal 

Social Services (PSS) perspective, using CaRi-Heart®, as an adjunctive investigation for 

assessment of cardiac risk, in people with stable chest pain, who are undergoing CTCA? 

5. How might a conceptual model be specified in terms of structure and evidence required for 

parameterisation in order to estimate the cost effectiveness of CaRi-Heart® in people with 

stable chest pain, who are undergoing CTCA? 

The above questions were defined in-line with the NICE scope1 and have been used to inform the 

inclusion criteria for the rapid review component of this assessment (see Table 1). In addition to the 

rapid review, evidence that may be required to inform parameterisation of a future cost 

effectiveness model has been explored, as part of the conceptual modelling process (see Sections 

4.6 and 5), using a pragmatic, iterative searching approach; model parameterisation questions, other 

than costs, were not included in the rapid review. 

The available evidence is summarised, with consideration of its relevance to the above research 

questions, and a detailed description of evidence gaps where further research is needed is provided 

(see Section 7.2). 
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2. BACKGROUND AND DEFINITION OF THE DECISION PROBLEM(S) 

The primary indication for this EVA is the assessment of cardiac risk, specifically, the risk of cardiac 

death. 

Coronary artery disease and acute myocardial infarction (AMI) are a significant health burden in the 

UK, with Office of National Statistics (ONS) mortality data for 2021 showing 20,061 deaths from 

AMI (3.42% of all deaths recorded in 2021) and ischaemic heart disease being the leading cause of 

death in males (37,095 deaths, 12.4% of all male deaths).2, 3 

Computed tomography coronary angiography is recommended, for the investigation of CAD in 

people with stable chest pain, in NICE guideline CG95,4 and in European Society of Cardiology (ESC) 

guidelines.5 Computed tomography coronary angiography provides a visualisation of the coronary 

arteries, which is used to identify plaques (fatty deposits that can form in the artery wall), to 

quantify the extent of any stenosis (narrowing) of the coronary arteries and the length and location 

of the affected area, and to quantify the extent of coronary artery calcification (e.g. using the 

coronary calcium score (CCS)). Information provided by CTCA is structural rather than functional. 

However, it is well established that acute coronary events can arise from unstable, but anatomically 

non-significant atherosclerotic plaques.6-8 The vascular inflammatory response is a modulator of 

atherogenesis and can be a factor in plaque rupture, leading to acute coronary events.9 A recent 

prognostic modelling study (Cardiovascular RISk Prediction using Computed Tomography (CRISP-

CT)), which included 3,912 patients (1,872 in the derivation cohort and 2,040 in the validation 

cohort) who were undergoing clinically indicated CTCA, assessed mapping of the fat attenuation 

index (FAI), a marker of vascular inflammation, as a potential predictor of adverse cardiac events.10 

This study found that high perivascular FAI values (optimal cut-off ≥ -70.1 Hounsfield units) improved 

prediction of cardiac mortality, over and above clinical risk factors and CTCA parameters (such as 

extent of atherosclerosis and CCS).10 

The early and accurate identification and characterisation (e.g., plaque burden, atheroma, CCS) of 

CAD is important to inform treatment decisions and reduce adverse cardiac outcomes. In addition, 

improvements in the assessment of individual cardiac risk in people being investigated for suspected 

CAD have the potential to further optimise prevention and treatment strategies. 

2.1 Population 

The population of interest is people with stable, recent onset chest pain, of suspected cardiac origin, 

who are undergoing CTCA, in line with NICE guideline CG95.4 The use of CaRi-Heart® in this 
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population would represent opportunistic additional risk assessment, as an adjunct to current 

standard of care. The company have indicated that CaRi-Heart® is used to guide preventative 

interventions NOT to guide or change revascularisation decisions. However, the population specified 

for this assessment includes all patients undergoing CTCA for the investigation of recent-onset stable 

chest pain; this is because it is not clear whether a risk assessment based on CaRi-Heart® could be 

used to guide additional interventions in patients requiring revascularisation. Subgroups of interest 

are patients with no evidence of CAD on CTCA, patients with non-obstructive CAD and patients with 

obstructive CAD (requiring revascularisation). 

2.2 Intervention technology 

CaRi-Heart® is a cloud-based CE-marked medical device (Caristo diagnostics Ltd, Oxford, UK) that 

analyses images from CTCA scans to provide information about inflammation in the coronary 

arteries.11, 12 This analysis utilises the imaging biomarker perivascular FAI.10 The main outputs of the 

CaRi-Heart® medical device are:11 

• The FAI for the proximal segments of each major coronary artery (right coronary artery 

(RCA), left anterior descending artery (LAD) and left circumflex artery (LCX)). 

• The FAI score (FAI weighted for scan parameters, un-specified anatomical parameters 

related to fat distribution around the arteries age ‘basic demographics [age, sex]’) for each 

major coronary artery. The FAI score is accompanied by vessel-specific nomograms to allow 

localised interpretation of the degree of inflammation. 

• CaRi-Heart® Risk (calculated, individual patient risk of a fatal cardiac event in the next 8 

years). CaRi-Heart® Risk calculation uses a prognostic model, which includes FAI score, 

information about atherosclerotic plaque burden as indicated by the modified Duke index13 

and clinical risk factors (including diabetes mellitus, smoking, hyperlipidaemia and 

hypertension). CaRi-Heart® Risk scores can be classified as low (<5%), medium (≥5% and 

<10%) and high (≥10%), with respect to 8-year risk of cardiac death.11 

CaRi-Heart® analysis is undertaken centrally, by the company (Caristo Diagnostics Ltd).1 Computed 

tomography coronary angiography scans can be transferred directly to the company from the 

hospital picture archiving and communication system (PACS) using a gateway appliance installed in 

the healthcare provider’s network and reports can be electronically transferred back to the 

originating PACS or sent by e-mail.11 Segmentation of the epicardial adipose tissue and perivascular 

space is done by a deep learning network and the device includes a quality control step by a trained 
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analyst.11 The analysis is performed on a standard CTCA images; the minimum requirements, 

specified by the company, are:1 

• Patients for CaRi-Heart® should be between 30 and 80 years old. 

• Images are acquired using a CTCA protocol on a 64-slice scanner or above. 

• Image scans should include the pulmonary artery bifurcation cranially and fully include the 

apex of the heart caudally. 

The company have stated that CaRi-Heart® Risk uses similar information to widely used clinical risk 

scores such as QRISK3 and that, therefore, therefore minimal training (30-minute training session) is 

required to interpret the report because clinicians (who are the intended users of the report) are 

familiar with using risk calculators.1 

The company have also stated that the technical failure rate of CaRi-Heart® analysis is low (<3%).1 

2.3 Potential alternative technologies 

No commercially available alternative technologies were identified for this topic. Clinical experts 

highlighted that FAI can be estimated using other methods but that these methods are not 

standardised and are used in research only.  

2.4 Comparator(s) 

The comparator, for this EVA, is the current standard of care, which is CTCA without the addition of 

CaRi-Heart®, alongside clinical risk assessment and patient-appropriate risk factor management (see 

Section 2.5). 

2.5 Care pathway 

Diagnostic assessment of people with stable chest pain of suspected cardiac origin 

The NICE guideline on assessment and diagnosis of chest pain of recent onset, (CG95, updated 

2016)4 recommends diagnostic testing for people with stable chest pain, for whom initial clinical 

assessment (history taking and physical examination) cannot rule-out typical or atypical angina. 

The CG954 recommends offering 64-slice (or above) CTCA,  as the first-line diagnostic investigation, 

if: 

• Clinical assessment indicates typical or atypical angina, or 

• Clinical assessment indicates non-anginal chest pain but 12-lead resting electrocardiogram 

(ECG) has been done and indicates ST-T changes or Q waves. 

https://www.nice.org.uk/Guidance/CG95
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Additional, non-invasive, functional imaging for myocardial ischaemia is recommended if 64-slice (or 

above) CTCA has shown CAD of uncertain functional significance or is non-diagnostic.4 Non-invasive 

functional testing is also recommended for people with a history of CAD, when there is uncertainty 

about whether chest pain is being caused by myocardial ischemia.4 

Recommended options for non-invasive functional imaging for myocardial ischemia are:4 

• myocardial perfusion scintigraphy (MPS) with single photon emission computed tomography 

(SPECT) or 

• stress echocardiography or 

• first-pass contrast-enhanced magnetic resonance (MR) perfusion or 

• Magnetic resonance imaging for stress-induced wall motion abnormalities. 

Guidelines state that the choice of non-invasive functional imaging technique should consider locally 

available technologies and expertise, the person and their preferences and any contraindications 

(for example, disabilities, frailty, limited ability to exercise).4 

The CG95 recommends offering invasive coronary angiography (ICA) as a third-line investigation 

when the results of non-invasive functional imaging are inconclusive.4 

Significant CAD, on CTCA or ICA, is defined as ≥70% stenosis of at least one major epithelial artery 

segment or ≥50% stenosis of the left main coronary artery (LMCA).4 

A diagnosis of stable angina should be made when:4 

• There is evidence of significant CAD on CTCA or ICA. 

• Reversible myocardial ischaemia is found during non-invasive functional imaging. 

Management 

Options for the management of CAD include:5, 14 

• Risk modifying lifestyle advice (e.g., exercise, dietary, smoking cessation and limiting alcohol 

consumption). 

• Risk modifying pharmacological interventions (e.g., aspirin, statins, anti-hypertensives, anti-

anginal drugs). 

• Revascularisation (percutaneous coronary intervention (PCI) or coronary artery bypass graft 

(CABG). 

The choice of appropriate intervention(s) is multi-factorial and is likely to include consideration of: 

the burden of disease (extent, location and length of stenosis, CCS, and atheroma), in patients with 
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CAD detected on CTCA or ICA; history of coronary events; presence of modifiable risk factors; 

adequacy of symptom control.14 

Risk modifying interventions may also be offered, for primary prevention, to patients in whom CTCA 

or ICA show no evidence of CAD, but where significant risk factors are present.15 

Guidelines for the management of CAD5,14 do not currently include any recommendations for the use 

of formal risk assessment tools and specific risk thresholds, either for risk of cardiac death or risk of 

MACE, to guide intervention decisions. 

Proposed position of CaRi-Heart® in pathway 

The company have indicated that CaRi-Heart® could be used as an adjunctive investigation for all 

people with stable chest pain/suspected CAD who have been referred for CTCA.1 The flow chart in 

Figure 1 provides an illustration of  current practice and Figure 2 illustrates the potential position of 

CaRi-Heart® in the care pathway (including possible  changes to management based on CaRi-Heart® 

Risk), and is based on discussions with clinicians during the NICE scoping workshop (14/09/2022). 

Figure 1: Current care pathway for people with stable chest pain/suspected CAD who have been 
referred for CTCA 
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Figure 2: Potential position of CaRi-Heart® in the care pathway for people with stable chest pain/suspected CAD who have been referred for CTCA 
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3. RAPID REVIEW METHODS 

Rapid review methods followed the principles outlined in the Centre for Reviews and 

Dissemination (CRD) guidance for undertaking reviews in health care,16 the NICE guide to methods of 

technology appraisal,17 and the Cochrane Rapid Reviews group’s interim methods guidance.18 

3.1 Search strategy 

Searches were undertaken to identify studies evaluating CaRi-Heart® (as described in Table 1), as 

recommended in the CRD guidance for undertaking reviews in health care.16  

Candidate search terms were identified from target references, browsing database thesauri (e.g., 

MEDLINE MeSH and Embase EMTREE), and existing reviews identified during the initial scoping 

searches. Strategy development involved an iterative approach, testing candidate text and indexing 

terms across a sample of bibliographic databases, aiming to reach a satisfactory balance of 

sensitivity and specificity. Search strategies were developed specifically for each database and the 

keywords and thesaurus terms were adapted according to the configuration of each database. 

The following databases were searched for relevant studies from inception to October 2022: 

• MEDLINE (Ovid): 1946-2022/10/04 

• MEDLINE In-Process Citations (Ovid): 1946-2022/10/04 

• MEDLINE Daily Update (Ovid): 1946-2022/10/04 

• MEDLINE Epub Ahead of Print (Ovid): 1946-2022/10/04 

• EMBASE (Ovid): 1974-2022/10/04 

• Cochrane Database of Systematic Reviews (CDSR) (Wiley): up to 2022/10/Iss10 

• Cochrane Central Register of Controlled Trials (CENTRAL) (Wiley): up to 2022/10/Iss10 

• Database of Abstracts of Reviews of Effects (DARE) (https://www.crd.york.ac.uk/CRDWeb/): 

up to 2015/03  

• Health Technology Assessment Database (HTA) (https://www.crd.york.ac.uk/CRDWeb/): up 

to 2018/03 

• Cumulative Index to Nursing and Allied Health Literature (CINAHL) (EBSCO): up to 

2022/10/06 

• KSR Evidence (https://ksrevidence.com/): up to 2022/10/05 

• Epistemonikos (Internet) (https://www.epistemonikos.org/): up to 2022/10/06 

• International HTA database (INAHTA) Publication (Internet) (https://www.inahta.org/hta-

database/): up to 2022/10/06 

https://ksrevidence.com/
https://www.epistemonikos.org/
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• National Institute for Health Research (NIHR) HTA Programme (Internet) 

(https://www.nihr.ac.uk/): up to 2022/10/06 

• International Prospective Register of Systematic Reviews (PROSPERO) 

(http://www.crd.york.ac.uk/prospero/): up to 2022/10/05  

• International Platform of Registered Systematic Review and Meta-analysis Protocols 

(Internet) (https://inplasy.com/): up to 2022/10/06 

• Latin American and Caribbean Health Sciences Literature (LILACS) 

(http://regional.bvsalud.org/php/index.php?lang=en): up to 2022/10/06 

• Directory of Open Access Journals (DOAJ) (https://doaj.org/): up to 2022/10/06 

Completed and ongoing trials were identified by searching the following resources: 

• National Institutes of Health (NIH) ClinicalTrials.gov (Internet) 

(http://www.clinicaltrials.gov/): up to 2022/10/06 

• European Union (EU) Clinical Trials Register (Internet) 

(https://www.clinicaltrialsregister.eu/ctr-search/search): up to 2022/10/06 

• World health Organization (WHO) International Clinical Trials Registry Platform (ICTRP) 

(http://www.who.int/ictrp/en/): up to 2022/10/06 

• ScanMedicine (Internet) (https://scanmedicine.com/): up to 2022/10/06 

To identify conference proceedings, searches in Embase were not restricted to exclude conference 

abstracts. In addition, a search was undertaken of the following conference proceedings resource: 

• Northern Light Life Sciences Conference Abstracts (Ovid): 2010-2022/wk38 

An additional search of the medRxiv PrePrint server was undertaken. All results retrieved from this 

resource were treated with due caution as these are preliminary reports of work that have not been 

certified by peer review. 

• MedRxiv (Internet) (https://www.medrxiv.org): up to 2022/10/06 

 

No restrictions on language, publication status or date were applied. Searches included generic and 

other product names for the device where appropriate. 

The main Embase strategy for each search was independently peer reviewed by a second 

Information Specialist based on the Canadian Agency for Drugs and Technologies in Health (CADTH) 

Peer Review Checklist.19 

https://www.nihr.ac.uk/
http://www.clinicaltrials.gov/
https://www.clinicaltrialsregister.eu/ctr-search/search
http://www.who.int/ictrp/en/
https://scanmedicine.com/
https://www.medrxiv.org/
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3.2 Inclusion and exclusion criteria 

Separate inclusion criteria were developed for each of the research questions listed in Section 1. 

These are summarised in Table 1. 
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Table 1: Inclusion criteria 
Question What is the prognostic 

performance of CaRi-Heart®? 
What is the prevalence of ‘low’, 
‘medium’ and ‘high’ CaRi-Heart® 
Risk? 

What are the clinical effects of 
using CaRi-Heart® to assess 
cardiac risk? 

What are the costs, from a UK 
NHS and PSS perspective, using 
CaRi-Heart® for assessment of 
cardiac risk? 

Participants: People undergoing CTCA for the investigation of stable chest pain/suspected CAD. 
Subgroups of interest: people with no evidence of CAD, people with evidence of non-obstructive CAD and people with evidence of obstructive 

CAD, based on currently available CTCA imaging. 

Setting: Secondary or tertiary care 

Intervention: CaRi-Heart® 

Comparators: Current standard of care, for 
cardiac risk assessment. 

N/A Current standard of care, which is CTCA without the addition of CaRi-
Heart®, alongside clinical risk assessment and patient-appropriate risk 
factor management. 

Outcomes: Any reported measure of 
model performance, e.g., HR 
or OR for prediction of cardiac 
death or MACE. 
 
Secondary outcomes:a  

• Test failure rate 

• Time to results 

Number (%) of patients undergoing 
CTCA who are classified as ‘low’, 
‘medium’ and ‘high’ CaRi-Heart® 
Risk and, if reported, number of 
cases (cardiac events) in each risk 
category.a 

Cardiac mortality, MACE, HRQoL. 
 
Secondary outcomes:a 

• Change to 
treatment/management 

• Patient adherence to 
treatment 

Secondary outcomes:a 

• Costs of CaRi Heart testing 
(including test cost, time to 
interpret results, and staff 
training/implementation 
costs). 

• Costs of treatment/additional 
testing/other management, 
including treatment/additional 
testing/other management of 
MACE.b 

Study design: Prediction model 
development and validation 
studies. 

RCTs, CCTs and comparative or 
non-comparative observational 
studies. 

RCTs, CCTs or observational before 
and after (implementation) 
studies. 

RCTs, CCTs, comparative or non-
comparative observational studies 
and cost effectiveness analyses. 

CAD: coronary artery disease; CCT: controlled clinical trial; CTCA: computed tomography coronary angiography; HR: hazard ratio; HRQoL: health-related quality of life; 
MACE: major adverse cardiovascular event; N/A: not applicable; OR: odds ratio; NHS: National Health Service; PSS: Personal Social Services; RCT: randomised controlled 
trial; UK: United Kingdom 
aOutcomes which are not sufficient to inform decision making about routine use in UK NHS clinical practice, in the absence of higher-level outcomes data, but which may 
inform consideration of the potential benefits of the intervention and future research decisions. 
bOutcomes which will be explored, in order to inform conceptual modelling, but which will not form part of the systematic review. 
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3.3 Inclusion screening and data extraction 

One reviewer (MW) screened titles and abstracts of all reports identified by the searches, and a 

minimum of 20% were independently screened by a second reviewer (MP).18 Full copies of all studies 

deemed potentially relevant, by either reviewer, were obtained and both reviewers independently 

assessed these for inclusion; any disagreements were resolved by consensus or discussion with a 

third reviewer (NA). 

Where available, data were extracted on the following: study design/details, participant 

characteristics (e.g. demographic characteristics, clinical history, cardiac risk factors, subgroup (no 

CAD, non-obstructive CAD or obstructive CAD on CTCA)), details of the implementation of CaRi-

Heart® (protocol for use, definition of risk categories, method of reporting output, experience and 

training of healthcare professionals using the CaRi-Heart® report), measures of prognostic 

performance (e.g. hazard ratio (HR) for cardiac death or MACE) and test technical performance 

outcome measures (e.g. failure rate and reasons for failure, time to result), changes to treatment 

decision, patient adherence to treatment, cardiac outcomes (MACE and cardiac death), health-

related quality of life (HRQoL), costs. Data were extracted by one reviewer (MW), using a piloted, 

standard data extraction form. A second reviewer (MP) checked data extraction and any 

disagreements were resolved by consensus or discussion with a third reviewer (NA).  

3.4 Quality assessment 

The methodological quality of the included prediction model studies was assessed using PROBAST.20 

No studies, of any other design, were identified which met the inclusion criteria for the rapid review, 

as specified in Table 1. A PROBAST assessment was undertaken by an expert statistician (Professor 

Sue Mallett, Professor in Diagnostic and Prognostic Medical Statistics, UCL Centre for Medical 

Imaging, Division of Medicine, Faculty of Medical Sciences, University of London, UK), who is a 

member of the PROBAST steering group. The supporting information used for the PROBAST 

assessment was checked by the lead reviewer (MW), who is also a member of the PROBAST steering 

group. 

The results of the quality assessment are presented in Section 4.2. 

3.5 Methods of analysis/synthesis 

The findings of our rapid review are presented as a narrative synthesis, structured by research 

question. A detailed commentary on the major methodological problems or biases that affected the 

single included study is also provided, together with a description of how this may have affected the 

study results and the relevance of the study to the decision problem specified. The evidence gaps 
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identified by the rapid review and additional exploratory searches have been used to inform 

recommendations for future research.  
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4. RAPID REVIEW RESULTS 

The literature searches conducted for this EVA rapid review used a broad approach, with respect to 

the intervention, and included terms for both CaRi-Heart® and FAI. These searches identified a total 

of 3,230 unique references. After initial screening of titles and abstracts, 50 references10, 11, 21-67, 68 

were considered to be potentially relevant and ordered for full paper screening; of these, two 

publications,11, 52 one full paper11 and one conference abstract,52 which reported results the same 

study, were included in the review. All potentially relevant publications provided by the company 

were identified by our searches. Figure 3 shows the flow of studies through the review process. 

Appendix 2 provides details, with reasons for exclusion, of all publications excluded at the full paper 

screening stage. 

In addition to the studies included in this report, our searches of trials registries and information 

provided by the company identified one relevant ongoing study,69 the details of which are provided 

in Appendix 2. 

4.1 Overview of the included CaRi-Heart® Risk prediction model study 

Based on the searches and inclusion screening described above, two publications,11, 52 relating to a 

single study were included in this rapid review; the results section of this report cites the primary 

publication only.11 This publication is a full report of the development and validation of the CaRi-

Heart® Risk prediction model and provides information relevant to research question 1, ‘What is the 

prognostic performance of CaRi-Heart®, in people with stable chest pain, who are undergoing CTCA 

where: a) the dependent variable is cardiac death? B) the dependent variable is MACE?’ and research 

question 2 ‘What is the prevalence of ‘low’, ‘medium’ and ‘high’ CaRi-Heart® Risk in people with no 

evidence of CAD, people with evidence of non-obstructive CAD and people with evidence of 

obstructive CAD, based on currently available CTCA imaging?’ Table 2 provides a brief overview of 

the key features of the CaRi-Heart® prediction model study and Table 3 provides a summary of the 

baseline characteristics of the training/development and validation cohorts included in this study.11 

A further publication,10 which reports an assessment of the ability of the perivascular FAI to predict 

clinical outcomes in patients undergoing CTCA, is also cited in this Section. This article did not meet 

the inclusion criteria for our rapid review because it reports an evaluation of the prognostic 

performance of FAI and not of CaRi-Heart® Risk. The article is cited, where it has provided a source 

of additional information about the training/development and validation cohorts used in the 

included study,11 including definitions dependent and independent variables in the CaRi-Heart® Risk 

model. 
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We did not identify any studies which addressed research question 3, ‘What are the clinical effects of 

using CaRi-Heart® to assess cardiac risk? or research question 4, ‘What are the costs, from a UK NHS 

and Personal Social Services perspective, using CaRi-Heart®, as an adjunctive investigation for 

assessment of cardiac risk, in people with stable chest pain, who are undergoing CTCA?’ 
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Figure 3: Flow of studies through the review process 
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Table 2: Overview of the included CaRi-Heart® Risk prediction model study 

Study ID Study details Objective Study design and outcomes extracted 

Oikonomou 
202111 

Population: 
The study included a total of 3,912 
patients who were undergoing clinically 
indicated CTCA for the evaluation of 
stable coronary disease, comprised of 
two independent cohorts: 

• USA development/training cohort 
(n=2,040) 

• Germany validation cohort (n=1,872) 
 
Country:  

• USA (Cleveland Clinic, Cleveland, 
Ohio) and Germany (Erlangen 
University Hospital, Erlangen) 

 
Funding:  

• The study was supported by the BHF, 
the NIHR Oxford Biomedical Research 
Centre (Oxford, UK), Innovate UK and 

by Caristo Diagnostics, who provided 
the CaRi-Heart® analyses 

To evaluate the performance 
of a new medical device, CaRi-
Heart® Caristo Diagnostics, 
Oxford, UK), in a multinational 
cohort of patients undergoing 
CTCA. 

Study design: 

• Prediction model development and validation study 

• The dependent variable was cardiac mortality within 8 
years. Cardiac death was defined as any death due to 
proximate cardiac causes (e.g., MI, low-output heart 
failure, and fatal arrhythmia) and included deaths fulfilling 
the criteria of sudden cardiac death70 

• The independent variables included in the CaRi-Heart® Risk 
prediction model are not explicitly defined, but the model 
is described as incorporating FAI score (a measure of FAI 
for each of the major coronary arteries (RCA, LAD and LCX), 
which is weighted for technical scan parameters, 
anatomical factors relating to arterial fat distribution and 
demographic factors), atherosclerotic plaque burden 
(modified Duke CAD index13) and clinical risk factors 
(diabetes, smoking, hyperlipidaemia, and hypertension) 

 
Outcomes extracted: 

• HR, calculated per unit increase in CaRi-Heart® Risk, for 8-
year risk of a fatal cardiac event, for training/development 
and validation cohorts and for clinical and ethnic 
subgroups 

• Discrimination (C-statistic) and Δ C-statistic for comparison 
of CaRi-Heart® Risk to other methods of risk assessment 

• Rates of risk category reclassification, based on CaRi-
Heart® Risk compared to a clinical risk model 

• Prevalence of ‘low’, ‘medium’ and ‘high’ CaRi-Heart® Risk 
scores in the studies population 

BHF: British Heart Foundation; CAD: coronary artery disease; CTCA: computed tomography coronary angiography; FAI: fat attenuation index; HR: hazard ratio; LAD: left 
anterior descending artery; LCX: left circumflex artery; MI: myocardial infarction; NIHR: National Institute for Health Research; RCA: right coronary artery; UK: United 
Kingdom; USA: United States of America 
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Table 3: Baseline characteristics of patients in the included CaRi-Heart® Risk prediction model 
study 

Variable USA 
training/development 

cohort (n=2,040) 

Germany 
validation cohort 

(n=1,872) 

p-valuea 

Demographic characteristics 

Age in years, median (IQR) 53 (43, 62) 62 (52, 68) <0.001 

Male, n (%) 1,126 (55.2) 1,178 (62.9 <0.001 

Clinical risk factorsb 

Hypertension, n (%) 949 (46.5) 1,068 (62.0) <0.001 

Hypercholesterolaemia, n (%) 1,126 (55.2) 930 (54.7) 0.78 

Diabetes mellitus, n (%) 219 (10.7) 215 (12.4) 0.11 

Smoking, n (%) 465 (22.8) 221 (12.8) <0.001 

Modified Duke CAD index 

<50% stenosis, n (%) 1,690 (82.8) 1,044 (55.8) <0.001 

≥2 mild stenoses with proximal CAD 
in one artery or one moderate 
stenosis, n (%) 

212 (10.4) 518 (27.7)  

2 moderate stenoses or 1 severe 
stenosis, n (%) 

100 (4.9) 66 (3.5)  

3 moderate stenoses or 2 severe 
stenoses or severe stenosis in the 
proximal LAD, n (%) 

9 (0.4) 152 (8.1)  

3 severe stenoses or 2 severe 
stenoses in the proximal LAD, n (%) 

14 (0.7) 18 (1.0)  

≥50% stenosis in the LMCA, n (%) 15 (0.7) 74 (3.9)  

CAD maximum stenosis 

None to mild (<30%), n (%) 1,033 (50.6) 673 (36.0)  

Mild (30 to 50%), n (%) 721 (35.4) 732 (39.0)  

Moderate (50 to 70%), n (%) 196 (9.6) 226 (12.1)  

Severe (≥70%), n (%) 90 (4.4) 241 (12.9)  

Total CCSc 

0, n (%) - 526 (28.1)  

1 to 99, n (%) - 444 (23.7)  

100 to 299, n (%) - 183 (9.8)  

≥300, n (%) - 262 (14.0)  

Not performed 2,040 (100) 457 (24.4)  

High-risk plaque featuresd 

Any, n (%) 458 (22.5) 465 (24.8)  

Spotty calcification, n (%) 407 (20.0) 417 (22.3)  

Low-attenuation plaque, n (%) 64 (3.1) 84 (4.5)  

Positive remodelling, n (%) 126 (6.2) 72 (3.9)  

Napkin-ring sign, n (%) 55 (2.7) 51 (2.7)  

Reason for referral 

Assessment of CAD, n (%) 1,761 (86.4) 1,790 (95.6) <0.001 

Other non-coronary indications, n (%) 279 (13.6) 82 (4.4)  

Presenting symptoms 

Chest pain, n (%) 1,184 (58.0) 764 (43.4)  

Dyspnoea, n (%) 452 (22.2) 193 (10.8)  

Palpitations, n (%) 225 (11.0) 240 (13.5)  
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Variable USA 
training/development 

cohort (n=2,040) 

Germany 
validation cohort 

(n=1,872) 

p-valuea 

Baseline medicationsc 

Antiplatelets 
(aspirin/clopidogrel/ticagrelor), n (%) 

987 (48.4) 606 (37.6) <0.001 

Statins, n (%) 813 (39.9) 557 (34.6) 0.001 

ACEi or ARBs, n (%) 599 (29.4) 696 (43.1) <0.001 

Beta-blockers, n (%) 303 (14.9) 721 (44.8) <0.001 
ACEi: angiotensin-converting enzyme inhibitor; ARB: angiotensin-II receptor blocker; CAD: coronary artery 
disease; CCS: coronary calcium score; CT: computed tomography; IQR: inter-quartile range; LAD: left anterior 
descending artery; LMCA: left main coronary artery; USA: United States of America 
aMann-Whitney U test (continuous variables) and Pearson’s χ2 test (categorical variables) comparisons 
between the two cohorts. 
bMaximum missingness in the validation cohort 9.2%. 
cQuantified by the Agatston method on non-contrast cardiac CT scans using commercially available software 
(Aquarius Workstation® V.4.4.11-13, TeraRecon Inc., Foster City, California, USA), in those patients with an 
indication for CCS assessment. 
dDefined as: low attenuation plaque (low CT attenuation in a non-calcified plaque); spotty calcification 
(presence of a calcified plaque of diameter <3 mm in any direction, length of calcification <1.5 times vessel 
diameter and width of calcification <2/3 vessel diameter); positive remodelling (assessed visually in multi-
planar reformatted images, with the remodelling index calculated by  dividing the cross-sectional lesion 
diameter by the diameter of a proximal reference segment, where a threshold of 1.1 was used to define 
positive remodelling); Napkin ring (ring-like peripheral higher attenuation of the non-calcified portion of the 
coronary plaque. 
eMaximum missingness in the validation cohort 13.9%. 

4.2 Study quality 

This Section describes the results of PROBAST assessment for Oikonomou study.11 PROBAST assesses 

both the risk of bias and concerns regarding applicability of a study that evaluates (develops, 

validates or updates) a multivariable diagnostic or prognostic prediction model. It is designed to 

assess primary studies included in a systematic review.20 PROBAST assessment includes four steps: 

specification of the systematic review question(s), once per systematic review; classification of the 

type of prediction model evaluation, once for each model in each publication assessed and for each 

relevant outcome; assessment of risk of bias and applicability, once for each development and 

validation of a distinct prediction model in a publication; overall judgement, once for each 

development and validation of a distinct prediction model in a publication.20 

Table 4: PROBAST step one (specification of the systematic review question for the CaRi-Heart® 
EVA) 

Criteria Specification of systematic review questiona 

Intended use of model:  To assess cardiac risk in people undergoing CTCA for 
the investigation of stable chest pain/suspected 
CAD. 

Participants including selection criteria and 
setting:  

People undergoing CTCA for the investigation of 
stable chest pain/suspected CAD in secondary or 
tertiary care settings. 

Predictors (used in prediction modelling), Any reported predictors: components of current UK 
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Criteria Specification of systematic review questiona 

including types of predictors (e.g., history, 
clinical examination, biochemical markers, 
imaging tests), time of measurement, 
specific measurement issues (e.g., any 
requirements/ prohibitions for specialized 
equipment):  

standard care (e.g., clinical risk factors, history, and 
parameters reported on standard CTCA) are of 
particular interest. 

Outcome to be predicted:  Cardiac death or MACE. 
CAD: coronary artery disease; CTCA: computed tomography coronary angiography; EVA: Early Value 
Assessment; MACE: major adverse cardiovascular event; UK: United Kingdom 
aFor review question 1 only, i.e., specification of the review question which concerns the prognostic 
performance of CaRi-Heart® and for which prediction modelling studies are relevant 

 

Table 5: PROBAST step two (classification of the type of prediction model evaluation for the 
included CaRi-Heart® Risk prediction model study) 

Classification of the type of prediction model evaluation 

Type of 
prediction 
study  

PROBAST boxes to complete Definition for type of prediction 
model study  

Development 
only  

Development  ✓ Prediction model development 
without external validation. These 
studies may include internal 
validation methods, such as 
bootstrapping and cross-
validation techniques. 

Development 
and 
validation  

Development 
and  
validation  

An external validation is 
reported, but used the same 
patients who comprised the 
development cohort in the 
initial modelling study, which 
assessed the prognostic value 
of FAI.10 The methods 
described in Oikonomou 
202111 therefore, do not 
correspond to the definition of 
external  validation in 
PROBAST. The PROBAST 
assessment, described in 
Tables 6 and 7, considers both 
cohorts (Germany and USA) as 
development/internal 
validation cohorts. 

Prediction model development 
combined with external validation 
in other participants in the same 
article. 

Validation 
only  

Validation   External validation of existing 
(previously developed) model in 
other participants. 

USA: United States of America 
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Table 6: PROBAST step three (assessment of risk of bias and applicability for the included CaRi-
Heart® Risk prediction model study) 

DOMAIN 1: Participants 

A. Risk of bias  

Describe the sources of data and criteria for participant selection:  
The source of data was the CRISP-CT study,10 which comprised two prospective, independent 
cohorts (Germany and USA) of consecutive patients, undergoing clinically indicated CTCA. 
All consecutive patients (aged 16 years or older) were eligible for inclusion, unless they were 
referred for evaluation of congenital heart disease. 
 
1,993 patients were assessed for inclusion in the Germany cohort and 121 were excluded: 
Poor image quality (n=105) 

• Blooming artefacts (n=5) 

• Step/breathing artefacts (n=37) 

• Missing/non-uniformly spaced slices/narrow field of view (n=54) 

• Poor opacification/penetration (n=9) 
KVp other than 100 or 120 (n=14) 
Anatomical/ coronary anomalies (n=2) 
 
2,246 patients were assessed for inclusion in the USA cohort and 206 were excluded: 
Poor image quality (n=135) 

• Blooming artefacts (n=15) 

• Step/breathing artefacts (n=41) 

• Missing/non-uniformly spaced slices (n=59) 

• Poor opacification/penetration (n=20) 
KVp other than 100 or 120 (n=62) 
Anatomical/ coronary anomalies (n=9) 

 Development 
(USA/Germany) 

Validation 
 

1.1  Were appropriate data sources used, e.g., cohort, 
RCT or nested case-control study data?  

Yes/Yes N/A 

1.2  Were all inclusions and exclusions of participants 
appropriate?  

Unclear/Unclear N/A 

Risk of bias introduced by selection of 
participants  

RISK: 
(low/high/unclear) 

Unclear/Unclear N/A 

Rationale of bias rating:  
Exclusion of patients with poor image quality CTCA or anatomical/coronary anomalies may result in 
over estimation of the prognostic performance of CaRi-Heart® Risk. If FAI scores cannot be 
calculated in these patient groups, they should be included and reported as ‘failure rate’ for the 
CaRi-Heart® Risk tool. 

B. Applicability  

Describe included participants, setting and dates:  
Full details of the baseline characteristics of the study population are provided in Table 3, above. The 
development (USA) cohort was recruited at the Cleveland Clinic, Cleveland, Ohio, USA, between 
2008 and 2016. This dataset had previously used as the external validation dataset for Oikonomou 
2018,10  where the model had been developed on the dataset from Germany (recruited at Erlangen 
University Hospital, Erlangen, Germany, between 2005 and 2009). 

The German dataset was reported as the external validation dataset for this article, (Oikonomou 
2021)11 however, it was the same German dataset used to develop the model in Oikonomou 2018,10 
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which is cited as the model used in the methods of this article (Oikonomou 2021).11 

The impact of risk factors such as BMI and statin or other treatments have not been reported for 
their impact on model predictions reported, so the generalisability to current patients is unclear. 

Concern that the included participants 
and setting do not match the review 
question  

CONCERN: 
(low/high/unclear) 

Low/Low N/A 

Rationale of applicability rating:  
The included study participants appear to be broadly representative of the population specified in 
the scope for this EVA.1 

DOMAIN 2: Predictors 

A. Risk of bias 

List and describe predictors included in the final model, e.g., definition and timing of assessment:  
The predictors included in the CaRi-Heart® Risk were not explicitly reported. The included study 
describes CaRi-Heart® Risk as incorporating FAI score, information about atherosclerotic plaque 
burden (as described by the modified Duke CAD index), and clinical risk factors (diabetes, smoking, 
hyperlipidaemia, and hypertension).11  
Hypertension was defined10 as the presence of a documented diagnosis or treatment with an 
antihypertensive according to clinical guidelines.71 ‘Similar criteria’ were applied for the definitions 
of hypercholesterolaemia and diabetes mellitus.72, 73 
Clinical data and demographics were recorded prospectively in the electronic medical records at the 
time of the initial clinical encounter.10 

 Development/Internal 
Validation 

Validation 

2.1  Were predictors defined and assessed in a similar 
way for all participants?  

Yes/Yes N/A 

2.2  Were predictor assessments made without 
knowledge of outcome data?  

Unclear/Unclear N/A 

2.3  Are all predictors available at the time the model is 
intended to be used?  

Yes/Yes N/A 

Risk of bias introduced by predictors 
or their assessment  

RISK: 
(low/high/unclear) 

Unclear/Unclear N/A 

Rationale of bias rating:  
Clinical predictors appear to have been appropriately defined, were recorded prospectively at the 
initial point of contact and are likely to be representative of clinical risk factors which would be 
routinely considered/available for this patient group. Imaging parameters would be available or 
estimable form initial CTCA. 

B. Applicability 

Concern that the definition, 
assessment, or timing of predictors in 
the model do not match the review 
question  

CONCERN: 
(low/high/unclear) 

High/High N/A 

Rationale of applicability rating:  
The CaRi-Heart® Risk model11 does not appear to have included all imaging parameters that might be 
reported as part of standard care (current CTCA), e.g. maximum stenosis, presence of high risk 
plaques, or CCS; these parameters were recorded and included in the earlier modelling study, which 
assessed the prognostic value of FAI,10 but do not appear to have been included in the CaRi-Heart® 
Risk model.11 In addition, some clinical risk factors (e.g. BMI, family history of premature CAD) and 
prior treatment with risk modifying agents (e.g. statins) are not reported as having been included. 
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DOMAIN 3: Outcome 

A. Risk of bias 

Describe the outcome, how it was defined and determined, and the time interval between predictor 
assessment and outcome determination:  
In both cohorts, outcome data were assembled through search of medical records, and querying of 
local/national databases by local investigators not involved in subsequent image/data analysis. It is 
not explicitly stated whether the investigators who collected outcome data were aware of other 
predictor information. Since outcome data were taken from medical records, it is likely that these 
investigators would have been aware of information about other clinical predictors, however, 
knowledge of other predictors is of limited relevance given the nature of the outcome if this was 
used as reported in the medical record (cardiac death). 
Cardiac mortality was defined as any death due to proximate cardiac causes (e.g., MI, low-output 
heart failure, fatal arrhythmia). Investigators determining outcome followed the guidelines of the 
ACC/AHA70 and the Academic Research Consortium for definition of the cause of death.74 Deaths 
fulfilling the criteria of sudden cardiac death were also included. Deaths from other non-cardiac 
vascular causes such as stroke were not included. Deaths where information on the exact cause 
could not be collected with certainty were classified as ‘unknown cause’ at the discretion of the local 
site investigators. 
The time interval, between predictors and outcome, appears to have been data driven (determined 
by available follow-up), but is likely to have been adequate for the outcome to occur. 

 Development/Internal 
Validation 

Validation 

3.1  Was the outcome determined appropriately?  Yes/Yes N/A 

3.2  Was a pre-specified or standard outcome definition 
used?  

Yes/Yes N/A 

3.3  Were predictors excluded from the outcome 
definition?  

Yes/Yes N/A 

3.4  Was the outcome defined and determined in a 
similar way for all participants?  

Yes/Yes N/A 

3.5  Was the outcome determined without knowledge of 
predictor information?  

Unclear/Unclear N/A 

3.6  Was the time interval between predictor assessment 
and outcome determination appropriate?  

Unclear/Unclear N/A 

Risk of bias introduced by the 
outcome or its determination  

RISK: 
(low/high/unclear) 

N/A N/A 

Rationale of bias rating: 
The outcome was objective and was pre-defined, using standard criteria. The time interval, between 
predictors and outcome, appears to have been data driven (determined by available follow-up), but 
is likely to have been adequate for the outcome to occur. 

B. Applicability 

At what time point was the outcome determined:  
The outcome was fatal cardiac event at 8 years, with the choice of 8-year time point unclear (median 
follow up in cohorts of 4.5 years and 6 years). 
 
If a composite outcome was used, describe the relative frequency/distribution of each contributing 
outcome:  
Not applicable. 

The study11 only assessed the ability of CaRi-Heart® Risk to predict cardiac death at 8 years; no other, 
potentially relevant, adverse cardiac outcomes (e.g. MACE, MI, stroke, cardiac hospitalisation) were 
considered. The report of the earlier modelling study, which assessed the prognostic value of FAI,10 
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indicates that data on MI during follow-up were collected for the USA cohort. 

Concern that the outcome, its 
definition, timing, or determination 
do not match the review question  

CONCERN: 
(low/high/unclear) 

High/High N/A 

Rationale of applicability rating:  
The choice of the 8-year time point appears to have been data driven, rather than being determined 
by clinical considerations and the evaluation of the CaRi-Heart® Risk model considers only its ability 
to predict cardiac death. 

DOMAIN 4. Analysis 

Risk of bias 

Describe numbers of participants, number of candidate predictors, outcome events and events per 
candidate predictor:  
The development (USA) and (internal as the same dataset was used to derive methods and model in 
Oikonomou 201810) validation (Germany) cohorts included 2,040 and 1,872 participants, 
respectively. The number of candidate predictors was not explicitly stated but appears to have been 
eight (assuming that FAI scores were included separately for each coronary artery assessed). During 
the follow-up period, there were 48 cardiac deaths in the development (USA) cohort and 26 in the 
validation (Germany) cohort, i.e., six outcome events per candidate variable in the development 
(USA) cohort and 3.25 outcome events per candidate variable in the validation (Germany) cohort. 
This is considered insufficient to produce a stable model or reliable model calibration estimates 
based on current methods75 

Describe how the model was developed (for example in regard to modelling technique (e.g., survival 
or logistic modelling), predictor selection, and risk group definition):  
Participant demographics were described as numbers (percentages) for categorical variables and 
median and IQR or range for continuous variables. Between group comparisons were performed 
using Pearson’s χ2 for categorical variables and Mann-Whitney’s test or unpaired Student’s t-test (as 
appropriate) for continuous variables. Correlations between continuous predictors were assessed 
using Spearman’s rho coefficient. The prognostic value of FAI-score of each coronary artery against 
fatal cardiac events was presented using both univariate analysis and a multivariable Cox-regression 
model, after inclusion of the patient risk factors into the model. It was not clear how predictors 
(other than FAI score) were selected for inclusion in the CaRi-Heart® Risk model. 

Describe whether and how the model was validated, either internally (e.g., bootstrapping, cross 
validation, random split sample) or externally (e.g., temporal validation, geographical validation, 
different setting, different type of participants):  
The model was developed and internally validated in separate cohorts, from different geographic 
locations (USA and Germany). The model validation dataset is more correctly described as an 
internal validation, as the German dataset used for validation in Oikonomou 202111 was the same 
patient dataset used to develop methods and the FAI scores in Oikonomou 2018.10 

Describe the performance measures of the model, e.g. (re)calibration, discrimination, 
(re)classification, net benefit, and whether they were adjusted for optimism:  
For internal validation of the USA dataset model performance metrics included: Nagelkerke’s R2; 
discrimination index D; unreliability index U; overall quality index Q (=D-U); C-index (concordance); 
Somer’s Dxy (=2x(C-0.5)); calibration slope. All metrics with optimism-adjustment and 95% 
confidence interval (CI) calculated using bootstrapping with 200 replications. 
CaRi-Heart® Risk was also compared to a baseline cardiac risk prediction tool consisting of age, sex, 
hypertension, hypercholesterolaemia, diabetes mellitus, and smoking (with and without inclusion of 
modified Duke CAD index). 
Improvement in discrimination was assessed by comparing the time-dependent C-statistic of the two 
models across different follow-up times, as well as by calculating the NRI, IDI, and median 
improvement at 8 years (95% CI calculated using bootstrapping with 200 replications). Finally, the 
net benefit of using CaRi-Heart® Risk over a baseline clinical risk model was assessed using a decision 
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curve analysis. In this analysis, the y axis reflects the net benefit, while the x axis reflects varying 
probability thresholds (for the outcome of interest, i.e., cardiac mortality over 8 years of follow-up). 
The probability threshold describes the minimum probability of disease at which further intervention 
would be warranted. This threshold tends to be lower for interventions with high efficacy and low 
cost, though higher for minimally effective treatments or those associated with significant morbidity. 
Conversely, the net benefit reflects the difference between the expected benefit (number of 
patients truly at risk who will receive an intervention using the proposed strategy) and harm 
(number of patients without the disease who would be treated unnecessarily (false positives)), 
weighted by the odds of the risk threshold. This graphical method enables the comparison of the net 
clinical benefit of different approaches across different levels of estimated risk. Statistical analysis 
was performed in the R environment (R 4.0.2, The R Foundation for Statistical Computing, 
http://www.R-project.org) using R studio (version 4.0.2) and the following packages: rms, survival, 
riskRegression, survIDINRI, timeROC, survivalROC, caret. Hmisc, Design, rmda. 

Describe any participants who were excluded from the analysis:  
No exclusions were reported. However, the earlier modelling study, which assessed the prognostic 
value of FAI,10 describes the exclusion of patients from the cohorts used in the CaRi-Heart® Risk 
study. See Domain 1. 

Describe missing data on predictors and outcomes as well as methods used for missing data:  
Maximum missingness of 9.2% was reported for the Germany cohort, in relation to clinical variables 
(hypertension, hypercholesterolaemia, diabetes and smoking); no further details were provided. 
Missing data were imputed using the multiple imputation by chained equations method (package 
mice in R) with a bootstrapped logistic regression model for categorical (binary) variables and mean 
imputation for continuous variables. 

 Development/Internal 
Validation 

Validation 

4.1  Were there a reasonable number of participants 
with the outcome?  

No/No N/A 

4.2  Were continuous and categorical predictors handled 
appropriately?  

No/No N/A 

4.3  Were all enrolled participants included in the 
analysis?  

No/No N/A 

4.4  Were participants with missing data handled 
appropriately?  

Yes/Yes N/A 

4.5  Was selection of predictors based on univariable 
analysis avoided?  

Unclear  

4.6  Were complexities in the data (e.g., censoring, 
competing risks, sampling of controls) accounted for 
appropriately?  

Unclear/Unclear N/A 

4.7  Were relevant model performance measures 
evaluated appropriately?  

No/No N/A 

4.8  Were model overfitting and optimism in model 
performance accounted for?  

Yes/No  

4.9  Do predictors and their assigned weights in the final 
model correspond to the results from multivariable 
analysis?  

Unclear/Unclear  

Risk of bias introduced by the analysis  
 

RISK: 
(low/high/unclear) 

High/High N/A 

Rationale of bias rating: 
There was no external validation of model performance data on an independent set of patients. The 
German dataset was claimed as the external validation dataset for this article (Oikonomou 2021,)11 
however it was the same German dataset used to develop the model in Oikonomou 2018,10 which is 
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cited as the model used in the methods of this article (Oikonomou 2021).11 
The stability of model predictions for individual patients is not reported. The number of cardiac 
events used for model development (or internal validation) was insufficient to enable stable model 
performance given the number of predictors included in the model, and no data has been provided 
to substantiate the stability of the model performance for patients.  
Model methods for selection variables, and the final model equation (with 95% CI for coefficients) 
are not reported for either CaRi-Heart or the clinical baseline model, so the model lacks 
transparency of model performance claims. 
The FAI-score nomograms across different age groups are based on both datasets, and methods are 
not clearly reported, nor individual patient data points. In addition, individual patient data points are 
not shown indicating data from different centres or using different imaging machines, making 
assessment of any generalisability and bias not possible. 
The calibration plot and metrics of the German dataset (second internal validation dataset) was not 
shown, and the calibration plot of the USA dataset (3B) did not show the distribution of real data 
points. 
The reclassification reported in Oikonomou 202111 does not provide justification of the thresholds 
chosen for clinical risk model risk groups (<1%, 1 to 4.99%, 5 to 10%, >10%,  across 8 years) or 
whether these were pre-specified or data driven.  How the risk groups or reclassification between 
these risk groups would impact on clinical decision making is not justified.   
The choice of number and thresholds for risk categories will impact on the IDI performance. 
The decision curve analysis in figure 7 does not include 95% CIs and so it is not possible to 
understand whether benefits were significant between curves. 
 
The clinical model used for comparison of CaRi-heart performance of current methods did not 
include CTCA variables, so comparisons to this are not valid. 
ACC: American College of Cardiology; AHA: American Heart Association; BMI: body mass index; CAD: coronary 
artery disease; CCS: coronary calcium score; CI: confidence interval; CRISP-CT: Cardiovascular RISk Prediction 
using Computed Tomography; CTCA: computed tomography coronary angiography; EVA: Early Value 
Assessment; FAI: fat attenuation index; ICC: intraclass correlation coefficient; IDI: integrated discrimination 
improvement; IQR: inter-quartile range; MACE: major adverse cardiovascular event; MI: myocardial infarction; 
N/A: not applicable; NRI: net reclassification improvement; RCT: randomised controlled trial; USA: United 
States of America 

 

Table 7: PROBAST step four (overall assessment for the included CaRi-Heart® Risk prediction 
model study) 

Overall judgement about risk of bias and applicability of the prediction model evaluation  

Overall judgement of risk of bias  RISK: 
(low/high/unclear) 

High 

Summary of sources of potential bias:  

• There was no external validation of the model, as the validation dataset was used in a previous 
study to develop methods and thresholds for the main imaging predictors (FAI-scores). 

• The reliability data were not fully reported with only ICC measures averaged over three readers 
and an unspecified number of patients included in the reliability assessment being reported. The 
actual absolute risk changes for individual patient changes when the FAI-scores were assessed 
by different technical experts using the CaRi-Heart® Risk model was not reported. As such, it was 
not possible to verify the claim of reliable absolute risk score verification by expert technicians 
using the model. 

• The number and thresholds for risk groups for absolute risk (a major claim of model) were not 
reported as pre-specified or justified clinically, and so performance measures based on 
reclassification of patients may be data driven. 

• The comparison clinical model was not fully reported, as there was no equation for the model, 
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Overall judgement about risk of bias and applicability of the prediction model evaluation  

and the variables claimed to be used11 were not the same as the variables in the reference 
used10 to report the methods for the clinical model. The clinical comparison model did not 
appear to include any clinical observations from the CTCA scan that is required by clinical 
guidelines for assessment of patients, and so does not appear to be consistent with current 
practice information. As such any claims of CaRi-Heart® to be superior to a relevant clinical 
practice have not been evaluated in this study. 

Overall judgement of applicability  
 

CONCERN: 
(low/high/unclear) 

High 

Summary of applicability concerns:  

• The included study participants appear to be broadly representative of the population specified 
in the scope for this EVA. 

• The impact of risk factors such as BMI and statin or other treatments have not been reported for 
their impact on model predictions reported, so the generalisability to current patients is unclear. 

• The CaRi-Heart® Risk model11 does not appear to have included all imaging parameters that 
might be reported as part of standard care (current CTCA). 

• The model has only been evaluated based on two cohorts and it is unclear how many machines 
and imaging departments have been included in the set up and running of these imaging 
machines. There is no external validation of the generalisability of methods for FAI-score values 
determined from patients, as both cohorts have been used to set important differences in scan 
attenuation relevant to the FAI-score variables (“To adjust for differences in attenuation 
between scans done at different tube voltages, the perivascular adipose tissue fat attenuation 
index (FAI) for scans performed at 100kVp was divided by a conversion factor of 1·11485 to be 
comparable to scans performed at 120kVp, “). For assessment of applicability, images would 
need to be obtained from a range of machines. 

• As above, the reliability data have not been sufficiently reported to evaluate generalisability. 

• The choice of an 8-year time point for outcome was unclear. 
BMI: body mass index; CTCA: computed tomography coronary angiography; EVA: Early Value Assessment; FAI: 
fat attenuation index; ICC: intraclass correlation coefficient 

 

4.3 What is the prognostic performance of CaRi-Heart®, in people with stable chest pain, who 

are undergoing CTCA? 

Where the dependent variable is cardiac death 

The Oikonomou11 study included a total of 3,912 patients who were undergoing clinically indicated 

CTCA for the evaluation of stable coronary disease. The training/development (USA) cohort 

comprised 2,040 patients, with a median (range) follow-up of duration 53.8 (4 to 105) months; a 

total of 85 deaths were reported during follow-up, of which 48 were cardiac.11 The validation 

(Germany) cohort comprised 1,872 patients, with a median (range) follow-up duration of 72 (51 to 

109) months; there were a total of 114 deaths during follow-up, of which 26 were confirmed cardiac 

deaths and 16 were deaths of unknown cause.11 Numbers of non-fatal adverse coronary events were 

not reported. 

The unadjusted HR, for 8-year cardiac death, per unit increase in CaRi-Heart® Risk was 1.10 (95% 

confidence interval (CI) 1.07 to 1.12) in the training/development cohort and 1.06 (95% CI: 1.04 to 
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1.08) in the validation cohort.11 The HRs adjusted for ‘traditional risk factors’ (smoking, 

hypercholesterolaemia, hypertension, diabetes mellitus, Duke index, presence of high risk plaque 

features and epicardial adipose tissue volume) were 1.05 (95% CI: 1.03 to 1.06) in the 

training/development cohort and 1.04 (95% CI: 1.03 to 1.06) in the validation cohort.11 

With respect to the subgroups of interest, specified in the scope for this EVA,1 the predictive value of 

the CaRi-Heart® Risk model was consistent across patients with and without obstructive CAD.11 The 

unadjusted HRs were slightly higher in patients without obstructive CAD, 1.08 (95% CI: 1.05 to 1.10) 

n=1,754 in the training/development cohort and 1.07 (95% CI: 1.04 to 1.07) n=1,405 in the validation 

cohort, than in patients with obstructive CAD, 1.04 (95% CI: 1.02 to 1.06) n=286 in the training 

development cohort and 1.03 (95% CI: 1.01 to 1.05) n=467 in the validation cohort.11 The subgroup 

of patients without obstructive CAD included those with no to mild CAD (maximum stenosis <30%), 

n=1,033 in the training/development and n=673 in the validation cohort , and those with mild CAD 

(maximum stenosis 30 to 50%), n=721 in the training development cohort and n=732 in the 

validation cohort.11 No subgroup analysis was presented for patients with no evidence of CAD. 

Unadjusted HRs were reported for other clinically relevant subgroups (age, sex, presence or absence 

of ‘high risk plaque features’ and CCS and for different race and ethnicity subgroups (White, Black 

and other (Asian, multi-ethnic)).11 The unadjusted HRs, for 8-year cardiac death, per unit increase in 

CaRi-Heart® Risk, for the whole study population and for all reported subgroups are provided in 

Table 8. 

Table 8: Hazard ratio for cardiac death per unit increase in CaRi-Heart® Risk 

Subgroup CaRi-Heart® Risk, HR (95% CI) per unit increase, n 

Training/development  
(USA) cohort 

Validation  
(Germany) cohort 

All 1.10 (1.07, 1.12), 2,040 1.06 (1.04, 1.08), 1,872 

Age 

<60 years 1.08 (1.04, 1.12), 1,467 1.07 (1.04, 1.11), 887 

≥60 years 1.05 (1.03, 1.06), 573 1.04 (1.02, 1.05), 985 

Sex 

Female 1.05 (1.03, 1.08), 914 1.05 (1.03, 1.07), 694 

Male 1.06 (1.04, 1.08), 1,126 1.04 (1.03, 1.06), 1,178 

Obstructive CAD 

No 1.08 (1.05, 1.10), 1,754 1.07 (1.04, 1.09), 1,405 

Yes 1.04 (1.02, 1.06), 286 1.03 (1.01, 1.05), 467 

High risk plaque featuresa 

No 1.06 (1.04, 1.08), 1,582 1.05 (1.03, 1.06), 1,407 

Yes 1.05 (1.032, 1.08), 458 1.05 (1.02, 1.08), 465 

CCS 

<300 N/A 1.06 (1.03, 1.09), 1,153 

≥300 N/A 1.04 (1.02, 1.07), 262 
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Subgroup CaRi-Heart® Risk, HR (95% CI) per unit increase, n 

Training/development  
(USA) cohort 

Validation  
(Germany) cohort 

N/A N/A 1.03 (1.02, 1.05), 457 

Race/ethnicity 

White 1.09 (1.06, 1.13), N/R N/R 

Black 1.13 (1.06, 1.20), N/R N/R 

Other (Asian, Multi-ethnic 1.22 (0.99, 1.51), N/R N/R 
CAD: coronary artery disease; CCS: coronary calcium score; CI: confidence interval; CT: computed 
tomography; HR: hazard ratio; N/A: not available; N/R: not reported; USA: United States of America 
 

aHigh risk plaque features were defined elsewhere10 as determined by two independent researchers, based 
on the presence of at least one of the following: low attenuation plaque (low CT attenuation in a non-calcified 
plaque); spotty calcification (presence of a calcified plaque of diameter <3 mm in any direction, length of 
calcification <1.5 times vessel diameter and width of calcification <2/3 vessel diameter); positive remodelling 
(assessed visually in multi-planar reformatted images, with the remodelling index calculated by dividing the 
cross-sectional lesion diameter by the diameter of a proximal reference segment, where a threshold of 1.1 
was used to define positive remodelling); Napkin ring (ring-like peripheral higher attenuation of the non-
calcified portion of the coronary plaque. 

 

The HRs associated with FAI score component of the CaRi-Heart® Risk model are provided in Table 9. 

HRs, per unit increase in FAI score, are given for each of the three major coronary arteries (RCA, LAD 

and LCX), where FAI score was used as a continuous variable in multivariable Cox-regression analysis 

(adjusted for smoking, hypercholesterolaemia, hypertension, diabetes mellitus, Duke index, 

presence of high-risk plaque features and epicardial adipose tissue volume). 

Table 9: Adjusted HR per unit increase in FAI score 

Variable HR (95% CI) per unit increase 

Training/development cohort 
(USA), n=2,040 

Validation cohort (Germany), 
n=1,872 

FAI score RCA 1.07 (1.05, 1.09) 1.05 (1.03, 1.06) 

FAI score LAD 1.06 (1.04, 1.09) 1.07 (1.05, 1.09) 

FAI score LCX 1.09 (1.05, 1.12) 1.04 (1.03, 1.06) 
CI: confidence interval; FAI: fat attenuation index; HR: hazard ratio; LAD: left anterior descending; LCX: left 
circumflex; RCA: right coronary artery 

 

When compared to a baseline clinical risk model, which included age, sex, hypertension, 

hypercholesterolaemia, diabetes mellitus and smoking, the CaRi-Heart® Risk model showed 

improved risk discrimination (Δ C-statistic 0.085, p=0.01, in the training/development cohort and 

0.149, p<0.001, in the validation cohort).11 This improved discrimination appeared to be retained 

when the extent of coronary atherosclerosis (indicated by the modified Duke CAD index) was added 

to the baseline clinical risk model, however, data were only presented for the training/development 

and validation cohorts combined; the C-statistic for CaRi-Heart® Risk was 0.863 (SE 0.029), the C-

statistic for the clinical risk model plus modified Duke CAD index was 0.733 (SE 0.057) and the Δ C-

statistic was 0.130 (p<0.001).11 
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Where the dependent variable is MACE 

The Oikonomou11 study evaluated the predictive performance of CaRi-Heart® Risk, with cardiac 

mortality with 8 years as the dependent variable. The study did not assess the ability of CaRi-Heart® 

Risk to predict other outcomes of clinical interest (e.g. MACE or any of the individual components of 

MACE, such as stroke, MI, heart failure, or cardiac hospitalisation).11   

We did not identify any other studies that assessed the prognostic performance of CaRi-Heart® Risk 

for any dependent variable. 

4.4 What is the prevalence of ‘low’, ‘medium’ and ‘high’ CaRi-Heart® Risk in people with no 

evidence of CAD, people with evidence of non-obstructive CAD and people with evidence 

of obstructive CAD, based on currently available CTCA imaging? 

We did not identify any studies that reported the prevalence of ‘low’, ‘medium’ and ‘high’ CaRi-

Heart® Risk scores for people in the specified subgroups (no evidence of CAD, people with evidence 

of non-obstructive CAD and people with evidence of obstructive CAD) based on findings on 

conventional CTCA imaging. However, the Oikonomou study11 reported information about the 

numbers of patients in various CaRi-Heart® Risk categories versus clinical risk categories. These data 

allowed calculation of the prevalence of ‘low’, ‘medium’ and ‘high’ CaRi-Heart® Risk scores in the 

overall study population. 

The prevalence of ‘low’ (<5%) CaRi-Heart® Risk score was 3060/3912 (78.2%) for the whole study 

population, 1,415/2,040 (69.4%) for the training/development cohort, and 1,645/1,872 (87.9%) for 

the validation cohort. 

The prevalence of ‘medium’ (5% to 10%) CaRi-Heart® Risk score was 423/3,912 (10.8%) for the 

whole study population, 302/2,040 (14.8%) for the training/development cohort, and 121/1,872 

(6.5%) for the validation cohort. 

The prevalence of ‘high’ (>10%) CaRi-Heart® Risk score was 429/3,912 (11.0%) for the whole study 

population, 323/2,040 (15.8%) for the training/development cohort, and 106/1,872 (5.7%) for the 

validation cohort. 

Table 10 shows the rates of reclassification, upwards and downwards, using CaRi-Heart® Risk score, 

compared to a risk score derived from the baseline clinical risk model (age, sex, hypertension, 

hypercholesterolaemia, diabetes mellitus and smoking). Data are reported separately for the 

training/development and validation cohorts. 
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Table 10:  Reclassification of risk using CaRi-Heart® Risk score 

Cohort analysed Clinical risk 
model 

CaRi-Heart® Risk model 

<5% 5% to 
10% 

>10% 

Training/Development (USA) cohort, 
n=2,040 

<5% 1,230/2,040  
(60.3%) 

107/2,040  
(5.2%) 

17/2,040  
(0.8%) 

5% to 10% 167/2,040  
(8.2%) 

138/2,040  
(6.8%) 

96/2,040  
(4.7%) 

>10% 18/2,040  
(0.9%) 

57/2,040  
(2.8%) 

210/2,040  
(10.3%) 

Validation (Germany) cohort, n=1,872 <5% 1,595/1,872  
(85.2%) 

81/1,872  
(4.3%) 

36/1,872  
(1.9%) 

5% to 10% 44/1,872  
(2.4%) 

28/1,872  
(1.5%) 

38/1,872  
(2.0%) 

>10% 6/1,872  
(0.3%) 

12/1,872  
(0.6%) 

32/1,872  
(1.7%) 

USA: United States of America 

Overall, 242/2,040 (11.9%) of patients in the training/development cohort and 62/1,872 (3.3%) of 

patients in the validation cohort were reclassified to a lower risk category when cardiac risk was 

assessed using the CaRi-Heart® Risk model, compared to the baseline clinical risk model. Conversely, 

220/2,040 (10.8%) of patients in the training/development cohort and 155/1,872 (8.3%) of patients 

in the validation cohort were reclassified to a higher risk category when cardiac risk was assessed 

using the CaRi-Heart® Risk model, compared to the baseline clinical risk model. The rate of 

reclassification from ‘low’ (<5%) to ‘high’ (>10%) risk was 17/1,354 (1.3%) in the 

training/development cohort and 36/1,712 (2.1%) in the validation cohort. 

4.5 What are the clinical effects of using CaRi-Heart® to assess cardiac risk? 

What are the clinical effects of any changes to treatment, based on CaRi-Heart® Risk, in people with 

no evidence of CAD, people with evidence of non-obstructive CAD and people with evidence of 

obstructive CAD, based on currently available CTCA imaging? 

We did not identify any studies that assessed the clinical effects of any changes to treatment, based 

on CaRi-Heart® Risk, either for the whole population or for any of the subgroups of interest (people 

with no evidence of CAD, people with evidence of non-obstructive CAD and people with evidence of 

obstructive CAD, based on currently available CTCA imaging). 

How does CaRi-Heart® Risk affect treatment decisions and patient adherence in people with no 

evidence of CAD, people with evidence of non-obstructive CAD and people with evidence of 

obstructive CAD, based on currently available CTCA imaging? 

We did not identify any studies that assessed whether and how the availability of a CaRi-Heart® Risk 

score might affect treatment decisions or people’s willingness to take medication, either for the 
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whole population or for any of the subgroups of interest (people with no evidence of CAD, people 

with evidence of non-obstructive CAD and people with evidence of obstructive CAD, based on 

currently available CTCA imaging). 

4.6 What are the costs, from a UK NHS and PPS perspective, of using CaRi-Heart®, as an 

adjunctive investigation for assessment of cardiac risk, in people with stable chest pain, 

who are undergoing CTCA? 

We did not identify any studies that reported information of the costs, from a UK NHS and PPS 

perspective or any other perspective, of using CaRi-Heart®, as an adjunctive investigation for 

assessment of cardiac risk, in people with stable chest pain, who are undergoing CTCA. 

Caristo Diagnostics provided the following response, regarding costs, to the NICE request for 

information:76 

‘The price of CaRi-Heart® technology per CTCA scan of a patient to the NHS is yet to be specified but 

it will cover the costs of: 

• performing the AI-based analysis, 

• providing the CaRi-Heart® report to the clinicians, 

• training the clinicians to interpret the CaRi-Heart® report (minimal, as the main outputs are 

relative and absolute CV risk which are outputs familiar to all cardiologists as it is a metric 

provided by other prognostic risk assessment tools (e.g., QRisk, ESC-SCORE). The CTCA scan 

itself is already being performed as part of clinical practice and NICE guidelines; CaRi-Heart® 

simply provides additional information to enhance risk stratification in patients. 

No further direct costs are expected from the adoption of the CaRi-Heart® technology to the NHS. 

However, we will test this expectation in the NHS AI award evaluation.  

The downstream costs of the clinical action taken as a result of the CaRi-Heart® technology (e.g., 

further investigations or initiation of clinical management if the CaRi-Heart® risk of a patient is high) 

will be included in the economic evaluation of CaRi-Heart® and will be compared with the respective 

costs of care as usual (e.g., downstream costs without CaRi-Heart® analysis).’ 

Caristo Diagnostics provided the following additional response, regarding costs, to NICE, following 

submission of our draft report: 

‘CaRi-Heart® analysis is currently available in the private sector at a price of £495 per case.  It is 

Caristo’s intention to offer the analysis to the NHS at a discounted price. This will be determined by 

the ongoing health economic work that is currently being conducted by the Department of 
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Epidemiology and Public Health at the University of Oxford. 

**********************************************************************************

*******************************************.’ 
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5. EXPLORATION OF INTERVENTION TECHNOLOGY-SPECIFIC PARAMETERS   

Pragmatic exploration of the literature, to inform parameterisation, is part of the process of 

developing a full, executable cost effectiveness model. This process is used to inform those 

parameters that fall outside the scope of the clinical effectiveness systematic review; it is designed 

to identify studies that can be used to support the development of a health economic model and to 

estimate the model input parameters, but not to perform a systematic review or define evidence 

gaps. 

When developing cost effectiveness models for diagnostic technologies, using a ‘linked evidence’ 

approach, the additional parameters required can be broadly classified into two groups: 

 

1. Those which relate to the mapping of the disease state, and which are not specific to the 

diagnostic technology being assessed (e.g., utilities, effects of current treatments) 

2. Those which are specific to the diagnostic technology being assessed (e.g., costs, effects of 

any new treatments that may be introduced as a result of information provided by the 

diagnostic technology) 

There will usually, though not always, be evidence available to inform group 1 parameters. When 

assessing a new diagnostic technology, evidence gaps are more likely in respect of group 2 

parameters. 

Development and parameterisation of a full, executable cost effectiveness model is outside the 

scope of an EVA, as currently defined. However, in order to provide as much information as possible 

about those areas where evidence gaps are most likely, this EVA has included a pragmatic 

exploration of some group 2 parameters. The following group 2 parameters were specified in our 

protocol:77 

• Exploration of evidence about the link between FAI and adverse cardiac events 

• Exploration of evidence about the efficacy of treatments (e.g., colchicine) which target 

coronary artery inflammation (e.g., as indicated by FAI) and which are not currently part of 

standard care for the treatment or prevention of CAD 

• Exploration of evidence about the effects of changing or introducing treatments which are 

currently part of standard care for the treatment or prevention of CAD (e.g., statins) based 

on measures of coronary artery inflammation (e.g., FAI) 
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As a result of discussions that informed the development of the conceptual cost effectiveness 

model, we also sought information about the efficacy of statins for secondary prevention of adverse 

cardiac outcomes, conditional upon baseline risk category. 

It should be noted that this Section of the EVA has been informed by pragmatic searching and 

cannot be used to make definitive statements about evidence gaps. 

5.1 Search strategy 

Two sets of focused literature searches were performed to inform this Section of the EVA. These 

searches were conducted separately from the main searches used to inform the rapid review 

described in Section 3. The main searches, described in Section 3.1, included terms for FAI and were 

used to identify the studies described in Section 5.2. Searches, to identify the studies described in 

Sections 5.3 and 5.4, were conducted in Embase (Ovid) and KSR 

Evidence (https://ksrevidence.com/), from inception to October 2022; no language restrictions were 

applied. Full search strategies are provided in Appendix 1. 

5.2 Exploration of evidence about the link between FAI and cardiac events 

The scope for this EVA did not include any alternative technologies to the CaRi-Heart® device.1 

During scoping discussions for this topic, the question was raised as to whether FAI 

measurement (without the use of the CaRi-Heart® device) should be considered as an alternative 

technology. This question arose because FAI has been presented as the unique feature of the CaRi-

Heart® device.12 In addition, analysis of data from the CRISP-CT study,10 which preceded the 

development and validation study for the CaRi-Heart® Risk model11 and which assessed the ability of 

FAI to predict clinical outcomes, concluded that FAI is independently predictive of cardiac mortality 

‘over and above current state-of-the-art assessment in coronary CTA.’10 The FAI was not considered 

to be an alternative technology for this EVA because no commercially available method of 

measurement (other than the CaRi-Heart® device) was identified.1   

In order to inform possible future reconsideration of the FAI as a potential alternative technology, 

our protocol for this EVA77 included exploratory searches to identify evidence about the link 

between FAI and adverse cardiac events (e.g. MACE, MI, stroke) in addition to the reported evidence 

about the link with cardiac mortality.10 The summary provided below focuses on systematic review 

evidence. 

Two potentially relevant systematic reviews were identified, Kato 202248 and Antonopoulos 202225 It 

should be note that Antonopoulos 202225 included studies with a range of different populations (e.g. 

general population, chronic kidney disease) and was not limited to people undergoing CTCA for 

https://ksrevidence.com/
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suspected CAD, and Kato 202248 included four studies conducted in people with suspected CAD and 

one study that was conducted in people with end-stage renal disease. Both of these systematic 

reviews included the CRISP-CT study.10 

Kato 202248 included five studies looking at the ability of the FAI to predict adverse cardiac events. 

The adverse cardiac events varied by study:  cardiac mortality in one study, major adverse cardiac 

events in three studies and all-cause mortality in the other study. These were combined as a single 

outcome: adverse cardiac events. The ‘predictive ability’ of FAI was quantified by the HR a:b, where a 

= the hazard of an adverse cardiac event for people with FAI values above a cut-off value, and b = 

the hazard of an adverse cardiac event for people with FAI values below that cut-off value. Kato 

202248 did not specify the cut-off value but appears to have included all cut-off values reported by 

included primary studies. Higher FAI was reported to be predictive of adverse cardiac events, when 

the FAI was measured in the RCA, HR 2.15 (95% CI: 1.67 to 2.77), and the LAD, HR 2.09 (95% CI: 1.63 

to 2.68), with a borderline statistically significant effect for measurement in the LCX, HR 1.30 (95% 

CI: 1.00 to 1.70).48 When using the coronary artery with the highest ‘predictive’ value within each 

study, the summary estimate of the ‘predictive ability’ of higher FAI was reported as HR 2.23 (95% CI: 

1.80 to 2.77).48 These results indicate a positive association between FAI and risk of adverse cardiac 

events.  

Antonopoulos 202225 included 39 studies that evaluated the association between various 

biomarkers of vascular inflammation (c-reactive protein (CRP), interleukin-6 (IL-6)/tumour necrosis 

factor-alpha (TNF-a), arterial positron emission tomography (PET)/computed tomography (CT) and 

CT angiography-derived biomarkers of vascular inflammation, including anatomical high-risk plaque 

features and perivascular fat imaging) on cardiac events. The results pertaining to CT angiography-

derived biomarkers of vascular inflammation (CT-PVAT) are included here, since this is analogous to 

the measure of FAI. The CT-PVAT, which was used in three large studies (n=5,507), showed a good 

accuracy for prediction of the composite outcome of MACE and all-cause mortality across different 

CT-PVAT thresholds, as measured by the median C-Index of 0.880 (range 0.838 to 0.962). Of all the 

biomarkers used, CT-PVAT had the highest added prognostic value (above coronary atherosclerosis 

extent) for MACE and all-cause mortality, %Δ c-index 8.2 (95% CI: 4.0 to 12.5). The results of 

regression analysis indicated that predictive effects were independent of potential confounders such 

as study size, follow-up, population event incidence, performance of the baseline model, and 

statistical adjustment.  
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The ROBIS evaluations, for these two systematic reviews are provided in Table 11 and supporting 

information for these assessments is provided in Appendix 4. The findings from these reviews should 

be interpreted with consideration to the results of the ROBIS assessments.  

Although systematic reviews were preferentially included in this pragmatic exploration of evidence, 

relevant primary prognostic studies were also considered if they were not included in any identifies 

systematic review. The only such study was Chatterjee 202236 which involved 381 stable patients 

undergoing ICA. Pericoronary adipose tissue attenuation (PCAT) measurements were made, which 

are a type of FAI. The PCAT values in the RCA, the LAD and LCX were each reported to have poor 

ability to predict MACE (HRs of 0.96 (95% CI: 0.75 to 1.22), 1.31 (95% CI: 0.96 to 1.78), and 0.98 (95% 

CI: 0.78 to 1.22) respectively). For the prediction of the composite outcome of death, stroke or MI, 

HRs of 0.68 (95% CI: 0.44 to 1.07), 0.85 (95% CI: 0.56 to 1.29), and 0.57 (95% CI: 0.41 to 0.80) were 

recorded for PCAT measurements in the RCA, LAD and LCX, respectively. The authors suggested that 

results in this study were less favourable than previous findings because of more severe disease. This 

could indicate that FAI measures may be most useful in low to intermediate risk patients.  

Evaluation of the Chatterjee 202236 study with the Qualitative Impact Assessment Protocol (QUIP) 

tool indicated that this study had low risk of bias for the domains of study participants, study 

attrition, prognostic factor measurement, outcome measurement, study confounding and statistical 

analysis and reporting, yielding an overall rating of low risk of bias (see Appendix 5).  

In summary, the evidence presented in this Section is broadly supportive of a positive relationship 

between FAI and risk of adverse coronary events and hence of the future inclusion of FAI as an 

alternative technology (in evaluations of the CaRi-Heart® device) should a method of measurement 

become commercially available in the UK NHS. 

Table 11: ROBIS assessment of systematic reviews assessing the link between FAI and cardiac 
events 

Paper Study 
eligibility 
criteria 

Identification 
and selection 
of studies 

Data 
collection and 
study 
appraisal 

Synthesis 
and 
findings 

Overall rating 
of risk of bias 

Kato 202248 High 
concerns 

High 
concerns 

High concerns High 
concerns 

High risk of 
bias 

Antonopoulos 202225 Low 
concerns 

High 
concerns 

High concerns High 
concerns 

High risk of 
bias 

FAI: fat attenuation index 
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5.3 Exploration of evidence about the efficacy of treatments which target coronary artery 

inflammation and which are not currently part of standard care for the treatment or prevention of 

CAD 

Information about the effects of potential CAD treatments (e.g., colchicine) which target coronary 

artery inflammation, and which are not currently part of standard care, and which may be 

introduced as a result of assessment using CaRi-Heart® Risk, is important to inform full cost 

effectiveness modelling. The ideal source of such information would be studies where the efficacy of 

such treatments is tested in populations selected using CaRi-Heart® Risk, or by measurements of 

coronary inflammation such as FAI. Such studies could provide an indication of the potential for 

assessment using CaRi-Heart® Risk to inform treatment changes that could improve clinical 

outcomes. Analyses stratified by levels of coronary inflammation could be used to inform 

considerations of optimal treatment targeting. Unfortunately, exploratory searches did not identify 

any studies of colchicine efficacy, where participants were selected by any measures of coronary 

inflammation.  

The following text provides a summary of recent systematic reviews, which have assessed the 

efficacy of colchicine for secondary prevention of adverse cardiac events in unselected patients with 

CAD and which also reported the intermediate outcomes of inflammatory markers. These studies 

provide an indication of the general efficacy of colchicine in the population of interest, but do not 

provide any indication of the efficacy of targeting colchicine treatment using CaRi-Heart® Risk or 

separate measures of coronary inflammation, such as FAI. It should also be noted that colchicine is 

not currently recommended by NICE, or licensed in the UK, for this indication. 

Colchicine is an anti-inflammatory drug that has been repurposed from a gout treatment to a 

treatment for CAD. Our pragmatic literature searches identified 27 systematic reviews, which 

evaluated the effects of colchicine in patients with CAD78-104 The findings of these systematic reviews 

indicated a consistent benefit of colchicine for secondary prevention of all outcomes assessed, with 

the exception of all-cause mortality and cardiac mortality. In general, results also indicated that 

colchicine treatment was associated with an increase in gastrointestinal symptoms such as 

diarrhoea, however, these effects tended to be reversible and non-serious. As colchicine is an anti-

inflammatory agent it has been assumed that its beneficial effects on cardiac outcomes are at least 

partially mediated by its anti-inflammatory effects. However, this assumption may require further 

objective evaluation. Additionally, it is unclear whether any anti-inflammatory effect is specific to 

the coronary arteries or part of a more systemic effect. Only one of the systematic reviews 

identified, Bytyci 2022,79 evaluated the effects of colchicine on intermediate 
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outcomes (inflammatory markers), as well as clinical outcomes, and this review is summarised 

below. 

Bytyci 202279 included 12 randomised controlled trials (RCTs), comprising 13,073 patients with CAD, 

with a mean follow-up of 22.5 months. Random-effects meta-analyses indicated that colchicine 

treatment was associated with reduced risks (compared to control) for recurrent MI, risk ratio (RR) 

0.78 (95% CI: 0.65 to 0.93), stroke RR 0.47 (95% CI: 0.29 to 0.76), hospitalisation RR 0.32 (95% CI: 

0.12 to 0.87), and MACE RR 0.67 (95% CI: 0.55 to 0.83). However, the results of meta-analyses 

indicated that colchicine (compared to control) had no effect on all-cause mortality RR 1.05 (95% CI: 

0.71 to 1.53) or cardiovascular mortality RR 0.75 (95% CI: 0.40 to 1.43). Colchicine treatment was 

also associated with an increase in the risk of gastrointestinal symptoms RR 1.49 (95% CI: 1.02 to 

2.18), but other adverse effects were not demonstrably different between colchicine and control 

arms. These clinical findings were typical of most of the other 26 systematic literature reviews (SLRs) 

included in this review. In addition, Bytyci 202279 evaluated effects on four inflammatory marker 

outcomes: hs-CRP, IL-6, IL-β1 and IL-18. The FAI was not measured. At a mean follow-up of 19 days, 

there was a mean difference of -1 (P = .001) between colchicine and control groups in change of hs-

CRP and a mean difference of -3.84 (P = .001) between colchicine and control groups in change of IL-

6. However, there were no significant differences observed between colchicine and control for IL-β1 

and IL-18. Unfortunately, these inflammatory outcomes were not meta-analysed in a conventional 

way, as the mean difference in outcome between arms was not used as the measure of effect. 

Instead, the within-arm ‘before to after’ change was meta-analysed for each arm separately, and the 

effect in each arm was presented (the mean differences given above were calculated by the authors 

of the report).79  A ROBIS evaluation of this systematic review led to a rating of low risk of bias, and is 

summarised in Table 12 with details of supporting information provided in Appendix 4.  

Taken at face value these results do support the notion that colchicine may reduce some 

inflammatory markers. However, this is unsurprising, given that colchicine is an anti-inflammatory 

drug. Therefore, these results do not, in themselves provide unequivocal evidence that colchicine 

exerts its clinical effects on CAD outcomes via an anti-inflammatory mechanism. In addition, this 

study does not provide any information about whether any anti-inflammatory effects were specific 

to the coronary arteries or more systemic. Further studies looking at the differing strength of 

associations between clinical effects and both local and systemic measures of inflammation may be 

informative. 

In summary, the evidence identified supports the efficacy of colchicine for secondary prevention of 

adverse cardiac events in unselected patients with CAD but does not provide unequivocal evidence 
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about the mechanism by which this effect is mediated. Importantly, for the aims of this EVA, the 

evidence identified does not provide any indication of the efficacy of targeting colchicine treatment 

using CaRi-Heart® Risk or separate measures of coronary inflammation, such as FAI. Our searches 

have identified a small (n=40), ongoing randomised, placebo controlled trial (NCT05347316),105 with 

the potential to inform this question. The study aims to assess the effects of colchicine treatment on 

FAI (primary outcome), and all-cause mortality, cardiovascular mortality, AMI, stoke and need for 

revascularisation (secondary outcomes).105 It is being conducted in adults undergoing CTCA, who 

have non-calcified or mixed coronary plaques and FAI values >-70.1 HU.105 

Table 12: ROBIS assessment of systematic reviews assessing the efficacy of colchicine for the 
treatment of patients with CAD 

Paper Study 
eligibility 
criteria 

Identification 
and selection 
of studies 

Data 
collection and 
study 
appraisal 

Synthesis 
and findings 

Overall rating 
of risk of bias 

Bytyci 202279 Low concerns Low concerns Low concerns Unclear  Low risk of bias 

CAD: coronary artery disease 

 

5.4 Exploration of evidence about the effects of changing or introducing treatments which are 

currently part of standard care for the treatment or prevention of CAD (e.g., statins) based 

on measures of coronary artery inflammation (e.g., FAI) 

Information about the effects of changing or introducing treatments, which are currently part of 

standard care for the treatment or prevention of CAD (e.g., statins), based on measures of coronary 

artery inflammation was identified, a priori, as being potentially important to inform modelling. A 

pragmatic exploration of the evidence was included in our protocol for this EVA.77 As a result of 

discussions that informed the development of the conceptual cost effectiveness model, we also 

sought information about the efficacy of statins for secondary prevention of adverse cardiac 

outcomes, conditional upon baseline risk category. 

The optimum evidence, to inform this EVA, would include studies assessing the efficacy of statins, 

where participants are stratified by CaRi-Heart® Risk or by baseline levels of coronary 

inflammation (e.g., measured by FAI). Such studies could inform consideration of how risk 

assessment, based on or including measures of coronary inflammation, could be used to select those 

patients most likely to benefit from treatment. A further important consideration for this 

assessment is the efficacy of any changes to the dose of existing statin treatment, based on CaRi-

Heart® Risk or, alternatively, on any assessment of coronary artery inflammation. Exploratory 

searches did not identify any studies about the effects of introducing or changing statin treatment, 
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based on any measure of coronary artery inflammation or any risk assessment that included a 

measure of coronary artery inflammation. 

The following text describes studies which information about the efficacy of statins for secondary 

prevention of adverse cardiac outcomes, are conditional upon baseline risk category. We did not 

identify any studies that provided information about the effects of changing statin treatment (e.g., 

different doses) based on any method of risk assessment. 

Two systematic reviews from the Cholesterol Treatment Trialists’ (CTT) Collaboration were 

identified, Fulcher 2015106, Mihaylova 2012107 which both used individual patient data (IPD) from the 

same 27 RCTs. The reporting of these studies focused on meta-analyses of efficacy, stratified by 

gender, but results were also reported for efficacy stratified by baseline cardiovascular risk. The 27 

included RCTs investigated the effects of statins on major vascular events (MVEs),106, 107 any vascular 

death107 and non-vascular death.107 Twenty-two of the included trials evaluated statins versus no 

statins (n=134,537) and five trials evaluated higher doses of statins versus lower doses (n=39,612). 

However, in the reported meta-analyses, studies were pooled as higher dose statin or lower dose 

statin versus lower dose statin or control. In the meta-analyses the benefit of statins was measured 

by the event rate ratio (denoted as ‘RR’ in both papers). The ratio of the event rates of the chosen 

cardiovascular outcome was between the statins/more statins arm and the no statins/less statins 

arm. A RR value of <1 would therefore denote a benefit for statins. The event RR was normalised to 

the reduction in low-density lipoprotein (LDL) cholesterol effected by treatment and was expressed 

as the event RR per 1 mmol/L reduction in LDL cholesterol.  

Fulcher 2015106 and Mihaylova 2012107 reported that the benefit of statins in terms of MVEs was 

very similar for participants at >10% to <20% baseline 5-year MVE risk RR 0.79 (95% CI: 0.75 to 0.84), 

>20% to <30% baseline 5-year MVE risk RR 0.81 (95% CI: 0.78 to 0.85) and >30% baseline 5-year MVE 

risk RR 0.79 (95% CI: 0.75 to 0.83). However, for participants at the lowest level of risk (<10% 

baseline 5-year MVE risk), the benefit of statins was greater RR 0.68 (05% CI: 0.62 to 0.74).  

Mihaylova 2012107 analysed the effects on any vascular death and non-vascular death in the same 

way. Using a Cox regression model, the rate ratio (RR) for any vascular death was reported to be 

very similar across all levels of baseline 5-year MVE risk. At <5% baseline 5-year MVE risk, the RR was 

0.87 (95% CI: 0.58 to 1.31), and it was similar at >5% to <10% baseline 5-year MVE risk RR: 0.92 (95% 

CI: 0.74 to 1.13), >10% to <20% baseline 5-year MVE risk RR: 0.88 (95% CI: 0.79 to 0.97), >20% to 

<30% MVE RR: 0.88 (95% CI: 0.81 to 0.96) and >30% baseline 5-year MVE risk RR: 0.87 (95% CI: 0.80 

to 0.95). For the outcome of non-vascular death, Mihaylova 2012107 reported some differences 
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between baseline risk levels in the benefits of statins. At <5% 5-year MVE risk, the RR was 1.16 (95% 

CI: 0.80 to 1.68), which was different to effects at >5% to <10% baseline 5-year MVE risk RR 0.88 

(95% CI: 0.71 to 1.09), >10% to <20% baseline 5-year MVE risk RR 0.94 (95% CI: 0.83 to 1.07), >20% 

to <30% baseline 5-year MVE risk RR 1.00 (95% CI: 0.89 to 1.13) and >30% baseline 5-year MVE risk 

RR 0.96 (95% CI: 0.83 to 1.10). Although there is a weak signal suggesting lower efficacy of statins in 

preventing non-vascular death in people at the lowest level of baseline risk, the imprecision of the 

estimates at all levels of risk needs to be considered when interpreting these figures.  

Taken at face value, these results suggest that people at all levels of baseline cardiovascular risk may 

experience a benefit from statins in terms of a reduction in event rate of MVEs and any vascular 

death. For MVEs, whilst this benefit does not depend on the level of risk when risk is moderate or 

high, the benefit may actually increase at the lowest levels of risk. The findings for the outcome of 

non-vascular death do suggest that there could be a tendency for people at the lowest levels of risk 

to have a relatively reduced benefit from statins, but there is much uncertainty in these findings. In 

particular, it is important to note that the level of uncertainty in the non-vascular death analysis is 

consistent with no benefit at all risk levels. Taken together, these results suggest that knowledge of 

baseline risk may not be helpful in determining those who will benefit best from statins therapy, 

because the level of benefit does not appear to have a strong relationship with baseline risk. 

The ROBIS evaluation of both systematic reviews led to a rating of high risk of bias, see Table 13; full 

details of supporting information are provided in Appendix 4. Interpretation of the findings from 

these reviews should consider the results of ROBIS assessment. A key concern, with respect to the 

meta-analyses presented in both studies, arises from the normalisation of the event RR of the 

cardiac outcome to a unit reduction in LDL. This methodology is surprising, as it would be expected 

that the absolute level of LDL reduction would drive the magnitude of clinical effects. Therefore, 

because statins principally work by reducing LDL levels, normalising to LDL reduction may ‘adjust 

out’ the clinical effects of interest. It is perhaps surprising that there was any difference in effect 

noted between statins and no-statins arms when such a normalisation was applied.  This anomaly in 

the methodology calls into question the validity of findings in these studies. In fact, it may explain 

the tendency for no difference in apparent efficacy at different risk levels. At a low risk level there 

may be lower levels of LDL and so smaller absolute drops in LDL with statins treatment. These 

smaller drops are likely to lead to a smaller difference in the unadjusted risk of cardiac events 

between statins and no statins groups. At a higher risk level there may be higher levels of LDL and so 

there is the potential for larger drops in LDL with statins treatment. These greater drops are likely to 

lead to a greater difference in the risk of unadjusted cardiac events between statins and no statins 
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groups. Taken together, these unadjusted observations lead to the conclusion that the higher risk 

group benefit more from statins, which is probably the empirical information that clinicians require. 

However, if the risk of the outcome is normalised to the reductions in LDL, then this effect may be 

‘adjusted out’, leaving the impression that statins work equally well across all risk levels.   

In summary, there remains some uncertainty about whether and to what extent the efficacy of 

statins, for the secondary prevention of MACE in people with CAD, may vary with baseline risk 

assessed using currently available methods. In addition, there is currently no information about the 

effects introducing statin treatment or changing the dose of existing statin treatment, based on 

CaRi-Heart® Risk or on any assessment of coronary artery inflammation. 

Table 13:  ROBIS assessment of systematic reviews assessing the efficacy of statins for the 
treatment of patients with CAD, stratified by baseline risk of MVE 

Paper Study 
eligibility 
criteria 

Identification 
and selection 
of studies 

Data 
collection and 
study 
appraisal 

Synthesis and 
findings 

Overall 
rating of 
risk of 
bias 

Fulcher 2015106  High concerns High concerns High concerns High concerns High risk 
of bias 

Mihaylova 2012107 High concerns High concerns High concerns High concerns High risk 
of bias 

CAD: coronary artery disease; MVE: major vascular event 
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6. CONCEPTUAL MODELLING 

This Section describes a conceptual decision analytic model that could be used to inform an EVA of 

the cost effectiveness of CaRi-Heart® in addition to CTCA in patients with stable, recent onset chest 

pain, of suspected cardiac origin, who are undergoing CTCA, in line with NICE guideline CG95.4 The 

comparator technology is the current standard of care, which is CTCA without the addition of CaRi-

Heart®. 

6.1 Review of existing economic models 

We did not identify any completed economic model exploring the cost effectiveness of using CaRi-

Heart®, as an adjunctive investigation for assessment of cardiac risk, in people with stable chest 

pain, who are undergoing CTCA. However, we did identify that a model was in development by a 

team based in University of Oxford, led by Apostolos Tsiachristas, Associate Professor of Health 

Economics (see Appendix 3). To the best of our knowledge, the Oxford model is the only one in 

development. Although the time frame for this EVA precludes the full construction and reporting of 

the Oxford model, aspects of it and how the EVA has contributed to its parameterisation are 

described below. The conceptual model described below is not the Oxford model. 

6.2 De novo conceptual model 

6.2.1 Model structure 

A combination of a short-term diagnostic model component (e.g., decision tree) and a long-term 

model component that evaluated the downstream consequences (e.g., decision tree or cohort state-

transition model) is anticipated to capture the diagnosis and the progression of CAD, respectively. 

The model begins with a patient population with stable, recent onset chest pain, of suspected 

cardiac origin, who are referred for CTCA. The alternatives that will be compared for this cohort are 

1) CTCA only (the comparator) and 2) CTCA plus CaRi-Heart®. If other competing alternatives are 

identified, those could be added to the model, provided that there is sufficient available evidence. 

The following is a brief description of a potential model structure and its implications for 

parameterisation (e.g., baseline risks, treatments effects, etc). 

Short-term model (diagnostic decision tree) 

The first part of the model is a short-term decision tree that is used to simulate the risk assessment 

part of the strategies. The time horizon for this part of the model should reflect the duration of the 

diagnostic phase in clinical practice. 
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In the comparator strategy (CTCA only) the patient population is diagnosed as either having 1) no 

CAD, 2) non-obstructive CAD or 3) obstructive CAD, with treatment determined by current practice 

(including any risk assessment).  

For the CaRi-Heart® strategy, the patient population is first diagnosed as either 1) no CAD, 2) non-

obstructive CAD or 3) obstructive CAD based on the CTCA results. Those diagnostic groups are in 

turn further split by the CaRi-Heart® information into groups of low, medium, or high CaRi-Heart® 

Risk. There could also be a group where CaRi-Heart® was not able to estimate the risk score; for 

those patients, only the CTCA results are available, and these results would be used to guide 

treatment. The risk group/health state of the patient determines the type of treatment/intervention 

that is offered to the patient. The consequences of treatment/intervention decisions will be 

considered in developing the structure of the long-term model. 

Note that it is assumed that CaRi-Heart® would have no influence on decisions regarding coronary 

intervention to decrease or remove any coronary artery obstruction. Instead, it is assumed that only 

decisions regarding risk reducing treatments with statins or possibly colchicine can be affected by 

the results of CaRi-Heart® Risk assessment. 

Long term model (alive, dead, with/out cardiac event)  

The aim of the long-term model will be to incorporate the effects of the potential treatment 

strategies (e.g., statins) that could be implemented, based on risk category. It should be noted that, 

in general, the CTCA procedure, with or without CaRi-Heart®, is not expected to be repeated over 

time. Therefore, it is anticipated that the model will assume that patients do not change CAD status 

after their initial diagnosis in the model.  

If the long-term model structure is implemented using a Markov model, a cycle length relevant to 

capture CAD events (e.g., 1 year, but to be defined based on the literature and/or clinical experts) 

should be used to simulate a cohort of patients through the model to observe relevant (CAD) events 

based on their associated risks. At each model cycle, patients are at risk of experiencing MACE. The 

economic analyses should be conducted from the perspective of the UK NHS and PSS. The model 

should have a lifetime time horizon, as CAD is a condition where the relevant outcomes are spread 

throughout the lifetime. Costs and quality-adjusted life years (QALYs) should be discounted at 3.5% 

per annum according to the NICE method guidance. Model assumptions and parameter values 

should reflect clinical practice as well as possible and must be supported by the literature whenever 

possible, or otherwise informed by expert opinion. 
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Main differences between the EVA conceptual model and the Oxford model 

Currently, the Oxford model consists of a decision-tree only with time horizon of 8 years. This was 

selected as the most appropriate choice given the available data. Also, as explained below, the 

Oxford model stratifies patients based on CaRi-Heart® Risk but not on CAD status. 

6.2.2 Input parameters 

A summary of the most relevant input parameters for the conceptual model is presented below. 

CTCA stratification 

In the comparator arm, the cohort is split according to the CTCA results in combination with other 

currently available methods. Thus, patients can be diagnosed as either having 1) no CAD, 2) non-

obstructive CAD or 3) obstructive CAD. The NICE guideline prohibits the use of a risk assessment tool 

for patients with CAD (categories 2 and 3) and clinical experts have indicated that treatment 

decisions are not made according to any risk assessment tool, but a composite of clinical 

information.  

For the CaRi-Heart® strategy, the initial diagnostic groups based on CTCA only would be in turn 

further split by the CaRi-Heart® information into groups of low, medium, or high CaRi-Heart® Risk.  

However, as noted in Section 4.4, no studies reporting the prevalence of ‘low’, ‘medium’ and ‘high’ 

CaRi-Heart® Risk scores for people in the specified subgroups (no evidence of CAD, people with 

evidence of non-obstructive CAD and people with evidence of obstructive CAD) based on findings on 

conventional CTCA imaging were identified. Therefore, a health economic model based on the 

clinical pathway depicted in Figure 2 could not be informed with the current available evidence. 

The Oikonomou 202111 study reported information about the numbers of patients in various CaRi-

Heart® Risk categories versus clinical risk categories. These data allowed calculation of the 

prevalence of ‘low’, ‘medium’ and ‘high’ CaRi-Heart® Risk scores in the overall study population. The 

Oxford model can make use of the proportion of patients reclassified between low, medium, and 

high-risk levels with CaRi-Heart®. The comparator arm in the Oxford model is either real-world 

practice or patient stratification based on their phenotyping, CTCA, and other risk scores such as 

QRISK3 or ESC risk. 

Treatment change 

In the comparator arm, given that current practice does not entail treatment according to any 

specific risk assessed by a risk assessment tool, the distribution of treatments would have to be 

according to clinical practice in the CTCA diagnostic categories. These data have been collected as 
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part of the NHS Artificial Intelligence (AI) award study,69 which will be instrumental in parameterising 

the Oxford model. 

In the intervention arm, treatment could be determined only by CaRi-Heart® Risk level. These risks 

could be stratified by CTCA categories. However, data by CTCA category are currently not available 

(see Section 4). Also, CaRi-Heart® does not currently included independent variables for CTCA 

findings and it seems unlikely that clinicians would use only CaRi-Heart® to determine risk reducing 

treatments. An alternative would be to mirror the approach for the comparator arm by estimating 

the treatment distribution, as described in Figure 2. These data have also been collected as part of 

the NHS AI award study,69 which will be instrumental in parameterising the Oxford model. 

It should also be noted that, as explained in Section 5.4, the current evidence available for the long-

term modelling suggests that there is uncertainty as to whether and to what extent the efficacy of 

statins, for the prevention of MACE in people with CAD, may vary with baseline risk assessed using 

currently available methods. Additionally, no information about the effects of introducing statin 

treatment or changing the dose of existing statin treatment, based on CaRi-Heart® Risk or on any 

assessment of coronary artery inflammation was identified. 

Utilities 

Utility values would be derived from literature sources to be incorporated in the economic model for 

the various health states to calculate QALYs. Quality-adjusted life years are calculated by multiplying 

the time patients spend in each health states by the associated utility.  

Disutilities would be subtracted from the QALY estimation to reflect a temporary reduction of the 

utility value in case of a clinical event. To assist the parameterisation of the Oxford model, pragmatic 

literature searches were conducted to identify utility values associated to MACE. These searches 

were conducted in KSR Evidence (https://ksrevidence.com/), from inception to October 2022. Full 

search strategies are provided in Appendix 1. 

As explained above, the search focused on systematic reviews, which were therefore the preferred 

source of utilities. When specific evidence gaps were identified (e.g., utilities for a certain event not 

reported), source papers (not systematic reviews) were pragmatically searched. A pragmatic 

approach was also taken to extract utilities from the selected papers. Only papers reporting the 

EuroQol-5 Dimension (EQ-5D) were included, other HRQoL measures were excluded. Studies in low 

and/or middle-income countries were excluded. Studies where the underlying condition was not 

cardiac were excluded too. No time filter was applied. An overview of the utilities for MACE reported 

by the included studies is presented in Appendix 7.  

https://ksrevidence.com/
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Resource use and costs 

Resource use and cost data should be specific to the UK setting. Fortunately, these data were 

collected for the Oxford model, as explained below. 

Resource use data were collected through the ORFAN 469 study, where individual level hospital 

records are available up to 8 years after initial cardiac risk assessment.108 When healthcare resource 

group codes were not available in the data, 2020/21 unit costs from the NHS National Cost 

Collection and the Personal Social Services Research Unit (PSSRU) Costs of Health and Social Care 

were used to value presentations to Accident and Emergency (A&E) departments, visits to 

outpatients cardiology clinics, diagnostic tests, day cases, and elective and non-elective admissions 

to hospital wards.109, 110 For costing non-invasive diagnostic tests, HRGs that were used in the HTA 

accompanying the updated NICE guidelines were considered. Following the structure of NHS 

reference costs, diagnostic imaging performed on the same day of cardiology outpatient visits were 

costed separately, while they were excluded from the costs of hospital admission to avoid double 

counting if they were performed during a hospital admission. All costs of diagnostic tests that did not 

take place during a hospital admission were grouped together. Hospital admissions were grouped 

into day cases, elective or non-elective short stay, non-elective long stay and costed based on the 

primary procedure provided using the respective unit costs. The length of hospital stay was used to 

determine short (i.e., less than 2 days) or long (i.e., 2 or more days) as well as excess bed days. 

Medication costs (e.g. cost of statin treatment) were derived from the British National Formulary 

(BNF).108 

Costs, including cardiologists’ time, and the implementation costs per CTCA were added to the price 

of a CaRi-Heart® analysis to estimate the total cost per CTCA of introducing CaRi-Heart® into the 

NHS. Average intervention costs to the NHS of adding CaRi-Heart® to CTCA per patient were 

calculated by multiplying the total minutes spent by the cardiologists in training to interpret CaRi-

Heart® analyses with their time’s unit cost and dividing it with the number of patients with a CaRi-

Heart® score. The time for delivering the interventions was derived from the NHS AI prospective 

study using a costing template. Average intervention costs were added to the NHS costs of all 

patients in the CaRi-Heart® branch of the short-term (decision tree) model. 

6.2.3 Model analysis and validation 

Standard cost effectiveness analysis, including scenario analyses on relevant assumptions, 

deterministic and probabilistic sensitivity analyses should be conducted. Validation should include all 

relevant aspects (conceptual model, input data, technical verification, and validation of model 
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outcomes) and could be guided by using the Assessment of the Validation Status of Health Economic 

(AdViSHE) and TECHnical VERification (TECH-VER)111, 112 health economic validation-specific tools. 
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7. DISCUSSION 

7.1 Statement of principal findings 

The rapid review component of this EVA identified a single study which evaluated the CaRi-Heart® 

device.11 This study reported the training/development and validation of the CaRi-Heart® Risk 

model.11 

The results of the included study indicate that CaRi-Heart® Risk is predictive of a patient’s absolute 

8-year risk of a fatal cardiac event, when applied in a population undergoing clinically indicated CTCA 

for the investigation of suspected CAD.11 The unadjusted HR per unit increase in CaRi-Heart® Risk, 

for 8-year cardiac death, in the model validation cohort, was 1.06 (95% CI: 1.04 to 1.08).11 The 

corresponding HR, adjusted for ‘traditional risk factors’ (smoking, hypercholesterolaemia, 

hypertension, diabetes mellitus, Duke index, presence of high risk plaque features and epicardial 

adipose tissue volume), was 1.04 (95% CI: 1.03 to 1.06).11 

With respect to the subgroups of interest, specified in the scope for this EVA,1 the predictive value of 

the CaRi-Heart® Risk model was consistent across patients with and without obstructive CAD.11 

Patients without obstructive CAD were defined as those with maximum stenosis from none to 50%, 

and no subgroup analysis was presented for patients with no evidence of CAD.11 

The results of the included study also indicated that the CaRi-Heart® Risk model showed improved 

risk discrimination, when compared to a baseline clinical risk model, which included age, sex, 

hypertension, hypercholesterolaemia, diabetes mellitus and smoking, (Δ C-statistic 0.149, p<0.001, 

in the validation cohort).11 This improved discrimination appeared to be retained when the extent of 

coronary atherosclerosis (indicated by the modified Duke CAD index) was added to the baseline 

clinical risk model, however, data for this comparison were only presented for the 

training/development and validation cohorts combined.11 

The included study also reported data that allowed the calculation of the prevalence of ‘low’ (<5%), 

‘medium’ (5 to 10%) and ‘high’ (>10%) CaRi-Heart® Risk scores, for the whole study population. The 

majority of the included participants, 3,060/3,912 (78.2%), were in the ‘low’ (<5%) CaRi-Heart® Risk 

category.11 Prevalence information was not available for the subgroups of clinical interest,1 

subgroups (no evidence of CAD, people with evidence of non-obstructive CAD and people with 

evidence of obstructive CAD) based on findings on conventional CTCA imaging. The source table 

from which these prevalence estimates were calculated11 presented rates of reclassification (change 

of risk category) when patients were assessed using CaRi-Heart® Risk, compared to a baseline clinical 
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risk model comprising age, sex, hypertension, hypercholesterolaemia, diabetes mellitus, and 

smoking. Considering the whole study population, this comparison (see Table 10) appears to indicate 

that the use of CaRi-Heart® Risk could result in approximately 10% of patients being reclassified to a 

higher risk group and approximately 1.4% of patients being reclassified from the low risk (<5%) to 

the high risk (>10%) group. However, these data have important limitations (see Section 7.2). 

Our rapid review did not identify any studies, published or unpublished, that provided information 

about:  

• the clinical effects of any changes to treatment, based on CaRi-Heart® Risk 

• whether and how the availability of a CaRi-Heart® Risk score might affect treatment 

decisions or people’s willingness to take medication 

• the costs, from a UK NHS and PSS perspective or any other perspective, of using CaRi-Heart®, 

as an adjunctive investigation for assessment of cardiac risk, in people with stable chest 

pain, who are undergoing CTCA 

7.2 Strengths and limitations 

Strengths and limitations of the methods used in this EVA 

This report describes the findings of an assessment, which was conducted as part of a NICE EVA 

pilot. The EVA process has been introduced to provide an assessment route for new diagnostic 

technologies, where the evidence base is, as yet, underdeveloped. This process is intended to be 

applied where topic scoping has indicated that there is not sufficient evidence to inform a full 

Diagnostic Assessment Report (DAR) and to support the development of a cost effectiveness 

model(s). The use of an EVA approach acknowledges that there is currently insufficient evidence to 

inform decision making about routine use in UK NHS clinical practice. The stated aim of the EVA 

process is to: ‘Actively draw in medical devices, diagnostics and digital products that address 

national unmet needs, and to provide quicker assessments of early value to identify the most 

promising technologies, conditional on further evidence generation.113 The methodological 

approaches and processes of an EVA are being developed, iteratively, during the pilot period. 

The potential benefits, as indicated by NICE, of using an EVA process to assess new technologies 

are:113 

• ‘Quicker early value signals to the health and care system on promising medical technologies 

that address national unmet need’ 

• ‘Better evidence to inform clinical and long-term commissioning decisions’ 

• ‘Earlier access for patients’ 
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• ‘Clearer pathway to market access for industry’ 

• ‘Collective contributions to system wide productivity and efficiency’ 

The EVA process, as implemented in this assessment, comprised a rapid review of the evidence 

about the prognostic performance, clinical effects and costs of using the CaRi-Heart® device, as an 

adjunctive investigation for assessment of cardiac risk, in people with stable chest pain/suspected 

CAD, who are undergoing CTCA. The rapid review followed standard methods, described in Section 3 

of this report. 

The decision problem, for this assessment, was defined using the same process of scoping, expert 

and public consultation, and iterative drafting that would be used for a full Diagnostic Assessment; 

the decision problem, defined by this process, has informed our recommendations for research 

needed to inform a full Diagnostic Assessment (Section 8.2). 

Our rapid review used the same comprehensive approach to literature searching that would be used 

for a full Diagnostic Assessment. Extensive literature searches were conducted to maximise retrieval 

of relevant studies. These included electronic searches of a variety of bibliographic databases, as 

well as clinical trials registers and conference abstracts to identify unpublished studies. Search 

strategies were developed to maximise sensitivity at the expense of reduced specificity. To be as 

inclusive as possible we also conducted a search of medRxiv, the preprint server. 

The use of a rapid review approach is inherently less robust than full systematic review methods. In 

the current assessment, the initial screening of retrieved references was not done independently, in 

duplicate, increasing the potential for error and bias in the initial stage of study selection, by 

comparison to standard systematic review methods. The rapid review approach was taken, for this 

topic, because the recency of development of the CaRi-Heart® device (the CaRi-Heart® Risk model 

development and validation study was published in 202111) meant that it was not anticipated that 

the device would yet have been widely studied. 

In addition to the rapid review, this EVA has included conceptual cost effectiveness modelling and an 

exploration of the available evidence about key parameters that are likely to be required to inform 

future development of a full cost effectiveness model. This work has been undertaken in synergy 

with the ongoing cost effectiveness modelling, which is being undertaken at the Nuffield 

Department of Population Health, University of Oxford (lead by Apostolos Tsiachristas), with the aim 

of providing faster and better quality evidence to the EVA and making information from the EVA 

rapidly available to the Oxford group. 
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Strengths and limitations of the evidence available to inform this EVA 

The following text describes the key limitations of the evidence identified by the rapid review, with 

respect to informing the decision problem defined by the NICE scope1 and described in Section 3.2 of 

this report. 

The only study included in our rapid review reported the development and validation of the CaRi-

Heart® Risk model but has been rated as having high risk of bias, based on PROBAST (see 

Section 4.2). There was no external validation of the model,11 as the reported validation dataset was 

used in a previous study10 to develop methods and thresholds for the main imaging predictors (FAI-

scores). The reliability data were not fully reported with only intraclass correlation coefficient (ICC) 

measures averaged over three readers and an unspecified number of patients included in the 

reliability assessment being reported. The actual absolute risk changes for individual patient changes 

when the FAI-scores were assessed by different technical experts using the CaRi-Heart® model were 

not reported; it was, therefore, not possible to verify the claim of reliable absolute risk score 

verification by expert technicians using the model. The number and thresholds for risk groups for 

absolute risk (a major claim of model) were not reported as pre-specified or justified clinically, and 

so performance measures based on reclassification of patients may be data driven. The comparison 

clinical model was not fully reported, as there was no equation for the model, and the variables 

claimed to be used were not the same as the variables in the reference used to report the methods 

for the clinical model.10 The clinical comparison model did not appear to include any clinical 

observations from the CTCA scan that is required by clinical guidelines for assessment of patients, 

and so does not appear to be consistent with current practice information. As such any claims of 

CaRi-Heart® to be superior to a relevant clinical practice have not been evaluated in this study. 

As described in Section 4.2 of this report, there are a number of concerns regarding the applicability 

to the decision problem for UK clinical practice of the current version of the CaRi-Heart® Risk model 

and its evaluation, as reported in the included study;11 this study has been rated as having high 

applicability concerns, based on PROBAST. The decision problem specified the evaluation of CaRi-

Heart®, as an adjunctive investigation for assessment of cardiac risk, in people with stable chest 

pain/suspected CAD, who are undergoing CTCA. The comparator was specified as current standard 

of care, which was defined as CTCA without the addition of CaRi-Heart®, alongside clinical risk 

assessment and patient-appropriate risk factor management. The included study11 only evaluated 

CaRi-Heart® Risk for the prediction of 8-year cardiac death; it does not consider prediction of cardiac 

risk, as specified in the scope for this EVA1 (i.e. including risk of non-fatal adverse cardiovascular 

events). The comparisons presented in the included study11 are not directly applicable to UK clinical 
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practice in that they primarily focus on the effects of CaRi-Heart® Risk, in terms of improved risk 

discrimination and frequency of risk reclassification, relative to a risk model based on clinical factors 

alone (age, sex, hypertension, hypercholesterolaemia, diabetes mellitus and smoking). Formal, 

quantitative risk assessment (e.g. using tools such as QRISK®3) is not part of standard care and is, 

explicitly, not recommended for this patient group,15 Nonetheless, it may seem implausible that risk 

factors (e.g. body mass index (BMI), family history of premature CAD) would not be considered by 

clinicians, when assessing this patients group. It may also seem implausible that any informal clinical 

consideration of an individual patient’s, future risk and appropriate management would exclude 

information currently provided by CTCA (without the addition of CaRi-Heart®). However, discussion 

with clinical experts (cardiologists and radiologists who are specialist committee members for this 

topic), both at scoping and subsequently, during the development of this report, has indicated that 

there remains some uncertainty about what should be considered standard of care in this patient 

group. Questions circulated to clinical specialist committee members, together with responses 

received are reported in Appendix 6. In summary, it was noted that components of QRISK®3 (e.g. 

BMI, family history of premature CAD) are more likely to be considered where there is no stenotic 

disease evident (CTCA normal), but also noted that QRISK®3 is used to estimate the risk of MI or 

stroke, rather than cardiac death (as with CaRi-Heart® Risk) and that clinical risk models generally 

overestimate risk; suggestions for radiological parameters included the use of CADRAD-2114 to report 

CT angiograms, heart flow for predicting whether anatomical stenoses are causing symptoms and 

helping to determine which patients may benefit from revascularisation but not for predicting the 

overall vascular risk, and assessment of high-risk plaques. Hence, whilst it would seem reasonable 

that an appropriate comparator for CaRi-Heart® Risk should include information currently available 

CTCA (e.g., presence of high risk plaques, CCS), in addition to all potentially relevant clinical risk 

factors, the precise definition of such a comparator remains subject to debate. 

The potential effects of the choice of comparator are of particular note when considering the data 

presented for rates of reclassification (change of risk category) when patients were assessed using 

CaRi-Heart® Risk. These data, as described in Section 4.4 and summarised in Section 7.1, appear to 

indicate that use of CaRi-Heart® Risk could be associated with potentially clinically important rates of 

reclassification of patients to higher risk groups. However, the choice of comparator (risk model 

based on clinical factors only) combined with the lack of separate data for clinically relevant 

subgroups based on the findings of standard CTCA (no evidence of CAD, non-obstructive CAD, 

obstructive CAD) given that some patients had obstructive CAD, means that these results are 

potentially misleading. It is unsurprising that, when such a population are evaluated based on clinical 

risk factors alone and subsequently re-evaluated using a tool which includes a component for an 
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imaging-based assessment of atherosclerotic plaque burden (the CaRi-Heart® Risk model includes 

modified Duke score), some patients who are at low clinical risk will be re-classified as high risk; this 

reclassification may simply be the result of adding imaging results (information about the degree of 

CAD) which would be available from a standard CTCA examination, rather than being an effect which 

is specifically attributable to the use of CaRi-Heart® Risk. 

Of note, the report of the CRISP-CT study,10 which preceded the development and validation study 

for the CaRi-Heart® Risk model11 and which assessed the ability of FAI to predict clinical outcomes, 

concluded that FAI is independently predictive of cardiac mortality ‘over and above current state-of-

the-art assessment in coronary CTA.’10 This study assessed the prognostic value of FAI (as a 

dichotomous variable) using Cox regression analysis, where models included age, sex, hypertension, 

hypercholesterolaemia, diabetes mellitus, smoking, epicardial obesity (measured as total epicardial 

adipose tissue volume), tube voltage, modified Duke CAD index, number of high-risk plaque features 

and lo-transformed CCS.10 It is not clear why the current version of the CaRi-Heart® Risk model11 

appears to include a reduced set of variables (in addition to FAI). However, the following information 

was provided by the company in response to a request from NICE:76 

‘*********************************************************************************

*******************************************************************.    

• ***************************************************************************

***************************************************************************

***************************************************************************

***************************************************************************

***************************************************************************

***************************************************************************

***************************************************************************

***************************************************************************

********************************************) 

• ***************************************************************************

***************************************************************************

***************************************************************************

*******************************************************.’  

7.3 Uncertainties 

Evidence to inform the aims of an EVA 
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The evidence about the clinical utility of CaRi-Heart® Risk is, as yet, sparse and is subject to some 

limitations, both in terms of risk of bias and applicability to UK clinical practice (see Section 7.2). 

There is some evidence to indicate that CaRi-Heart® Risk is predictive of an individual patient’s risk 

of cardiac death, for patients undergoing CTCA for suspected CAD. However, whether and to what 

extent CaRi-Heart® represents an improvement relative to the current standard of care remains 

uncertain; as described in Section 7.2; this is, in part, because the definition of standard of care and 

hence the applicability of the comparator used in the CaRi-Heart® study,11 are uncertain. 

In addition, this EVA has not identified any information about: 

• the costs, from a UK NHS and PPS perspective or any other perspective, of using CaRi-

Heart®, as an adjunctive investigation for assessment of cardiac risk, in people with stable 

chest pain, who are undergoing CTCA 

• intermediate measures of clinical effects of CaRi-Heart® (secondary outcomes), such as 

change to treatment/management or patients’ adherence to treatment 

Evidence to inform a full Diagnostic Assessment, including cost effectiveness modelling 

During scoping, clinical experts (cardiologists and radiologists who are specialist committee 

members for this topic) indicated that the use of any risk assessment tools, including CaRi-Heart® 

Risk, is unlikely to affect treatment decisions in patients who have evidence of obstructive CAD on 

CTCA. Clinical experts further indicated that the patient group for whom improved risk assessment is 

most likely to be beneficial are those symptomatic patients in whom CTCA shows no evidence of 

CAD. The NICE scope for this topic, therefore, defined potential subgroups for consideration:1 

• patients with no CAD 

• patients with non-obstructive CAD 

• patients with obstructive CAD 

To inform a full Diagnostic Assessment, including cost effectiveness modelling, it is important to be 

able to assess (for each relevant patient group), whether and how treatment is changed as a result 

of the availability of CaRi-Heart® Risk score (over and above information from standard CT plus 

clinical information) and what are the effects of any treatment changes on clinical outcome (cardiac 

mortality, MACE, HRQoL). There is currently a lack of granularity in the information provided by the 

CaRi-Heart® Risk study,11 in that although the predictive value of the CaRi-Heart® Risk model was 

reported to be consistent across patients with and without obstructive CAD, no distinction was made 

between patients with non-obstructive CAD and those with no evidence of CAD.11 There is also a lack 
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of information about the prognostic performance of CaRi-Heart® Risk for the prediction of non-fatal 

cardiac events, both for the whole population and for clinically relevant subgroups. In addition, the 

CaRi-Heart® Risk model does not appear to include prior use of risk modifying treatments (e.g., 

statins) and no subgroup analyses have been presented to assess the prognostic performance of 

CaRi-Heart® Risk in treated versus un-treated patients; it is therefore not clear whether the 

prognostic performance of CaRi-Heart® Risk may vary between in-treated versus un-treated patients 

A key component of any full Diagnostic Assessment is establishment of a link between test result, 

change to treatment/management and subsequent clinical outcome. The rapid review, conducted 

for this EVA did not identify any evidence about the effects of CaRi-Heart® Risk on 

treatment/management decisions or clinical outcomes.  

In addition to the rapid review, this EVA included a pragmatic exploration of the literature to identify 

information about the possible effects of new treatments or changes to existing treatments that 

may occur as a result of adding CaRi-Heart® Risk to current CTCA (see Section 5). As indicated in our 

published protocol,77 we sought information about: 

• the efficacy of treatments (e.g., colchicine) which target coronary artery inflammation (e.g., 

as indicated by FAI) and which are not currently part of standard care for the treatment or 

prevention of CAD 

• the effects of changing or introducing treatments which are currently part of standard care 

for the treatment or prevention of CAD (e.g., statins) based on measures of coronary artery 

inflammation (e.g., FAI) 

As a result of discussions that informed the development of the conceptual cost effectiveness 

model, we also sought information about: 

• the efficacy of statins for secondary prevention of adverse cardiac outcomes, conditional 

upon baseline risk category 

Our exploratory searches did not identify any studies about the efficacy of colchicine, where 

participants were selected by any measures of coronary inflammation. Systematic review evidence 

(summarised in Section 5.3), about the efficacy of colchicine for secondary prevention of adverse 

cardiac events, was derived from the general population of patients with CAD and did not include 

any stratification by measures of coronary inflammation or baseline risk category. There was 

systematic review evidence that colchicine treatment may reduce the risk of recurrent MI, stroke, 
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MACE and hospitalisation, compared to control.79 However, it was not clear what treatments were 

received by the control groups in the included studies and the results of meta-analyses indicated 

that colchicine treatment had no significant effect on all-cause mortality or cardiac mortality.79 

Importantly, for the aims of this EVA, the evidence identified does not provide any indication of the 

efficacy of targeting colchicine treatment using CaRi-Heart® Risk or separate measures of coronary 

inflammation, such as FAI. It should also be noted that colchicine is not currently recommended by 

NICE, or licensed in the UK, for this indication. Our searches have identified a small (n=40), ongoing 

randomised, placebo controlled trial (NCT05347316),105 with the potential to inform this question. 

The study aims to assess the effects of colchicine treatment on FAI (primary outcome), and all-cause 

mortality, cardiovascular mortality, AMI, stoke and need for revascularisation (secondary 

outcomes).105 It is being conducted in adults undergoing CTCA, who have non-calcified or mixed 

coronary plaques and FAI values >-70.1 HU.105 

Our exploratory searches did not identify any studies about the effects of changing or introducing 

treatments which are currently part of standard care for the treatment or prevention of CAD (e.g., 

statins) based on CaRi-Heart® Risk or measures of coronary artery inflammation (e.g., FAI). 

Systematic review evidence (summarised in Section 5.4) suggested that people at all levels of 

baseline cardiovascular risk may experience a benefit from statins in terms of a reduction in event 

rate of major vascular events and of any vascular death.106, 107 However, for participants at the 

lowest level of risk (<10% baseline 5-year risk), there was some evidence to suggest a greater benefit 

of statins, in reducing major vascular events, as expressed by relative risk per mmol LDL cholesterol 

reduction.106, 107 There remains some uncertainty about whether and to what extent the efficacy of 

statins, for the secondary prevention of MACE in people with CAD, may vary with baseline risk. Given 

this uncertainty, it may be considered preferrable for cost effectiveness modelling of CaRi-Heart® 

Risk to assume a differential treatment effect for statins, which is conditional upon baseline 

cardiovascular risk. Without such an assumption and/or data supporting clinical benefit of targeted 

introduction of new treatments (e.g., colchicine), it is difficult to see how the cost effectiveness of 

the CaRi-Heart® device could be established. For example, if ‘flat’ treatment effects are assumed 

(i.e., statins are equally effective across all risk groups), then it would follow that simply treating 

more patients (irrespective of any risk assessment) would be more effective.  Whether this would be 

cost effective would depend on the effect on absolute risk if effectiveness is estimated as a relative 

risk. 

During scoping discussions for this topic, the question was raised as to whether FAI 

measurement (without the use of the CaRi-Heart® device) should be considered as an alternative 
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technology. This question arose because FAI has been presented as the unique feature of the CaRi-

Heart® device.12 There is evidence to indicate that FAI is independently predictive of cardiac 

mortality ‘over and above current state-of-the-art assessment in coronary CTA.’10 Further 

explorations of the evidence, conducted for this EVA (see Section 5.2) support a positive relationship 

between FAI and risk of adverse coronary events; the ability of  CaRi-Heart® Risk to predict non-fatal 

adverse cardiovascular events (e.g. MI and stroke) has not yet been assessed. Studies indicating that 

FAI is predictive of these clinically important outcomes may be considered indicative of the 

likelihood that CaRi-Heart® Risk will be similarly predictive. Such studies also support the value of 

the future inclusion of FAI as an alternative technology (in evaluations of the CaRi-Heart® device) 

should a method of measurement become commercially available in the UK NHS. Information about 

the precise nature of the way in which the CaRi-Heart® device combines clinical information, FAI and 

other CT parameters is not in the public domain and the clinicians’ perceptions about the potential 

value of having clinical risk and FAI and/or other imaging parameters ‘wrapped up’ in a single 

tool/report have not been assessed.  

A more minor additional point concerns uncertainty around the technical failure rate that may be 

associated with the CaRi-Heart® device. The company’s response to the request for information 

from NICE stated that: ‘The technical failure rate of CaRi-Heart® analysis (<3%) is much lower than 

other imaging technologies, primarily because perivascular adipose tissue (the structure analysed by 

CaRi-Heart®) is less influenced by CT scan quality.’ However, it should be noted that the report of the 

CRISP-CT study,10 which preceded the development and validation study for the CaRi-Heart® Risk 

model11 and from which the study cohorts were taken, reported that approximately 7.7% of patients 

who met the study inclusion criteria were subsequently excluded on the basis of poor image quality, 

technical criteria, or presence of anatomic/coronary anomalies. If these patients were excluded 

because they could not be assessed by the CaRi-Heart® device, then the real-world failure rate may 

be as high as 10%. 

It should be noted that the company’s response to the request for information from NICE76 included 

a description of ongoing work, which is being undertaken as part of an NHS AI Stage 3 award. In 

support of the cost effectiveness modelling, described in Appendix 3 of this report, this ongoing 

work includes an observational study comparing data from implementation sites with data from a 

large registry study linking CaRi-Heart® with the risk of fatal and non-fatal events, in patients who 

have had a clinically indicated CTCA.76 This study will collect data from 800 patients, with analysis to 

be completed in question 1 of 2023.76 The company summarised data to be collected as including:76 



 

76 

• clinical presentation of patients referred for CTCA, to map the potential patient pool for 

CaRi-Heart® analysis in the NHS 

• patient risk reclassification, to inform modelling the cost of changes in medication to the 

NHS and total effect size of CaRi-Heart® analysis on downstream events and costs to the 

NHS 

• costs to the NHS of adding CaRi-Heart® to CTCA, including cardiologists’ time in training to 

interpret CaRi-Heart® analyses, and the implementation costs per CTCA (if any) added to the 

price of a CaRi-Heart® analysis to estimate the total cost per CTCA of introducing CaRi-

Heart® into the NHS 

The company further stated76 that patients from the study sites will be matched with patients from 

an existing CTCA registry (https://oxhvf.com/the-orfan-study/) using propensity score matching 

(PSM), as recommended in the Medical Research Council (MRC) guidelines on performing natural or 

quasi-experimental studies.115 

This study, along with the ongoing cost effectiveness modelling described in Appendix 3 of this 

report, has the potential to inform some of the areas of uncertainty described in this EVA, 

particularly in relation to costs. Further information about this study (NCT05169333)69 is provided in 

Appendix 3, however, it is not clear whether the study will collect key information about clinical 

outcomes (i.e. information about changes to treatment following CaRi-Heart® analysis or the 

information about the long-term clinical effects of any such changes). If information about clinical 

outcomes is being collected, it is very important that both the presentation of the observation study 

data (particularly data on reclassification and changes to treatment) and the subsequent modelling 

consider the clinically relevant subgroups (no evidence of CAD, non-obstructive CAD and obstructive 

CAD based on standard CTCA) defined during the scoping of this topic.1  

Unsurprisingly, the key areas of outstanding uncertainty concern the clinical effects of any changes 

to treatment/management that may be made as a result of adding assessment using CaRi-Heart® 

Risk to current standard of care, in patients undergoing CTCA for suspected CAD. The optimum 

method of resolving this uncertainty would be collection of long-term outcomes data, which could 

be undertaken as part of ongoing or new company studies (e.g., the ORFAN study, described in 

Appendix 3). Acknowledging that such data collection will take a number of years, alternative, 

pragmatic approaches to populating this component of a full cost effectiveness model may be 

considered useful. Such approaches could include estimation of the potential effects of treatment 
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changes based on risk-stratified effects of treatment (e.g., statins), where risk stratification has been 

based on methods other than CaRi-Heart® Risk and/or estimation of the potential effects of 

introducing new treatments (e.g., colchicine) where the ‘target condition’ (coronary inflammation) 

has been assessed by methods other than CaRi-Heart® Risk (e.g., FAI alone), (see Sections 5 and 6). 

As described above, exploratory searches have indicated that there may also be a lack of data to 

fully support such approaches. However, it should be noted that, whilst initial exploratory searches 

can be used to identify relevant studies for modelling, they cannot be used to conclusively rule-out 

the availability of such studies. 

7.4 Conceptual cost effectiveness modelling 

A de novo conceptual decision analytic model that could be used to inform an early assessment of 

the cost effectiveness of CaRi-Heart® has been described in Section 6 of this report. A combination 

of a short-term diagnostic model component and a long-term model component that evaluated the 

downstream consequences is anticipated to capture the diagnosis and the progression of CAD, 

respectively. In the EVA conceptual model, it is expected that for the CaRi-Heart® strategy, the initial 

diagnostic groups based on CTCA only would be in turn further split by the CaRi-Heart® information 

into groups of low, medium, or high CaRi-Heart® Risk. However, there are currently no studies 

reporting the prevalence of ‘low’, ‘medium’ and ‘high’ CaRi-Heart® Risk scores for people in the 

specified CAD subgroups. Additionally, the current evidence available for the long-term modelling 

suggests that there is uncertainty as to whether and to what extent the efficacy of statins, for the 

prevention of MACE in people with CAD, may vary with baseline risk assessed using currently 

available methods. Also, no information about the effects of introducing statin treatment or 

changing the dose of existing statin treatment, based on CaRi-Heart® Risk or on any assessment of 

coronary artery inflammation was identified. Therefore, it is concluded that a health economic 

model based on the full clinical pathway depicted in Figure 2 could not be informed with the current 

available evidence. 

7.5 Patient and Public Involvement 

This study was secondary research with a short (8 week) project duration. These factors limit the 

opportunity for and potential contribution of patient and public involvement. However, patient 

representatives were included as members of the NICE specialist committee for the assessment. This 

means that patients were actively involved both in setting the scope for the assessment and in 

discussions of the evidence and its implications for decision making. 



 

78 

7.6 Reporting Equality, Diversity and Inclusion 

This study was secondary research and followed a scope defined by NICE. The NICE scoping process 

includes consideration of equality and diversity issues. The following text describes the potential 

equality and diversity issues identified:1 

Angina and CAD can sometimes have a substantial and long-term adverse effect on a person’s ability 

to carry out normal day-today activities. Therefore, people with these conditions may be covered 

under the disability provision of the Equality Act (2010). 

Coronary artery disease is more common in people who are older, live in deprived areas, and men, 

however women are often underdiagnosed. People of African and South Asian heritage have higher 

rates of CAD than people who are white and East Asian. Sex, race, and age are protected 

characteristics. An objective measure of cardiac risk could help address this and promote equality. 
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8. CONCLUSIONS 

8.1 Implications for service provision 

The evidence about the clinical utility of CaRi-Heart® Risk is, as yet, sparse and is subject to 

considerable limitations, both in terms of risk of bias and applicability to UK clinical practice. There is 

some evidence to indicate that CaRi-Heart® Risk may be predictive of an individual patient’s 8-year 

risk of cardiac death, for patients undergoing CTCA for suspected CAD. However, it should be noted 

that the only study included in our rapid review,11 has been rated as having high risk of bias, based 

on PROBAST. Importantly, there was no external validation of the model,11 as the reported validation 

dataset was used in a previous study10 to develop methods and thresholds for the main imaging 

predictors (FAI-scores). With respect to applicability, the CaRi-Heart® study evaluated  CaRi-Heart® 

Risk for the prediction of 8-year cardiac death; it did not consider prediction of cardiac risk, as 

specified in the scope for this EVA1 (i.e. including risk of non-fatal adverse cardiovascular events). In 

addition, whether and to what extent CaRi-Heart® represents an improvement relative to current 

standard of care remains unclear. This is, in part, because the definition of standard of care, and 

hence the applicability of the comparator used in the CaRi-Heart® study, are uncertain. However, the 

clinical comparison model, reported in the CaRi-Heart® study, did not appear to include any clinical 

observations from the CTCA scan, as required by clinical guidelines,4 and so does not appear to be 

consistent with current practice. As such any claims of CaRi-Heart® to be superior to a relevant 

clinical practice have not been adequately evaluated in this study. 

The evaluation of the CaRi-Heart® device is ongoing and currently available data are insufficient to 

fully inform cost effectiveness modelling. Hence, there is currently insufficient evidence to inform 

decision making about routine use in UK NHS clinical practice. The Oxford model, which is currently 

in development, could be used to conduct a preliminary assessment to the cost effectiveness of 

CaRi-Heart®. However, it should be noted that there are key differences between the Oxford model 

and the EVA conceptual model presented in this report. The Oxford model consists of a decision-tree 

only with time horizon of 8 years. This seems an appropriate choice given the available data. Also, 

the Oxford model stratifies patients based on CaRi-Heart® Risk but not on CAD status and can make 

use of the proportion of patients reclassified between low, medium, and high-risk levels with CaRi-

Heart®. The comparator arm in the Oxford model is either real-world practice or patient 

stratification based on their phenotyping, CTCA, and other risk scores such as QRISK®3 or ESC risk. 

Therefore, despite the anticipated ability to provide an early assessment of the cost effectiveness of 

CaRi-Heart®, the Oxford model cannot be used to answer all the cost effectiveness research 

questions presented in this EVA. 
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8.2 Suggested research priorities 

There are a number of key areas of uncertainty, with respect to the information required to support 

a full Diagnostic Assessment evaluating the clinical and cost effectiveness of the CaRi-Heart® device. 

Some of these uncertainties will be or could potentially be addressed by the ongoing the Oxford risk 

factors and non-invasive imaging (ORFAN) study, NCT05169333:69 

• External validation of the CaRi-Heart® Risk model should be considered a high priority. Without 

external validation, in a population which is independent from that in which the model was 

developed, claims about the prognostic performance of the CaRi-Heart® Risk score cannot be 

considered reliable. The company could be asked to undertake an external validation study and 

this process could also be used to address some of the applicability concerns, e.g., the ability of 

CaRi-Heart® Risk to predict non-fatal adverse cardiovascular events (in addition to cardiac death) 

could be considered. 

• It remains unclear whether and to what extent CaRi-Heart® represents an improvement relative 

to current standard of care remains uncertain; this is largely because the definition of standard 

of care, and hence the applicability of the comparator used in the CaRi-Heart® study, are 

uncertain. If a consensus could be reached, among clinical experts (e.g., during committee 

discussions), as to what should constitute standard of care, then the company could be asked to 

provide an analysis of the prognostic performance of CaRi-Heart® Risk compared to this 

standard. Given that clinical experts have indicated that there is variation in practice and 

uncertainty with respect to current standard care in the UK NHS, a definition could be based 

consensus with respect to the preferred comparator or ideal practice. 

• There is currently a lack of information about the costs, from a UK NHS and PSS perspective, 

using CaRi-Heart®, as an adjunctive investigation for assessment of cardiac risk, in people with 

stable chest pain, who are undergoing CTCA. The company have indicated76 that the ORFAN 

study will collect data on costs to the NHS of adding CaRi-Heart® to CTCA, including cardiologists’ 

time in training to interpret CaRi-Heart® analyses, and the implementation costs per CTCA (if 

any) added to the price of a CaRi-Heart® analysis to estimate the total cost per CTCA of 

introducing CaRi-Heart® into the NHS. 

• There also a lack of information about the clinical effects of any changes to 

treatment/management that may be made as a result of adding assessment using CaRi-Heart® 

Risk to current standard of care, in patients undergoing CTCA for suspected CAD. The optimum 

study design would be an RCT or cluster RCT, where patients or study centres are randomised to 
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receive CTCA with or without the addition of CaRi-Heart® Risk assessment, and information 

about changes to treatment/management and long-term clinical effects is collected. 

Observational study designs, including ‘before and after’ implementation studies or using 

matching techniques to provide a control, could provide an alternative approach. The collection 

of information about changes to treatment/management and long-term outcomes could be 

undertaken as part of the ongoing ORFAN study (NCT05169333),69 however, it is not clear 

whether collection of these data is currently planned. Irrespective of the chosen study design, it 

is very important that data are collected to inform estimates of effect for the clinically relevant 

subgroups (no evidence of CAD, non-obstructive CAD and obstructive CAD based on standard 

CTCA) defined during the scoping of this topic. 

• Acknowledging that the collection of data about the long-term clinical effects of using CaRi-

Heart® Risk will take a number of years, alternative, pragmatic approaches to populating this 

component of a full cost effectiveness model may be considered useful. Such approaches could 

include estimation of the potential effects of treatment changes based on risk-stratified effects 

of treatment (e.g., statins), where risk stratification has been based on methods other than CaRi-

Heart® Risk and/or estimation of the potential effects of introducing new treatments (e.g., 

colchicine) where the ‘target condition’ (coronary inflammation) has been assessed by methods 

other than CaRi-Heart® Risk (e.g., FAI alone). Our exploratory searches have indicated that there 

may also be a lack of data to fully support such approaches. However, it should be noted that, 

whilst initial exploratory searches can be used to identify relevant studies for modelling, they 

cannot be used to conclusively rule-out the availability of such studies. It may therefore be 

useful to conduct a full systematic review. 
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APPENDIX 1: LITERATURE SEARCH STRATEGIES 

 

Rapid Review Searches 

Database Date Span Hits retrieved 

Medline + Med in P 1946-2022/10/04 1203 

Embase 1974-2022/10/04 1746 

PubMed-not-MEDLINE 1946-2022/10/04 142 

PubMed up to 2022/10/05 415 

CDSR + CDSR P up to 2022/10/Iss10 21 

CENTRAL up to 2022/10/Iss10 225 

DARE up to 2015/03 0 

HTA (CRD) up to 2018/03 0 

CINAHL up to 2022/10/06 510 

KSR Evidence up to 2022/10/05 28 

Epistemonikos up to 2022/10/06 138 

INAHTA up to 2022/10/06 2 

NIHR HTA up to 2022/10/06 0 

PROSPERO up to 2022/10/05 225 

INPLASY up to 2022/10/06 0 

LILACS up to 2022/10/06 9 

DOAJ up to 2022/10/06 80 

ClinicalTrials.gov up to 2022/10/06 277 

EUCTR up to 2022/10/06 40 

WHO ICTRP up to 2022/10/06 16 

ScanMedicine up to 2022/10/06 114 

Northern Light 2010-2022/wk38 103 

MedRxiv up to 2022/10/06 35 

Total  5329 
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MEDLINE(Ovid) and Epub Ahead of Print, In-Process, In-Data-Review & Other Non-Indexed 
Citations and Daily: 1946-2022/10/04 
Searched 5.10.22 
 
1     ((CaRi adj3 heart) or CaRi-Heart or CaRiHeart).af. (2) 
2     (Caristo or CariCloud).ti,ab,ot. (1) 
3     (CRD42020181158 or CRD42021229491 or CRD42021297228 or NCT05169333).af. (2) 
4     1 or 2 or 3 (5) 
5     ((Fat or PVAT or "perivascular adipose tissue") adj2 Attenuation$).ti,ab,ot. (282) 
6     (FAI adj3 (Scor$ or Index$ or indic$ or measure$ or map$ or coronary or plaque$ or arter$ or 

heart$ or athero$)).ti,ab,ot. (974) 
7     (FAITM or pFAI).ti,ab,ot. (17) 
8     or/5-7 (1229) 
9     4 or 8 (1232) 
10     exp animals/ not (exp animals/ and humans/) (5053872) 
11     9 not 10 (1203) 
 
 
Embase (Ovid): 1974-2022/10/04 
Searched 5.10.22 
 
1     ((CaRi adj3 heart) or CaRi-Heart or CaRiHeart).af. (8) 
2     (Caristo or CariCloud).ti,ab,ot. (1) 
3     (CRD42020181158 or CRD42021229491 or CRD42021297228 or NCT05169333).af. (2) 
4     1 or 2 or 3 (11) 
5     ((Fat or PVAT or "perivascular adipose tissue") adj2 Attenuation$).ti,ab,ot. (443) 
6     (FAI adj3 (Scor$ or Index$ or indic$ or measure$ or map$ or coronary or plaque$ or arter$ or 

heart$ or athero$)).ti,ab,ot. (1381) 
7     (FAITM or pFAI).ti,ab,ot. (26) 
8     or/5-7 (1783) 
9     4 or 8 (1791) 
10     animal/ (1589563) 
11     animal experiment/ (2876011) 
12     (rat or rats or mouse or mice or murine or rodent or rodents or hamster or hamsters or pig or 

pigs or porcine or rabbit or rabbits or animal or animals or dogs or dog or cats or cow or 
bovine or sheep or ovine or monkey or monkeys).ti,ab,ot,hw. (7353556) 

13     or/10-12 (7353556) 
14     exp human/ (24163444) 
15     human experiment/ (596121) 
16     or/14-15 (24165573) 
17     13 not (13 and 16) (5550502) 
18     9 not 17 (1746) 
 
 
MEDLINE(Ovid) PubMed-not-MEDLINE: 1946-2022/10/04 
Searched 5.10.22 
 

1     ((CaRi adj3 heart) or CaRi-Heart or CaRiHeart).af. (0) 
2     (Caristo or CariCloud).ti,ab,ot. (0) 
3     (CRD42020181158 or CRD42021229491 or CRD42021297228 or NCT05169333).af. (0) 
4     1 or 2 or 3 (0) 
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5     ((Fat or PVAT or "perivascular adipose tissue") adj2 Attenuation$).ti,ab,ot. (56) 
6     (FAI adj3 (Scor$ or Index$ or indic$ or measure$ or map$ or coronary or plaque$ or arter$ or 

heart$ or athero$)).ti,ab,ot. (95) 
7     (FAITM or pFAI).ti,ab,ot. (4) 
8     or/5-7 (142) 
9     4 or 8 (142) 
10     exp animals/ not (exp animals/ and humans/) (1) 
11     9 not 10 (142) 
 
 
 
PubMed (NIH): up to 2022/10/05 
Searched 5.10.22 
 
(Pubmed top up) 
 
10 #2 or #4 or #5 or #7 or #8 or #9  (415) 
9 FAITM[Title/Abstract] OR pFAI[Title/Abstract]  (18) 
8 (FAI[Title/Abstract] AND (coronary[Title/Abstract] OR plaque*[Title/Abstract] OR 

arter*[Title/Abstract] OR heart*[Title/Abstract] OR athero*[Title/Abstract])  (135) 
7 "Fat attenuation" or "PVAT attenuation" or "perivascular adipose tissue attenuation"  (306) 
5 (Caristo[Title/Abstract] OR CariCloud[Title/Abstract])  (1) 
4 CRD42020181158 or CRD42021229491 or CRD42021297228 or NCT05169333  (2) 
2 "CaRi heart" or CaRi-Heart or CaRiHeart  (1) 
 
 
Cochrane Database of Systematic Reviews (CDSR) (Wiley): up to 2022/10/Iss10 
Cochrane Database of Systematic Reviews - Protocols (CDSR_P) (Wiley): up to 2022/10/Iss10 
Cochrane Central Register of Controlled Trials (CENTRAL) (Wiley): up to 2022/10/Iss10 
Searched 5.10.22 
 
ID Search Hits 
#1 ((CaRi Near3  heart) or CaRi-Heart or CaRiHeart) 0 
#2 (Caristo or CariCloud) 5 
#3 (CRD42020181158 or CRD42021229491 or CRD42021297228 or NCT05169333) 0 
#4 #1 or '#2 or #3 5 
#5 ((Fat or PVAT or "perivascular adipose tissue") Near3  Attenuation*) 34 
#6 (FAI Near3  (Scor* or Index* or indic* or measure* or map* or coronary or plaque* or arter* 

or heart* or athero*)) 211 
#7 (FAITM or pFAI) 0 
#8 #5 or #6 or #7 242 
#9 #4 or #8 247 
 
 
CDSR=20 
CDSR Protocols=1 
CENTRAL=225 
 
Database of Abstracts of Reviews of Effects (DARE) (CRD): up to 2015/03 
Health Technology Assessment (HTA) Database (CRD): up to 2018/03 
Searched 5.10.22 
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1 (((CaRi Near3 heart) or CaRi-Heart or CaRiHeart) ) 0 Delete 
2 ((Caristo or CariCloud)) 0 Delete 
3 ((CRD42020181158 or CRD42021229491 or CRD42021297228 or NCT05169333))0
 Delete 
4 (((Fat or PVAT or "perivascular adipose tissue") Near3 Attenuation*)) 0 Delete 
5 ((FAI Near3 (Scor* or Index* or indic* or measure* or map* or coronary or plaque* or arter* 

or heart* or athero*))) 0 Delete 
6 ((FAITM or pFAI)) 0 Delete 
7 #1 OR #2 OR #3 OR #4 OR #5 OR #6 0 Delete 

 
 
CINAHL (EBSCOhost Research Databases): up to 2022/10/06 
Searched 6.10.22 
 
S7  S1 OR S2 OR S3 OR S4 OR S5 OR S6  510 
S6  TI ( (FAI N3 (Scor* or Index* or indic* or measure* or map* or coronary or plaque* or arter* 

or heart* or athero*)) ) OR AB ( (FAI N3 (Scor* or Index* or indic* or measure* or map* or 
coronary or plaque* or arter* or heart* or athero*)) )  367 

S5  TI ( (Fat or PVAT or "perivascular adipose tissue") N3 Attenuation*) ) OR AB ( (Fat or PVAT or 
"perivascular adipose tissue") N3 Attenuation*) )  138 

S4  (FAITM or pFAI)  4 
S3  (CRD42020181158 or CRD42021229491 or CRD42021297228 or NCT05169333)   0 
S2  (Caristo or CariCloud)  11 
S1  (CaRi N3 heart) or CaRi-Heart or CaRiHeart)  1 
 
 
KSR Evidence (https://ksrevidence.com/): up to 2022/10/05 
Searched 5.10.22 
 
1 ((CaRi Adj/3 heart) or CaRi-Heart or CaRiHeart) in All text  0 results 
2 (Caristo or CariCloud) in All text  0 results 
3 (CRD42020181158 or CRD42021229491 or CRD42021297228 or NCT05169333) in All text 
 2 results 
4 ((Fat or PVAT or "perivascular adipose tissue") adj/3 Attenuation*) in All text  4 results 
5 (FAI adj/3 (Scor* or Index* or indic* or measure* or map* or coronary or plaque* or arter* 

or heart* or athero*)) in All text  24 results 
6 (FAITM or pFAI) in All text  0 results 
7 #1 or #2 or #3 or #4 or #5 or #6 in All text  28 results 
 
 
Epistemonikos (https://www.epistemonikos.org/): up to 2022/10/06 
Searched 6.10.22 
 
Advanced search Limits: Systematic Review / (advanced_title_en:("CaRi heart" OR CaRi-Heart OR 
CaRiHeart) OR advanced_abstract_en:("CaRi heart" OR CaRi-Heart OR CaRiHeart)) OR 
(advanced_title_en:(Caristo OR CariCloud) OR advanced_abstract_en:(Caristo OR CariCloud)) OR 
(advanced_title_en:(CRD42020181158 OR CRD42021229491 OR CRD42021297228 OR 
NCT05169333) OR advanced_abstract_en:(CRD42020181158 OR CRD42021229491 OR 
CRD42021297228 OR NCT05169333)) OR (advanced_title_en:("Fat attenuation" OR "PVAT 
attenuation" OR "perivascular adipose tissue attenuation") OR advanced_abstract_en:("Fat 
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attenuation" OR "PVAT attenuation" OR "perivascular adipose tissue attenuation")) OR 
(advanced_title_en:((FAI AND (Scor* OR Index* OR indic* OR measure* OR map* OR coronary OR 
plaque* OR arter* OR heart* OR athero*))) OR advanced_abstract_en:((FAI AND (Scor* OR Index* 
OR indic* OR measure* OR map* OR coronary OR plaque* OR arter* OR heart* OR athero*)))) OR 
(advanced_title_en:(FAITM OR pFAI) OR advanced_abstract_en:(FAITM OR pFAI)) [Filters: 
classification=systematic-review, protocol=no] 
Search retrieved 138 records 
 
 
INAHTA (https://www.inahta.org/): up to 2022/10/06 
Searched 6.10.22 
 
Advanced search  

("CaRi heart" OR CaRi-Heart OR CaRiHeart) OR (Caristo OR CariCloud) OR (CRD42020181158 OR 
CRD42021229491 OR CRD42021297228 OR NCT05169333) OR ("Fat attenuation" OR "PVAT 
attenuation" OR "perivascular adipose tissue attenuation") OR ((FAI AND (Scor* OR Index* OR indic* 
OR measure* OR map* OR coronary OR plaque* OR arter* OR heart* OR athero*))) OR (FAITM OR 
pFAI) 
Search retrieved 2 records 
 
 
NIHR HTA (Journals: https://www.journalslibrary.nihr.ac.uk/): up to 2022/10/06 
Searched 6.10.22 
 
Simple search 
 

Search terms Journal reports Research Projects 

"CaRi-Heart"  0 0 

CaRiHeart 0 0 

Caristo 0 0 

CariCloud 0 0 

"fat attenuation" 0 0 

Total 0 0 

 
Results = 0 
 
 
PROSPERO (CRD): up to 2022/10/05 
Searched 5.10.22 
 
#1 "CaRi heart" or CaRi-Heart or CaRiHeart  
#2 (Caristo or CariCloud) 0  
#3 (CRD42020181158 or CRD42021229491 or CRD42021297228 or NCT05169333) 3  
#4 Fat or PVAT or "perivascular adipose tissue" 3622  
#5 Attenuation* 196  
#6 #3 AND #4 37  
#7 FAI 203  
#8 Scor* or Index* or indic* or measure* or map* or coronary or plaque* or arter* or heart* or 

athero* 145490  
#9 #6 AND #7 190  
#10 FAITM or pFAI 0  

https://www.journalslibrary.nihr.ac.uk/
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#11 #1 OR #2 OR #5 OR #8 OR #9 OR #10 225 
 
 
INPLASY (https://inplasy.com/): up to 2022/10/06 
 
Searched 6.10.22 

Keyword Hits 

"CaRi-Heart" OR CaRiHeart OR Caristo OR CariCloud 0 

"Fat attenuation" OR "perivascular adipose tissue attenuation" OR "PVAT attenuation" 0 

FAI OR FAITM OR pFAI 0 

Total 0 

 
 
 
LILACS (http://regional.bvsalud.org/php/index.php?lang=en): up to 2022/10/06 
Searched: 6.10.22 
 
 (Limit=Not MEDLINE) 
 

Keywords Hits 

("CaRi heart" OR CaRi-Heart OR CaRiHeart OR Caristo OR CariCloud OR CRD42020181158 
OR CRD42021229491 OR CRD42021297228 OR NCT05169333) 

0 

(("Fat attenuation" OR "PVAT attenuation" OR "perivascular adipose tissue 
attenuation")) 

1 

(FAI) AND ((coronary OR plaque* OR arter* OR heart* OR athero*)) 8 

Results 9 

 
Retrieved 9 hits (LILACs only) 
 
 
DOAJ (https://doaj.org/): up to 2022/10/06 
Searched 6.10.22 
 

Keywords All 
Fields 

CaRi-Heart OR CaRiHeart OR Caristo OR CariCloud OR CRD42020181158 OR 
CRD42021229491 OR CRD42021297228 OR NCT05169333 OR "Fat attenuation" OR 
"perivascular adipose tissue attenuation" OR FAITM OR pFAI 

80 

Total 80 

 
 
ClinicalTrials.gov (https://clinicaltrials.gov/ct2/home): up to 2022/10/06 
Searched 6.10.22 
 

Expert search Hits 

"CaRi-Heart" OR CaRiHeart OR Caristo OR CariCloud 3 

((Fat OR PVAT OR "perivascular adipose tissue") AND (attenuation)) 235 

NCT05169333 1 

(FAI AND (coronary OR plaque OR plaques OR artery OR Arteries OR heart OR 
atherosclerosis)) 

38 

Total 277 

https://inplasy.com/
http://regional.bvsalud.org/php/index.php?lang=en
https://clinicaltrials.gov/ct2/home
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EUCTR (https://www.clinicaltrialsregister.eu): up to 2022/10/06 
Searched 6.10.22 
 

Expert search Hits 

"CaRi-Heart" OR CaRiHeart OR Caristo OR CariCloud 0 

((Fat OR PVAT OR "perivascular adipose tissue") AND (attenuation)) 12 (exports 25) 

(FAI AND (coronary OR plaque* OR arter* OR heart* OR athero*)) 5 (export 15) 

Total 17 (exports 40) 

 
 
WHO ICTRP (http://www.who.int/ictrp/search/en/): up to 2022/10/06 
Searched 6.10.22 
 

Simple search Hits 

"CaRi-Heart" OR CaRiHeart OR Caristo OR CariCloud 1 

((Fat OR PVAT OR "perivascular adipose tissue") AND (attenuation)) 12 

(FAI AND (coronary OR plaque OR plaques OR artery OR Arteries OR heart OR 
atherosclerosis)) 

3 

Total 16 

 
 
ScanMedicine (https://scanmedicine.com/): up to 2022/10/06 
Searched: 6.10.22 
 

Keywords Hits 

"CaRi-Heart" | CaRiHeart | Caristo | CariCloud 2 

"Fat attenuation" | "perivascular adipose tissue attenuation" | "PVAT attenuation" 7 

FAI | FAITM | pFAI 105 

Total 114 

 
 
Northern Light Life Sciences Conference Abstracts (Ovid): 2010-2022/wk38 
Searched 5.10.22 
 
1     ((CaRi adj3 heart) or CaRi-Heart or CaRiHeart).af. (1) 
2     (Caristo or CariCloud).af. (16) 
3     (CRD42020181158 or CRD42021229491 or CRD42021297228 or NCT05169333).af. (0) 
4     1 or 2 or 3 (17) 
5     ((Fat or PVAT or "perivascular adipose tissue") adj2 Attenuation$).af. (42) 
6     (FAI adj3 (Scor$ or Index$ or indic$ or measure$ or map$ or coronary or plaque$ or arter$ or 

heart$ or athero$)).af. (44) 
7     (FAITM or pFAI).af. (2) 
8     or/5-7 (86) 
9     4 or 8 (103) 
 
 
MedRxiv (medRxiv.org): up to 2022/10/06 
Searched 6.10.22 
 
Advanced search 
 

https://www.clinicaltrialsregister.eu/
http://www.who.int/ictrp/search/en/
https://scanmedicine.com/
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Keywords Hits 

full text or abstract or title "CaRi-Heart CaRiHeart Caristo CariCloud CRD42020181158 
CRD42021229491 CRD42021297228 NCT05169333" (match whole any) 

3 

abstract or title "Fat attenuation" (match all words) 8 

abstract or title "perivascular adipose tissue attenuation" (match all words) 0 

"FAI FAITM pFAI" (match any words) 24 

abstract or title "PVAT attenuation" (match all words) 0 

Total 35 

 
 
Additional focused searches 
 
Search 1) Statins and risk of CAD 

Database Date Span Hits retrieved 

Embase 1974 to 2022 October 24 746 

KSR Evidence up to 2022/10/26 45 

Total  791 

 
 
Embase <1974 to 2022 October 24 
Searched 26.10.22 
 
Statins + Risk of CAD + Symptomatic + RCTS No A  
 
1     exp coronary artery disease/ or CAD.ti,ab,ot. (403106) 
2     (coronary artery adj3 (disease$ or syndrome$ or anomal$ or aneurysm or atherosclerosis or 

calcification or constriction or dissection or obstruction or occlusion or perforation or 
thrombosis)).ti,ab,ot. (174891) 

3     or/1-2 (438155) 
4     risk$.ti,ab,ot. (3926246) 
5     3 and 4 (151732) 
6 exp hydroxymethylglutaryl coenzyme A reductase inhibitor/ or (statin$ or vastatin$).ti,ab,ot. 

(199326) 
7     ((HMG or hydroxymethylglutaryl) adj2 (CoA or coenzyme A) adj2 ("reductase inhibitor" or 

"reductase inhibitors")).ti,ab,ot. (6241) 
8     (Atorvastatin or astator or ator or atorab or atoris or atorlip or atorvadivid or atorvastine or 

atostin or atovans or atovarol or cardyl or ci 981 or ci981 or glustar or lipibec or Lipitor or 
liprimar or liptonorm or lowlipen or obradon or orbeos or prevencor or sortis or statorva or 
storvas or tahor or torvast or totalip or xarator or ym 548 or ym548 or zarator or 110862-48-
1 or 134523-00-5 or 134523-03-8).ti,ab,ot,tn,rn. (44225) 

9     (Simvastatin or avastinee or belmalip or cholestat or clinfar or colastatina or coledis or colemin 
or colestricon or corolin or covastin or denan or epistatin or esvat or ethical or eucor or 
flolipid or ifistatin or jabastatina or kavelor or klonastin or kolestevan or "l 644128" or 
l644128 or labistatin or lipcut or lipecor or lipex or lipinorm or liponorm or lipovas or lodales 
or medipo or mersivas or "mk 0733" or mk 733 or mk0733 or mk733 or nivelipol or nor-
vastina or normofat or orovas or pantok or Rechol or rendapid or simbado or simcard or 
simchol or simovil or simtin or simva or simvac or Simvahex or simvalord or simvastar or 
simvastatina or simvastatine or simvata or simvatin or simvor or simvotin or sinvacor or 
simvastatin or sinvinolin or sivastin or starzoco or synvinolin or torio or valemia or vasilip or 
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vasotenal or vazim or velostatin or vidastat or zimmex or zocor or zocord or zorced or zosta 
or zovast or 79902-63-9).ti,ab,ot,tn,rn. (171571) 

10     (Rosuvastatin or coupet or crestor or epri or ezallor or "hgp 0816" or hgp0816 or mertenil or 
provisacor or rostat or rosudia or rosumop or rosuvador or rosuvas or rosuvastatina or 
rosuvastatine or roswera or roxera or rozuva-teva or "s 4522" or s4522 or simestat or 
sorvasta or visacor or xeter or zahron or zaranta or zd 4522 or zd4522 or 147098-18-8 or 
147098-20-2 or 287714-41-4).ti,ab,ot,tn,rn. (18972) 

11     or/6-10 (330511) 
12     symptomatic.ti,ab,ot,hw. (321504) 
13     stable angina pectoris/ or (stable adj2 angina$).ti,ab,ot,hw. (18774) 
14     secondary prevention/ or ("secondary prevention" or "secondary preventions").ti,ab,ot,hw. 

(46952) 
15     computed tomographic angiography/ or ((computed tomographic or CT) adj2 

angiograph$).ti,ab,ot. (87721) 
16     thorax pain/ or ((chest or thorax or thoracic) adj3 (discomfort or pain$ or ache$ or "abnormal 

feeling")).ti,ab,ot,hw. (131468) 
17     or/12-16 (584720) 
18     5 and 11 and 17 (4165) 
19     crossover-procedure/ or double-blind procedure/ or randomized controlled trial/ or single-

blind procedure/ (812505) 
20     (random$ or factorial$ or crossover$ or cross over$ or cross-over$ or placebo$ or (doubl$ adj 

blind$) or (singl$ adj blind$) or assign$ or allocat$ or volunteer$).ti,ab,ot. (2641780) 
21     19 or 20 (2750001) 
22     animal/ or animal experiment/ (4459556) 
23     (rat or rats or mouse or mice or murine or rodent or rodents or hamster or hamsters or pig or 

pigs or porcine or rabbit or rabbits or animal or animals or dogs or dog or cats or cow or 
bovine or sheep or ovine or monkey or monkeys).ti,ab,ot,hw. (7369171) 

24     22 or 23 (7369171) 
25     exp human/ or human experiment/ (24240337) 
26     24 not (24 and 25) (5560969) 
27     21 not 26 (2472774) 
28     18 and 27 (746) 
 
 
KSR Evidence: up to 2022/10/26 
Searched 26.10.22 
 
1 CAD in Title or Abstract  743 results 
2 (coronary artery adj3 (disease* or syndrome* or anomal* or aneurysm or atherosclerosis or 

calcification or constriction or dissection or obstruction or occlusion or perforation or 
thrombosis)) in All text  1974 results 

3 #1 or #2 in All text  2138 results 
4 risk* in Title or Abstract  90582 results 
5 #3 and #4 in All text  1300 results 
6 (statin* or vastatin*) in All text  1384 results 
7 ((HMG or hydroxymethylglutaryl) adj2 (CoA or coenzyme A) adj2 ("reductase inhibitor" or 

"reductase inhibitors")) in All text  237 results 
8 (Atorvastatin or astator or ator or atorab or atoris or atorlip or atorvadivid or atorvastine or 

atostin or atovans or atovarol or cardyl or ci 981 or ci981 or glustar or lipibec or Lipitor or 
liprimar or liptonorm or lowlipen or obradon or orbeos or prevencor or sortis or statorva or 
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storvas or tahor or torvast or totalip or xarator or ym 548 or ym548 or zarator ) in All text 
 301 results 

9 9 (Simvastatin or avastinee or belmalip or cholestat or clinfar or colastatina or coledis or 
colemin or colestricon or corolin or covastin or denan or epistatin or esvat or ethical or 
eucor or flolipid or ifistatin or jabastatina or kavelor or klonastin or kolestevan or "l 644128" 
or l644128 or labistatin or lipcut or lipecor or lipex or lipinorm or liponorm or lipovas or 
lodales or medipo or mersivas or "mk 0733" or mk 733 or mk0733 or mk733 or nivelipol or 
nor-vastina or normofat or orovas or pantok or Rechol or rendapid or simbado or simcard or 
simchol or simovil or simtin or simva or simvac or Simvahex or simvalord or simvastar or 
simvastatina or simvastatine or simvata or simvatin or simvor or simvotin or sinvacor or 
simvastatin or sinvinolin or sivastin or starzoco or synvinolin or torio or valemia or vasilip or 
vasotenal or vazim or velostatin or vidastat or zimmex or zocor or zocord or zorced or zosta 
or zovast) in All text  21697 results 

10 10 (Rosuvastatin or coupet or crestor or epri or ezallor or "hgp 0816" or hgp0816 or mertenil 
or provisacor or rostat or rosudia or rosumop or rosuvador or rosuvas or rosuvastatina or 
rosuvastatine or roswera or roxera or rozuva-teva or "s 4522" or s4522 or simestat or 
sorvasta or visacor or xeter or zahron or zaranta or zd 4522 or zd4522) in All text 
 35033 results 

11 #6 or #7 or #8 or #9 or #10 in All text  52705 results 
12 symptomatic in All text  3969 results 
13 (stable adj2 angina*) in All text  98 results 
14 ("secondary prevention" or "secondary preventions") in All text  828 results 
15 ((computed tomographic or CT) adj2 angiograph*) in All text  118 results 
16 ((chest or thorax or thoracic) adj3 (discomfort or pain* or ache* or "abnormal feeling")) in 

All text  519 results 
17  in All text  0 results 
18 #12 or #13 or #14 or #15 or #16 in All text  5451 results 
19 #5 and #11 and #18 in All text  45 results 
 
 
Search 2) Major adverse cardiac events and utilities 
 

Database Date Span Hits retrieved 

KSR Evidence up to 2022/10/26 282 

Total  282 

 
 
KSR Evidence: up to 2022/10/24 
Searched 24.10.22 
 
(MACE/4named + Focused HRQoL filter) 
 
1 MACE or "major adverse cardiac event" or "major adverse cardiac events" in All text 
 1184 results 
2 stroke or strokes or apoplexia or apoplexy or "insultus cerebralis" in All text  9081 results 
3 ((brain or cerebral or cerebrum) Adj/3 (accident* or attack* or insult* or insufficiency)) in All 

text  140 results 
4 (cerebrovascular Adj/3 (arrest* or failure* or injury* or insult*)) in All text  100 results 
5 CVA in Title or Abstract  92 results 
6 (ischaemic or ischemic) Adj/2 seizure in All text  4 results 
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7 ((cardiac or heart or cardial or myocardial or myocardium or subendocardial) Adj/3 (infarct* 
or attack)) in All text  4301 results 

8 angina or anginal or stenocardia in All text  608 results 
9 revascularisation or revascularization in All text  1760 results 
10 #1 or #2 or #3 or #4 or #5 or #6 or #7 or #8 or #9 in All text  12451 results 
11 sf6D or sf 6D or sf-6D or short form 6D or shortform 6D or sf six D or sfsixD or shortform six 

D or short form six D in All text  110 results 
12 Quality adjusted life or Quality-adjusted-life in All text  1216 results 
13 euroqol or euro qol or eq5d* or eq 5d in All text  465 results 
14 QALY* or DALY* or HALY* or YHL or HYES or YPLL or YHLL or qald* or qale* or qtime* or 

AQoL* in All text  703 results 
15 timetradeoff or time tradeoff or time trade-off or time trade off or TTO or Standard gamble* 

or "willingness to pay" in All text  315 results 
16 HSUV* or health state* value* or health state* preference* or HSPV* in All text  2511 results 
17 (utilit* Adj/3 ("quality of life" or valu* or scor* or measur* or health or life or estimat* or 

elicit* or disease*)) in All text  555 results 
18 #11 or #12 or #13 or #14 or #15 or #16 or #17 in All text  4668 results 
19 #10 and #18 in All text  282 results 
 
 
Search 3) Colchicine and CAD 
 

Database Date Span Hits retrieved 

Embase 1974- 2022/10/24 918 

KSR Evidence up to 2022/10/26 45 

Total  791 

 
 
Embase (Ovid): 1974- 2022/10/24 
Searched 25.10.22 
 
1 Colchicine/ or (aqua colchin or colchichine or colchicine or colchicine or colchicum-dispert or 

colchily or colchimedio or colchiquim or colchisol or colchysat or colcine or colcrys or colctab 
or colgout or colrefuz or gloperba or goutichine or goutnil or kolkicin or kolkisin or mitigare 
or "mpc 004" or mpc004 or myinfla or nsc 757 or tolchicine or 64-86-8).ti,ab,ot,hw,tn,rn.
 38959 

2 exp coronary artery disease/ or CAD.ti,ab,ot. 403106 
3 (coronary artery adj3 (disease$ or syndrome$ or anomal$ or aneurysm or atherosclerosis or 

calcification or constriction or dissection or obstruction or occlusion or perforation or 
thrombosis)).ti,ab,ot. 174891 

4 or/2-3 438155 
5 1 and 4 918 
 
 
KSR Evidence (https://ksrevidence.com/): up to 2022/10/25 
Searched: 25.10.22 
 
1 "aqua colchin" or colchichine or colchicine or colchicine or "colchicum-dispert" or colchily or 

colchimedio or colchiquim or colchisol or colchysat or colcine or colcrys or colctab or colgout 
or colrefuz or gloperba or goutichine or goutnil or kolkicin or kolkisin or mitigare or "mpc 
004" or mpc004 or myinfla or "nsc 757" or tolchicine in All text  192 results 

https://ksrevidence.com/
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2 CAD in All text  822 results 
3 "coronary artery" adj3 (disease* or syndrome* or anomal* or aneurysm or atherosclerosis 

or calcification or constriction or dissection or obstruction or occlusion or perforation or 
thrombosis) in All text  1906 results 

4 #2 or #3 in All text  2136 results 
5 #1 and #4 in All text  37 results 
 
 
Search 4) Heart Failure and utilities 
 

Database Date Span Hits retrieved 

KSR Evidence up to 2022/11/15 77 

Total  77 

 
 
KSR Evidence: up to 2022/11/15 
Searched 15.11.22 
 
(Heart Failure + Focussed HRQoL filter)  
 
# Query Results 
1 ((Heart or cardiac or cardial or myocardial or cordis or cardis) adj3 (failure* or 

decompensat* or incompetence or insufficien* or "stand still")) in All text  4002 results 
2 (HF or CHF) in Title or Abstract  1267 results 
3 #1 or #2 in All text  4175 results 
4 sf6D or sf 6D or sf-6D or short form 6D or shortform 6D or sf six D or sfsixD or shortform six 

D or short form six D in All text  112 results 
5 Quality adjusted life or Quality-adjusted-life in All text  1223 results 
6 euroqol or euro qol or eq5d* or eq 5d in All text  467 results 
7 QALY* or DALY* or HALY* or YHL or HYES or YPLL or YHLL or qald* or qale* or qtime* or 

AQoL* in All text  711 results 
8 timetradeoff or time tradeoff or time trade-off or time trade off or TTO or Standard gamble* 

or "willingness to pay" in All text  319 results 
9 HSUV* or health state* value* or health state* preference* or HSPV* in All text  2531 results 
10 (utilit* Adj/3 ("quality of life" or valu* or scor* or measur* or health or life or estimat* or 

elicit* or disease*)) in All text  558 results 
11 #4 or #5 or #6 or #7 or #8 or #9 or #10 in All text  4707 results 
12 #3 and #11 in All text  111 results 
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APPENDIX 2: DETAILS OF EXCLUDED STUDIES WITH RATIONALE 

To be included in the review studies had to fulfil the following criteria: 

 
Research Question 1: ‘What is the prognostic performance of CaRi-Heart®, in people with stable 

chest pain, who are undergoing CTCA, where: 
a) the dependent variable is cardiac death? 
b) the dependent variable is MACE?’ 

Population:  People undergoing CTCA for the investigation of stable chest pain/suspected 
CAD 

Setting:  Secondary or tertiary care 

Intervention:  CaRi-Heart® 
Comparator: Current standard of care, for cardiac risk assessment 
Outcomes:  Primary outcomes: 

Any reported measure of model performance, e.g., HR or OR for prediction 
of cardiac death or MACE 
Secondary outcomes: 

Test failure rate 
Time to results 

Study design: Prediction model development and validation studies 

 

Research Question 2: ‘What is the prevalence of ‘low’, ‘medium’ and ‘high’ CaRi-Heart® Risk?’ 

Population:  People undergoing CTCA for the investigation of stable chest pain/suspected 
CAD 

Setting:  Secondary or tertiary care 

Intervention:  CaRi-Heart® 
 
Comparator: Not applicable 
 
Outcomes:  Number (%) of patients undergoing CTCA who are classified as ‘low’, 

‘medium’ and ‘high’ CaRi-Heart® Risk and, if reported, number of cases 
(cardiac events) in each risk category 

Study design: RCTs, CCTs and comparative or non-comparative observational studies 

 

Research Question 3: ‘What are the clinical effects of using CaRi-Heart® to assess cardiac risk?’ 

Population:  People undergoing CTCA for the investigation of stable chest pain/suspected 
CAD 

Setting:  Secondary or tertiary care 

Intervention:  CaRi-Heart® 
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Comparator: Current standard of care, which is CTCA without the addition of CaRi-Heart®, 
alongside clinical risk assessment and patient-appropriate risk factor 
management 

Outcomes: Primary outcomes: 
Cardiac mortality, MACE, HRQoL 
Secondary outcomes: 
Change to treatment/management 
Patient adherence to treatment 

 
Study design: RCTs, CCTs or observational before and after (implementation) studies 

 

Research Question 4: ‘What are the costs, from a UK NHS and Personal Social Services 
perspective, using CaRi-Heart® for assessment of cardiac risk?’ 

Population:  People undergoing CTCA for the investigation of stable chest pain/suspected 
CAD 

Setting:  Secondary or tertiary care 

Intervention:  CaRi-Heart® 

Comparator: Current standard of care, which is CTCA without the addition of CaRi-Heart®, 
alongside clinical risk assessment and patient-appropriate risk factor 
management 

Outcomes: Costs of CaRi-Heart® testing (including test cost, time to interpret results, 
and staff training/implementation costs) 

Study design: RCTs, CCTs, comparative or non-comparative observational studies and cost 
effectiveness analyses 
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Table 14 summarises studies which were screened for inclusion based on full text publication, but 
which failed to fulfil all inclusion criteria, for any research question.  

Table 14:  Details of studies excluded at full paper screening with reasons for exclusion 

Author Principal exclusion reason(s) 

Abbasi, 201721 Review article 

Antoniades, 201922 Review article 

Antoniades, 201923 Editorial 

Antoniades, 202024 Review article 

Antonopoulos, 202225 Systematic review: intervention was not CaRi-Heart® (FAI only) 

Antonopoulos, 202226   Review article 

Antonopoulos, 202027 Systematic review: intervention was not CaRi-Heart® (FAI only) 

Antonopoulos, 201928   Letter 

Antonopoulos, 201729   Intervention was not CaRi-Heart® (FAI only) 

Bao, 202230 Intervention was not CaRi-Heart®; population was patients with 
psoriasis 

Bengs, 202131 Intervention was not CaRi-Heart® (FAI only) 

Berman, 202232 Editorial 

Bittner, 201933 Intervention was not CaRi-Heart® (FAI only) 

Cabrelle, 202234 Intervention was not CaRi-Heart® (FAI only) 

Cecere, 202135 Intervention was not CaRi-Heart® (FAI only) 

Chatterjee, 202236 Intervention was not CaRi-Heart® (FAI only) 

Chatterjee, 202137 Intervention was not CaRi-Heart® (FAI only) 

Chen, 202138 Intervention was not CaRi-Heart® (FAI only) 

Dai, 202239 Intervention was not CaRi-Heart® (FAI only) 

Dai, 202040 Intervention was not CaRi-Heart® (FAI only) 

Dang, 202141 Intervention was not CaRi-Heart® (FAI only) 

Elnabawi, 201942 Intervention was not CaRi-Heart®; population was patients with 
psoriasis 

Gaibazzi, 202143 Intervention was not CaRi-Heart®; population was patients with aortic 
aneurysm 

Hoshino, 202144 Intervention was not CaRi-Heart® 

Hoshino, 202145 Intervention was not CaRi-Heart® (FAI only) 

Hoshino, 202046 Intervention was not CaRi-Heart® (FAI only) 

Kanaji, 201947 Intervention was not CaRi-Heart® (FAI only) 

Kato, 202248 Systematic review: intervention was not CaRi-Heart® 

Li, 202149 Intervention was not CaRi-Heart® (FAI only) 

Liu, 202050 Review 

Montonati, 202251 Intervention was not CaRi-Heart® (FAI only) 

Oikonomou, 202053 Letter  

Oikonomou, 201954 Intervention was not CaRi-Heart® (FAI only) 

Oikonomou, 201955 Intervention was not CaRi-Heart® (FAI only) 

Oikonomou, 201856 Intervention was not CaRi-Heart® (FAI only) 
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Author Principal exclusion reason(s) 

Oikonomou, 201810 Intervention was not CaRi-Heart® (FAI only) 

Pandey, 202057 Intervention was not CaRi-Heart®  

Pergola, 202258 Intervention was not CaRi-Heart® (FAI only) 

Pergola, 202159 Intervention was not CaRi-Heart® (FAI only) 

Placket, 202060 News article/Comment 

Sagris, 202161 Intervention was not CaRi-Heart® (FAI only) 

Sen, 202062 Intervention was not CaRi-Heart® (FAI only) 

Shan, 202163 Intervention was not CaRi-Heart® (FAI only) 

Simantiris, 202164 Intervention was not CaRi-Heart® (FAI only) 

Sugiyama, 202065 Intervention was not CaRi-Heart® (FAI only) 

Sutano, 202066 Intervention was not CaRi-Heart®; population was patients with aortic 
aneurysm 

Yan, 202267 Intervention was not CaRi-Heart® (FAI only) 

Zhu, 202168 Intervention was not CaRi-Heart® 

FAI: fat attenuation index 
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APPENDIX 3: RELEVANT ONGOING STUDIES 

Our rapid review searches (described in Section 3.1) and scoping searches, undertaken by National 

Institute for Health and Care Excellence (NICE), identified one ongoing trial, NCT05169333,69 the 

oxford risk factors and non-invasive imaging (ORFAN) study. This is a United Kingdom (UK) 

prospective, multi-centre, multi-ethnic cohort observational study collecting computed tomography 

(CT) scans, biological material, and outcomes data. The study will combine imaging data with patient 

demographics and clinical information to aid the development and/or validation of new or existing 

image analysis algorithms and software tools to improve diagnosis, clinical risk discrimination and 

prediction. The study will recruit 15,500 participants who have been asked to undergo a computed 

tomography coronary angiography (CTCA) by their clinical team or who have had a CTCA in the 

previous 6 months. The study will also retrospectively collect a dataset of 250,000 cardiac, abdomen, 

and pelvis CT scans. Prospectively recruited participants will be followed-up for 15 years and the 

anticipated completion date is February 2030.1  

The NICE request, to the company, for information76 included the following question and response: 

‘Can you please provide a list of any ongoing studies relevant to CaRi-Heart® including details such 

as study descriptions, study populations, outcomes, expected completion dates, etc.? 

As mentioned, ongoing health economic work is currently being undertaken by the Department of 

Epidemiology and Public Health at the University of Oxford to evaluate the cost-effectiveness and 

impact of CaRi-Heart on healthcare pathways and outcomes. Part of this work is a component of 

Caristo’s NHS AI Stage 3 Award.  A protocol for the health economic work will also be shared with 

NICE shortly.  The results are expected in Q1 2023.  

A component of this work is being undertaken as part of Caristo’s NHS AI Stage 3 award, including a 

model-based early economic evaluation alongside the implementation to provide the potential cost-

effectiveness of adding CaRi-Heart® to conventional CTCA analysis. We will compare data from the 

implementation sites with data from a large registry study linking CaRi-Heart® with the risk of fatal 

and non-fatal CTCA events, in patients who have had a clinically indicated CTCA. A protocol for this 

study will be shared with NICE shortly. In brief, we intend to collect data from 800 patients, and the 

analysis is to be finished in Q1 2023. 

Data collected from each site will include:  

a. Clinical presentation of patients referred for CTCA, enabling mapping of the referral 

patient pool for CaRi-Heart® analysis in the NHS;  
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b. Patient risk reclassification, to model the cost of the change in the patient’s medication to 

the NHS and to model the total effect size of CaRi-Heart® analysis on downstream events and 

costs to the NHS;  

c. Costs to the NHS of adding CaRi-Heart® to CTCA, including cardiologists’ time in training to 

interpret CaRi-Heart® analyses, and the implementation costs per CTCA (if any) added to the 

price of a CaRi-Heart® analysis to estimate the total cost per CTCA of introducing CaRi-Heart® 

into the NHS.  

Patients from the sites will be matched with patients from an existing CTCA registry 

(https://oxhvf.com/the-orfan-study/) using Propensity Score Matching (PSM), as recommended in 

the MRC guidelines on performing natural or quasi-experimental studies. A range of PSM techniques 

will be compared based on Rubin’s rules, and the one that achieves the best covariate balance will be 

chosen. Incremental cost-effectiveness ratios will be expressed as cost per Life Year gained. 

Bootstrapping with replacement will be used to construct cost-effectiveness planes in order to display 

uncertainty around the ICERs. The probability of CaRi-Heart® to be cost-effective at different 

willingness-to-pay values of a Life Year will be displayed on cost-effectiveness acceptability curves. 

Heterogeneity will be explored in subgroup analysis based on the different pathways where CaRi-

Heart® will be implemented (e.g., stable chest pain vs. acute setting). This early health economic 

evaluation of CaRi-Heart® will be used to inform the design of larger studies. We will follow NICE 

guidance and estimate the expected value of perfect information (EVPI). This value represents the 

monetary value of eliminating the uncertainty in the cost-utility results. In other words, it provides 

decision makers with the value of acquiring further information on costs and outcomes for a number 

of people who may benefit from the additional research. EVPI can potentially be used to set research 

priorities.’ 

The cost effectiveness modelling, described above, is being undertaken by the Nuffield Department 

of Population Health at the University of Oxford; this work is led by Apostolos Tsiachristas, who is 

also a co-author on this report and has contributed to discussions of conceptual modelling. The 

anticipated completion date for this work is March 2023. 
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APPENDIX 4: ROBIS EVALUATIONS 

Kato, 202248 

DOMAIN 1: STUDY ELIGIBILITY CRITERIA 

Signaling question Rating  

1.1 Did the review adhere to pre-defined objectives and eligibility 
criteria? 

N 

1.2 Were the eligibility criteria appropriate for the review 
question? 

N 

1.3 Were eligibility criteria unambiguous? N 

1.4 Were all restrictions in eligibility criteria based on study 
characteristics appropriate? 

N 

1.5 Were any restrictions in eligibility criteria based on sources of 
information appropriate? 

N 

Concerns regarding specification of study eligibility criteria HIGH 

Rationale for concern No pre-hoc protocol presented or 
described  

DOMAIN 2: IDENTIFICATION AND SELECTION OF STUDIES 

Signaling question Rating  

2.1 Did the search include an appropriate range of databases/ 
electronic sources for published and unpublished reports? 

Y 

2.2 Were methods additional to database searching used to 
identify relevant reports? 

NI 

2.3 Were the terms and structure of the search strategy likely to 
retrieve as many eligible studies as possible? 

PY 

2.4 Were restrictions based on date, publication format, or 
language appropriate? 

NI 

2.5 Were efforts made to minimise errors in selection of studies? NI 

Concerns regarding identification and selection of studies HIGH 

Rationale for concern No additional searching methods used, 
such as perusal of reference lists. No 
reference to any restrictions on dates, 
etc. 

DOMAIN 3: DATA COLLECTION AND STUDY APPRAISAL 

Signaling question Rating  

3.1 Were efforts made to minimise error in data collection? NI 

3.2 Were sufficient study characteristics available for both review 
authors and readers to be able to interpret the results? 

Y 

3.3 Were all relevant study results collected for use in the 
synthesis? 

Y 

3.4 Was risk of bias (or methodological quality) formally assessed 
using appropriate criteria? 

NI 

3.5 Were efforts made to minimise error in risk of bias 
assessment?   

NI 

Concerns regarding data collection and study appraisal HIGH 

Rationale for concern No information was provided on 
methodology of extracting or analysing 
data 
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DOMAIN 4: SYNTHESIS AND FINDINGS 

Signaling question Rating  

4.1 Did the synthesis include all studies that it should? PN 

4.2 Were all predefined analyses followed or departures explained? NI 

4.3 Was the synthesis appropriate given the nature and similarity in 
the research questions, study designs and outcomes across 
included studies? 

NI 

4.4 Was between-studies variation (heterogeneity) minimal or 
addressed in the synthesis? 

NI 

4.5 Were the findings robust, e.g., as demonstrated through funnel 
plot or sensitivity analyses? 

NI 

4.6 Were biases in primary studies minimal or addressed in the 
synthesis? 

NI 

Concerns regarding data collection and study appraisal HIGH 

Rationale for concern In the absence of a clear pre-hoc 
protocol it is difficult to be sure that 
decisions on inclusion and exclusion 
were made prior to knowledge of the 
data revealed in the sourced papers 

 

OVERALL RATING – HIGH RISK OF BIAS 

Signaling question Rating  

A. Did the interpretation of findings address all of the concerns 
identified the Phase 2 assessment? 

No - high risk of bias 

B. Was the relevance of identified studies to the review's research 
question appropriately considered? 

Y 

C. Did the reviewers avoid emphasising results on the basis of their 
statistical significance?   

Y  
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Antonopoulos, 202225 

DOMAIN 1: STUDY ELIGIBILITY CRITERIA 

Signaling question Rating  

1.1 Did the review adhere to pre-defined objectives and eligibility 
criteria? 

PY 

1.2 Were the eligibility criteria appropriate for the review question? PY 

1.3 Were eligibility criteria unambiguous? Y 

1.4 Were all restrictions in eligibility criteria based on study 
characteristics appropriate? 

PY 

1.5 Were any restrictions in eligibility criteria based on sources of 
information appropriate? 

PY 

Concerns regarding specification of study eligibility criteria LOW 

Rationale for concern No major concerns  

DOMAIN 2: IDENTIFICATION AND SELECTION OF STUDIES 

Signaling question Rating  

2.1 Did the search include an appropriate range of databases/ 
electronic sources for published and unpublished reports? 

N – MEDLNE only 

2.2 Were methods additional to database searching used to identify 
relevant reports? 

NI 

2.3 Were the terms and structure of the search strategy likely to 
retrieve as many eligible studies as possible? 

PY 

2.4 Were restrictions based on date, publication format, or language 
appropriate? 

PY 

2.5 Were efforts made to minimise errors in selection of studies? NI 

Concerns regarding identification and selection of studies HIGH 

Rationale for concern MEDLINE only searched (via 
PubMed) 

DOMAIN 3: DATA COLLECTION AND STUDY APPRAISAL 

Signaling question Rating  

3.1 Were efforts made to minimise error in data collection? PY – two reviewers made final 
selection, but no information on how 
this was done 

3.2 Were sufficient study characteristics available for both review 
authors and readers to be able to interpret the results? 

N 

3.3 Were all relevant study results collected for use in the synthesis? NI 

3.4 Was risk of bias (or methodological quality) formally assessed 
using appropriate criteria? 

Y – quality in prognostic studies tool 

3.5 Were efforts made to minimise error in risk of bias assessment?   NI 

Concerns regarding data collection and study appraisal HIGH 

Rationale for concern No information was provided on 
patient characteristics 

DOMAIN 4: SYNTHESIS AND FINDINGS 

Signaling question Rating 

4.1 Did the synthesis include all studies that it should? PN 

4.2 Were all predefined analyses followed or departures explained? PY 

4.3 Was the synthesis appropriate given the nature and similarity in 
the research questions, study designs and outcomes across 
included studies? 

PY 
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Signaling question Rating 

4.4 Was between-studies variation (heterogeneity) minimal or 
addressed in the synthesis? 

Y – RE model used 

4.5 Were the findings robust, e.g., as demonstrated through funnel 
plot or sensitivity analyses? 

NI 

4.6 Were biases in primary studies minimal or addressed in the 
synthesis? 

PY 

Concerns regarding data collection and study appraisal HIGH 

Rationale for concern In the absence of a clear pre-hoc 
protocol it is difficult to be sure that 
decisions on inclusion and exclusion 
were made prior to knowledge of the 
data revealed in the sourced papers 

 

OVERALL RATING – HIGH RISK OF BIAS 

Signaling question Rating  

A. Did the interpretation of findings address all of the concerns 
identified the Phase 2 assessment? 

No - high risk of bias 

B. Was the relevance of identified studies to the review's research 
question appropriately considered? 

Y 

C. Did the reviewers avoid emphasizing results on the basis of their 
statistical significance?   

Y 
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Bytyci, 202279 

DOMAIN 1: STUDY ELIGIBILITY CRITERIA 

Signaling question Rating guidance 

1.1 Did the review adhere to pre-defined objectives and eligibility 
criteria? 

PY 

1.2 Were the eligibility criteria appropriate for the review question? Y 

1.3 Were eligibility criteria unambiguous? PN 

1.4 Were all restrictions in eligibility criteria based on study 
characteristics appropriate? 

PY 

1.5 Were any restrictions in eligibility criteria based on sources of 
information appropriate? 

NI 

Concerns regarding specification of study eligibility criteria LOW 

Rationale for concern No major concerns 

DOMAIN 2: IDENTIFICATION AND SELECTION OF STUDIES 

Signaling question Rating guidance 

2.1 Did the search include an appropriate range of databases/ 
electronic sources for published and unpublished reports? 

PY 

2.2 Were methods additional to database searching used to identify 
relevant reports? 

Y 

2.3 Were the terms and structure of the search strategy likely to 
retrieve as many eligible studies as possible? 

PY 

2.4 Were restrictions based on date, publication format, or language 
appropriate? 

PY 

2.5 Were efforts made to minimise errors in selection of studies? PY 

Concerns regarding identification and selection of studies LOW 

Rationale for concern No major concerns  

DOMAIN 3: DATA COLLECTION AND STUDY APPRAISAL 

Signaling question Rating 

3.1 Were efforts made to minimise error in data collection? Y 

3.2 Were sufficient study characteristics available for both review 
authors and readers to be able to interpret the results? 

Y 

3.3 Were all relevant study results collected for use in the synthesis? PY 

3.4 Was risk of bias (or methodological quality) formally assessed 
using appropriate criteria? 

Y 

3.5 Were efforts made to minimise error in risk of bias assessment?   Y 

Concerns regarding data collection and study appraisal LOW 

Rationale for concern No major concerns  

DOMAIN 4: SYNTHESIS AND FINDINGS 

Signaling question Rating  

4.1 Did the synthesis include all studies that it should? PY 

4.2 Were all predefined analyses followed or departures explained? PY 

4.3 Was the synthesis appropriate given the nature and similarity in 
the research questions, study designs and outcomes across 
included studies? 

PY – but not for inflammatory 
markers 

4.4 Was between-studies variation (heterogeneity) minimal or 
addressed in the synthesis? 

Y – RE model used 

4.5 Were the findings robust, e.g., as demonstrated through funnel 
plot or sensitivity analyses? 

N 
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Signaling question Rating  

4.6 Were biases in primary studies minimal or addressed in the 
synthesis? 

NI 

Concerns regarding data collection and study appraisal UNCLEAR 

Rationale for concern No comment on ROB in included 
studies 

 

OVERALL RATING – HIGH RISK OF BIAS 

Signaling question Rating guidance 

A. Did the interpretation of findings address all of the concerns 
identified the Phase 2 assessment? 

PY 

B. Was the relevance of identified studies to the review's research 
question appropriately considered? 

Y 

C. Did the reviewers avoid emphasizing results on the basis of their 
statistical significance?   

Y 
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Fulcher, 2022106 

DOMAIN 1: STUDY ELIGIBILITY CRITERIA 

Signaling question Rating  

1.1 Did the review adhere to pre-defined objectives and eligibility 
criteria? 

PN - very vague inclusion criteria 
only given 

1.2 Were the eligibility criteria appropriate for the review question? N 

1.3 Were eligibility criteria unambiguous? N 

1.4 Were all restrictions in eligibility criteria based on study 
characteristics appropriate? 

NI 

1.5 Were any restrictions in eligibility criteria based on sources of 
information appropriate? 

NI 

Concerns regarding specification of study eligibility criteria HIGH 

Rationale for concern Very vague protocol  

DOMAIN 2: IDENTIFICATION AND SELECTION OF STUDIES 

Signaling question Rating  

2.1 Did the search include an appropriate range of databases/ 
electronic sources for published and unpublished reports? 

PN 

2.2 Were methods additional to database searching used to identify 
relevant reports? 

NI 

2.3 Were the terms and structure of the search strategy likely to 
retrieve as many eligible studies as possible? 

PN 

2.4 Were restrictions based on date, publication format, or language 
appropriate? 

NI 

2.5 Were efforts made to minimise errors in selection of studies? PN 

Concerns regarding identification and selection of studies HIGH 

Rationale for concern No information on databases or 
methodology 

DOMAIN 3: DATA COLLECTION AND STUDY APPRAISAL 

Signaling question Rating  

3.1 Were efforts made to minimise error in data collection? NI 

3.2 Were sufficient study characteristics available for both review 
authors and readers to be able to interpret the results? 

PY 

3.3 Were all relevant study results collected for use in the synthesis? PN 

3.4 Was risk of bias (or methodological quality) formally assessed 
using appropriate criteria? 

NI 

3.5 Were efforts made to minimise error in risk of bias assessment?   NI 

Concerns regarding data collection and study appraisal HIGH 

Rationale for concern No information provided on 
methodology of extracting or 
analyzing data 

DOMAIN 4: SYNTHESIS AND FINDINGS 

Signaling question Rating 

4.1 Did the synthesis include all studies that it should? PN 

4.2 Were all predefined analyses followed or departures explained? NI 

4.3 Was the synthesis appropriate given the nature and similarity in 
the research questions, study designs and outcomes across 
included studies? 

NI 

4.4 Was between-studies variation (heterogeneity) minimal or 
addressed in the synthesis? 

NI 
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Signaling question Rating 

4.5 Were the findings robust, e.g., as demonstrated through funnel 
plot or sensitivity analyses? 

NI 

4.6 Were biases in primary studies minimal or addressed in the 
synthesis? 

NI 

Concerns regarding data collection and study appraisal HIGH 

Rationale for concern In the absence of a clear pre-hoc 
protocol it is difficult to be sure that 
decisions on inclusion and exclusion 
were made prior to knowledge of the 
data revealed in the sourced papers 

 

OVERALL RATING – HIGH RISK OF BIAS 

Signaling question Rating  

A. Did the interpretation of findings address all of the concerns 
identified the Phase 2 assessment? 

No - high risk of bias 

B. Was the relevance of identified studies to the review's research 
question appropriately considered? 

NA – no research question. High risk 
of bias 

C. Did the reviewers avoid emphasizing results on the basis of their 
statistical significance?   

Y 
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Mihaylova, 2022107 

DOMAIN 1: STUDY ELIGIBILITY CRITERIA 

Signaling question Rating 

1.1 Did the review adhere to pre-defined objectives and eligibility 
criteria? 

PN - very vague inclusion criteria 
only given 

1.2 Were the eligibility criteria appropriate for the review question? N 

1.3 Were eligibility criteria unambiguous? N 

1.4 Were all restrictions in eligibility criteria based on study 
characteristics appropriate? 

NI 

1.5 Were any restrictions in eligibility criteria based on sources of 
information appropriate? 

NI 

Concerns regarding specification of study eligibility criteria HIGH 

Rationale for concern Very vague protocol  

DOMAIN 2: IDENTIFICATION AND SELECTION OF STUDIES 

Signaling question Rating 

2.1 Did the search include an appropriate range of databases/ 
electronic sources for published and unpublished reports? 

PN 

2.2 Were methods additional to database searching used to identify 
relevant reports? 

NI 

2.3 Were the terms and structure of the search strategy likely to 
retrieve as many eligible studies as possible? 

PN 

2.4 Were restrictions based on date, publication format, or language 
appropriate? 

NI 

2.5 Were efforts made to minimise errors in selection of studies? PN 

Concerns regarding identification and selection of studies HIGH 

Rationale for concern No information on databases or 
methodology 

DOMAIN 3: DATA COLLECTION AND STUDY APPRAISAL 

Signaling question Rating  

3.1 Were efforts made to minimise error in data collection? NI 

3.2 Were sufficient study characteristics available for both review 
authors and readers to be able to interpret the results? 

PY 

3.3 Were all relevant study results collected for use in the synthesis? PN 

3.4 Was risk of bias (or methodological quality) formally assessed 
using appropriate criteria? 

NI 

3.5 Were efforts made to minimise error in risk of bias assessment?   NI 

Concerns regarding data collection and study appraisal HIGH 

Rationale for concern No information provided on 
methodology of extracting or 
analyzing data 

DOMAIN 4: SYNTHESIS AND FINDINGS 

Signaling question Rating  

4.1 Did the synthesis include all studies that it should? PN 

4.2 Were all predefined analyses followed or departures explained? NI 

4.3 Was the synthesis appropriate given the nature and similarity in 
the research questions, study designs and outcomes across 
included studies? 

NI 

4.4 Was between-studies variation (heterogeneity) minimal or 
addressed in the synthesis? 

NI 
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Signaling question Rating  

4.5 Were the findings robust, e.g., as demonstrated through funnel 
plot or sensitivity analyses? 

NI 

4.6 Were biases in primary studies minimal or addressed in the 
synthesis? 

NI 

Concerns regarding data collection and study appraisal HIGH 

Rationale for concern In the absence of a clear pre-hoc 
protocol it is difficult to be sure that 
decisions on inclusion and exclusion 
were made prior to knowledge of the 
data revealed in the sourced papers  

 

OVERALL RATING – HIGH RISK OF BIAS 

Signaling question Rating  

A. Did the interpretation of findings address all of the concerns 
identified the Phase 2 assessment? 

No - high risk of bias 

B. Was the relevance of identified studies to the review's research 
question appropriately considered? 

NA – no research question. High risk 
of bias 

C. Did the reviewers avoid emphasizing results on the basis of their 
statistical significance?   

Y 
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APPENDIX 5: QUIPS EVALUATIONS 

QUPIS tool evaluation for Chatterjee 202236  

Domain Description Rating 

Study participation The relationship between the PF and outcome is unlikely to be different for participants 
and eligible non-participants 

Low risk of bias 

Study attrition The relationship between the PF and outcome is unlikely to be different for completing 
and non-completing participants 

Low risk of bias 

Prognostic factor measurement The measurement of the PF is unlikely to be different for different levels of the 
outcome of interest 

Low risk of bias 

Outcome measurement The measurement of the outcome is unlikely to be different related to the baseline 
level of the PF 

Low risk of bias 

Study confounding The observed effect of the PF on outcome is unlikely to be distorted by another factor 
related to PF and outcome 

Low risk of bias 

Statistical analysis and reporting The reported results are unlikely to be spurious or biased related to analysis or 
reporting 

Low risk of bias 

PF: prognostic factor; QUIPS: Qualitative Impact Assessment Protocol 
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APPENDIX 6: QUESTIONS TO CLINICAL SPECIALIST COMMITTEE MEMBERS AND 

RESPONSES RECEIVED 

For this Early Value Assessment (EVA), we have identified only one study evaluating CaRi-Heart Risk: 
Oikonomou EK, Antonopoulos AS, Schottlander D, Marwan M, Mathers C, Tomlins P, et al. 
Standardized measurement of coronary inflammation using cardiovascular computed tomography: 
integration in clinical care as a prognostic medical device. Cardiovasc Res 2021;117(13):2677-90. 
 
The focus of the evidence review is, therefore, consideration of the extent to which this study 
addresses the clinical question defined at scope. As part of this process, we would like to request 
your input with respect to the ‘appropriateness’ of the variables (additional to fat attenuation index 
(FAI) score) included in the CaRi-Heart® Risk model, and the ‘standard care’ method of risk 
assessment to which it is compared, specifically: 
  
The above publication describes the CaRi-Heart® Risk model as incorporating (in addition to FAI-
score), atherosclerotic plaque burden (as described by the modified Duke coronary artery disease 
(CAD) index), diabetes, smoking, hyperlipidaemia, and hypertension. 
  
When considering cardiac risk, in patients who are undergoing computed tomography coronary 
angiography (CTCA) for the investigation of suspected CAD: 
 
• Are there any additional clinical risk factors (other than diabetes, smoking, hyperlipidaemia, 

and hypertension) that you would routinely consider? Please list any additional clinical risk 
factors that you consider form part of standard care for risk assessment 

 
• What imaging parameters (available from current standard CTCA), would routinely be 

reported/considered as part of standard care for risk assessment? 
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‘Easy answer to the first question. There are a number of other risk factors which are on the QRISK3 

calculation. They include heart attack in first degree relative <60, chronic kidney disease, BMI, severe 

mental illness, use of antipsychotic drugs, atrial fibrillation and steroid use. Of these a very strong 

family history of premature coronary disease is a particularly potent risk factor (genetics).  

The imaging question you post is relevant. In the UK cardiac imaging is generally performed when 

patients present with chest pains etc rather than as a risk assessment tool. I suspect it may have 

been different in the USA cohort in the Cardiovac Research paper (2021). It would be a big leap for 

GPs to go from QRISK3 scoring to sending hundreds of thousands of patients for CT scans that they 

wouldn't normally be considered for. 

In the Cardiovasc Res (2021) paper the cardiac death rates were very low at 1.4% over 6 years - this 

comes to 0.23% per year in the European cohort (i.e., 1 in 450 chance of dying per year).  I can't see 

any details of the mode of death and in particular whether this was acute myocardial infarction. 

For me there are a couple of missing pieces in the jigsaw. 1) Do the people with markers of 

inflammation in the coronary arteries also have inflammation in their abdominal fat (i.e., is this a 

systemic effect which is a marker of bad health - potentially related to kidney disease, obesity, 

mental illness etc... all of which have mortality implications). 2) They must have looked for people 

with an inflamed right coronary artery being admitted with a heart attack due to a blocked right 

coronary artery. I can't see any data on FAI predicting a heart attack in a specific artery. 

Would be interested in others' views.’ 
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‘The patients who have a CTCA are largely going to be referred for investigation of chest pain. I agree 

with the comments about Q Risk 3, but these clinical risk models in general overestimate risk. The 

proposed CaRi heart score incorporates both the most important clinical risk factors and CT imaging 

markers, including information about the atherosclerotic plaque burden, and the fat attenuation 

index. As was described at our last meeting this is a 'black box' and we don't know the contribution of 

each of these components. However, this score does outperform the clinical model and the outcome 

is death. Q -risk is MI or stroke risk rather than death.  

In answer to the specific questions  

1. In patients undergoing CTCA I suspect that if there is no disease evident and the CTCA is 'normal' 

then treatment would be guided by standard guidelines including Q risk assessment by the GP. If 

plaque disease is present, then most recommend aspirin and statin, with attention to other 

cardiac risk factors. I don't think a risk score would change this recommendation in the presence 

of anatomical plaque. One key question is whether the CaRi Heart score can improve this 

stratification perhaps most importantly in that large cohort with 'normal' CTCA because those 

with plaque are going to be treated anyway. That population with 'normal' CTCA may benefit 

from refined risk assessment.  

2. Atherosclerotic plaque burden is reported - usually in a subjective way. Although there is 

probably variation in practice. It would be interesting to hear views on how this is used by 

colleagues. It doesn't directly alter my approach to recommending treatment in the presence of 

anatomical disease, recognising that those with more plaque are likely to do worse, and if we 

could better stratify that risk it might be helpful - although I don't know what we would do 

differently at this stage other than aspirin, high dose statins and addressing the other modifiable 

risk factors.   

I am less concerned than Gerald about the vessel specific prediction of event by FAI, and I think that 

one of the key drivers for the improved risk assessment maybe of the CaRi Heart score is that the 

anatomical extent of disease is incorporated into the black box model, and we may not be able to 

separate those components.’  

‘Replying from the perspective of a radiologist reporting CTCA: 

(1) What imaging parameters (available from current standard CTCA), would routinely be 

reported/considered as part of standard care for risk assessment? 
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In addition to severity of stenosis and length of stenosis, I report the position of the lesion (e.g., Left 

main stem and proximal LAD are particularly important) and whether it is fully calcified / mixed 

density / soft tissue density (i.e., can be induced to calcify with statins). The overall plaque burden is 

subjectively reported (i.e., overall amount, what proportion of vessels, age is taken into account in 

the emphasis - the younger with disease being more worry-some). Whether the lesion has features of 

vulnerability (aka napkin ring sign) or an obvious dissection is apparent, or whether a lesion appears 

more as vessel wall irregularity or thickening with perivascular fat stranding - i.e., implying there is 

localised vasculitis. Whether there is an anatomical variation putting the patient at more severe risk 

from a particular plaque is commented up if present.  

We use HeartFlow for all lesions subjectively assessed as moderate or greater in severity of stenosis. 

Utilising computational fluid dynamics modelling to compute an estimate of lesions Fractional Flow 

Reserve (CT-FFR) this in effect assesses whether the stenoses are tight and long enough to cause 

“flow limiting disease” that is likely to be symptomatic. We also see a falloff in CT-FFR in distal 

vessels which is currently thought of equivocal significance, but may possibly represent otherwise 

unmeasurable microscopic diffuse coronary artery disease. (One thought is that since HeartFlow also 

estimates myocardial volume for each vascular territory, what it might be reflecting is whether a 

vessel is large enough to supply that amount of myocardium).  

Note that the widely (but not universally) used CADRADs system of reporting CTCA plaque severity 

now includes in it’s recent “2.0” update scoring of overall plaque burden.  

https://pubs.rsna.org/doi/10.1148/ryct.220183 

(2) Are there any additional clinical risk factors (other than diabetes, smoking, hyperlipidaemia, and 

hypertension) that you would routinely consider? Please list any additional clinical risk factors that 

you consider form part of standard care for risk assessment. 

Gerald’s list of risk factors as implied by the QRISK3 calculator is quite reasonable and I see these 

listed in CTCA referrals to me. I would comment anecdotally that we have large numbers patients 

with high BMI on our lists, who turn out to have no obvious coronary artery disease, whereas all too 

many thin patients who have lots of disease. I suspect BMI as a risk factor is more about downstream 

demand upon the heart rather than not of CAD itself.  Furthermore, genetics is not the only reason 

for the familial risk factor - lifestyle habits and exposure (both food and pathogens) frequently have 

commonality in families. 

https://pubs.rsna.org/doi/10.1148/ryct.220183
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I find the comments about right coronary artery FAI and inflammation elsewhere (e.g., abdominal 

vasculature) intriguing. One increasingly important set of risk factors perhaps not yet fully recognised 

to be put on the CTCA request history by the referrers (i.e., cardiologists at my hospital) are the 

systemic inflammatory diseases. I see plenty of referrals with “COVID”, but are yet to see any with 

Psoriasis, Rheumatoid Arthritis and Gout which are growing in interest as risk factors for CAD due to 

their possible vascular aetiologies. (Many systemic diseases like these may however be reflected in 

the “use of steroids” risk factor.) 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7462628/ 

There is a chicken and egg question here. Do the perivascular fat changes represent a response to 

coronary artery disease, or, does it represent a measurable feature that is a precursor to the actual 

development of plaque? Perhaps both. If the latter is true - CariHeart therefore could potentially be 

useful in identifying patients where a treatment could be aimed at settling the inflammation before it 

develops into (initially soft tissue) coronary arterial plaques. Statins are thought to convert soft tissue 

plaques more quickly into calcified plaques, which is not a cure but a mitigation hoping to reduce the 

risk of future plaque rupture. For those of the panel who were at the BSCI conference in Bath:- anti-

inflammatory medications such as Colchicine (used to treat Gout flare ups) were mentioned as 

potential anti-inflammatory treatment.  

Lastly CariHeart does not have to be just applied to CTCA scans. Having worked with a GE revolution 

scanner which was being used principally for A&E traumas, the newer generation of scanners is 

producing remarkably good images of the heart (although not intentionally) when visualising the 

thorax for other reasons. Just as the BSCI has previously advised a review of the degree of 

calcification of coronary arteries when the thorax is imaged (under the premise that young with 

calcified disease are at increased risk of future coronary events; whereas the old with none are 

conversely at much lower risk), CariHeart may potentially be a useful way of screening patients for 

risk of developing plaques in future from pre-existing scans.’  

https://www.birpublications.org/doi/10.1259/bjr.20200894 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7462628/
https://www.birpublications.org/doi/10.1259/bjr.20200894
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‘I’m answering from a radiologists perspective so will try not to stray too far into territory outside my 

expertise! And note that some good points have been made already.  

When considering cardiac risk, in patients who are undergoing CTCA for the investigation of 

suspected CAD: 

• Are there any additional clinical risk factors (other than diabetes, smoking, hyperlipidaemia, 

and hypertension) that you would routinely consider? Please list any additional clinical risk 

factors that you consider form part of standard care for risk assessment. As per comments 

below there are various additional risk factors and scores which are relevant although still 

relatively crude. Going forward, I think more accurate risk prediction is going to play a greater 

role in clinical medicine. Moving towards personalised medicine in an increasingly multimorbid 

population with ever more treatments and interventions available, could provide benefits to 

individuals and society but requires such prediction models to be better tailored to the individual. 

An interesting paradigm in medicine is the need to have better diagnostic tools to assess the 

impact of novel treatments and interventions, therefore you often can’t have one without the 

other and these develop in parallel. Having said that, not all diagnostic investigations will find a 

role beyond a research setting if they don’t have a use on a patient-by-patient basis.  

• What imaging parameters (available from current standard CTCA), would routinely be 

reported/considered as part of standard care for risk assessment? As Rob said, practice is 

heterogeneous and will vary by centre and individual expertise.  Coronary calcium score has been 

best validated as an additional risk factor in an asymptomatic population and not routinely 

performed in patients referred for chest pain assessment. CADRAD-2 is probably the best 

“template” for a comprehensive CT coronary angiogram report but recently described and 

therefore use won’t be widespread. Even where it is in use, much of the risk is subjective and we 

know that interobserver variability for many imaging findings is generally poor and 

interpretation subject to bias. Standardisation is therefore limited in this context. HeartFlow is 

useful for predicting whether anatomical stenoses are causing symptoms and can help determine 

which patients may benefit from revascularisation but doesn’t predict the overall vascular risk. I 

suspect in some centres the CT report will focus mainly on functionally significant stenosis and 

role for interventions rather than a more holistic view of overall burden of atheroma. Again, not 

standard of care and I’m not sure what is commercially available, but software to assess high risk 

plaques may also have a role for risk prediction.  

Finally, as we discussed at the meeting, there may be scope for the use of CaRi-Heart outside the 

population and parameters studied e.g., asymptomatic patients with some risk factors, acute chest 
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pain presentations, non-cardiac gated studies, but obviously evidence is not currently available in 

these patients/settings.’ 

When considering cardiac risk, in patients who are undergoing CTCA for the investigation of 

suspected CAD:  

• Are there any additional clinical risk factors (other than diabetes, smoking, hyperlipidaemia, 

and hypertension) that you would routinely consider? Please list any additional clinical risk 

factors that you consider form part of standard care for risk assessment. 

o Age 

o Gender  

o Post code  

The advantage of Qrisk over Euroscore (predicts mortality)  etc is the inclusion of post code which 

include IMD status. In Scotland they use ASSIGN. 

I believe the initial CRISP study publication compared to standard risk model and found a small 

incremental benefit in AUC for using the FAI model.  

(Oikonomou EK, Marwan M, Desai MY, Mancio J, Alashi A, Hutt Centeno E et al. Non-invasive 

detection of coronary inflammation using computed tomography and prediction of residual 

cardiovascular risk (the CRISP CT study): a post-hoc analysis of prospective outcome data. Lancet 

2018;392:929–39.)  

However, this improved AUC  was lost if you gave the patient a statin.  

So the real Q is how Cari  Heart helps in the 30% that you are not going to advise a statin (normal 

coronaries). The metanalysis Mani sent around touches on this.’   

What imaging parameters (available from current standard CTCA), would routinely be 

reported/considered as part of standard care for risk assessment? 

‘The risk parameters include:  

• Coronary calcium scoring (if performed)  

• Presence absence of plaque 

• Severity of plaque – CAD RADS 2 includes metrics standardly used which incorporates 

features of increased risk 

o Degree stenosis  

o Number of vessels and LMS involvement  
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o Amount of plaque (not quantified – visual: P1-4; you can use CACS as well for this)  

o High risk plaque features (yes/no) and number of HRP features 

o Ischaemia testing (yes/no) from CT FFR  

This is ‘best standard of care’ – and should be reported on every CCTA scan report. However, I suspect 

the majority of report in the UK don’t include this level of detail or nuance. Nor do the people 

receiving the report understand the nuances. Finally, there is no final % risk given in the report. We 

can’t do this at the moment. You can say the relative risk is 32x if you have 3 HRP features- but what 

does that mean?!  

I am aware that Caristo have ORFAN running and a NHSE award in 4 trusts so that they may be able 

to answer many of these Q in the future. They also now are incorporating plaque quantification. 

However, none of this data is available.’ 
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APPENDIX 7: OVERVIEW OF UTILITIES FOR MACE 

Source AMI MI Stroke Post-stroke Stable 
angina 

Unstable/ 
unspecified 

angina 

PAD Revascularis
ation 

Heart 
failure 

CABG Country 

Blieden betts 2018116 - Barton 2008 N/R N/R N/R 0.612  
(SE: 0.318) 

N/R N/R N/R N/R N/R N/R N/R 

Blieden betts 2018116 - Darlington 2007 - 
1 year 

0.72  
(SE: 0.22) 

N/R 

Blieden betts 2018116 - Darlington 2007 - 
2 months 

0.69  
(SE: 0.25) 

N/R 

Blieden betts 2018116 - De smedt 2014 0.78 (95% 
CI: 0.66 to 1) 

N/R N/R 

N/R 0.69  
(95% CI: 

0.52 to 0.85) 

N/R 

Blieden betts 2018116 - Fenny 2012 - 6 
month 

N/R 0.76  
(SE: 0.18) 

N/R 

Blieden betts 2018116 - Fenny 2012 - 
Baseline 

0.77  
(SE: 0.18) 

N/R 

Blieden betts 2018116 - Han 2012 0.75  
(SE: 0.19 ) 
(95% CI: 

0.73 to 0.77) 

N/R N/R 

Blieden betts 2018116 - Hebert 2008 - HF 
patient in nurse-led program - 1 year 

N/R 0.708 N/R 

Blieden betts 2018116 - Hebert 2008 - HF 
patient receiving usual care - 1 year 

0.6651 N/R 

Blieden betts 2018116 - Kaplan 2011 - 
from baseline to 1 month 

0.005  
(SE: 0.14) 

N/R 

Blieden betts 2018116 - Kaplan 2011 - 
from baseline to 6 months 

0.000  
(SE: 0.16) 

N/R 

Blieden betts 2018116 - Sanchez 2010  0.4305 N/R 

Blieden betts 2018116 - Sanchez 2010 - 
HF treated with peritoneal dialysis - 6 

0.6727 N/R 
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Source AMI MI Stroke Post-stroke Stable 
angina 

Unstable/ 
unspecified 

angina 

PAD Revascularis
ation 

Heart 
failure 

CABG Country 

months 

Blieden betts 2018116 - Stevanociv 2014  0.6385 UK 

Blieden betts 2018116 - Kraai 2013 0.68  
(SE: 0.26) 

N/R 

Blieden betts 2018116 - Wannasiri 2011 0.55 N/R N/R 

Blieden betts 2020117 0.79  
(95% CI: 

0.73 to 0.85) 

0.65  
(95% CI: 

0.44 to 0.78) 

0.75  
(95% CI: 

0.67 to 0.78) 

0.71  
(95% CI: 

0.63 to 0.86) 

0.72  
(95% CI: 

0.64 to 0.78) 

0.80  
(95% CI: 

0.73 to 0.84) 

N/R 

Creber 2022118 - baseline N/R N/R N/R N/R N/R N/R 0.76  
(95% CI: 

0.74 to 0.78) 

Multi 
country 

Creber 2022118 - follow - up 0.86  
(95% CI: 

0.85 to 0.97) 

Multi 
country 

De la Puente 2017119 - Clopidogrel 0.7770 0.677 N/R Germany 

De la Puente 2017119 - Ticagrelor 0.7940 0.7360 Germany 

Di Tanna 2021120 - HF N/R N/R 0.64 to 0.72 N/R 

Duarte 2021121 -0.0626 
(0.0132) 

-0.0368  
(SE: 0.0257) 

`-0.0092 N/R -0.033 
(SE:0.001) 

Focus on UK 

Gao 2019122 N/R N/R 0.76 N/R N/R Australia 

Health Quality Ontario 2016123 - 
Berkhemer intervention 

0.69  
(95% CI: 

0.33 to 0.85) 

Canada 

Health Quality Ontario 2016123 - 
Berkhemer - Control 

0.66  
(95% CI: 

0.30 to 0.81) 

Canada 

Health Quality Ontario 2017124 0.59  
(SE: 0.001) 

0.68  
(SE: 0.0018) 

N//R UK 

Health Quality Ontario 2020125 N/R N/R N/R 

Joundi et al 2022126 0.66  
(0.63 to 

Multi 
country 
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Source AMI MI Stroke Post-stroke Stable 
angina 

Unstable/ 
unspecified 

angina 

PAD Revascularis
ation 

Heart 
failure 

CABG Country 

0.67) 

Perera 2015127 - Greving 2011 0.88  
(95% CI: 

0.80 to 0.96) 

0.50  
(0.00 to 

0.75) 

Multi 
country 

Shan 2015128 N/R N/R 0.61 N//R 

Stahl 2017129 0.870  
(SE: 0.2) 

0.74  
(0.25) 

N/R 0.630  
(0.02) 

UK (=stroke) 

Sterne 2017130 0.683  
(SE: 0.233) 

0.718  
(SE: 0.243) 

–0.59 
Uniform  

(–0.885 to –
0.295) 

0.69  
(0.18) 

N/R UK 

Stevanovic 2016131 N/R 0.7638  
(SE: 0.0246) 

N/R N/R 0.7792 
(0.025) 

N/R 

Westwood 2021132 Age specific 
post MI - 

linear 
regression 

model 

N/R UK 

AMI: acute myocardial infarction; CABG: coronary artery bypass graft; CI: confidence interval; MACE: major adverse cardiovascular events; MI: myocardial infarction; N/R: not reported; SE: 
standard error; UK: United Kingdom 

 


