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Aims Coronary computed tomography angiography (CCTA) is a first-line investigation for chest pain in patients with suspected 
obstructive coronary artery disease (CAD). However, many acute cardiac events occur in the absence of obstructive 
CAD. We assessed the lifetime cost-effectiv eness of integrating a novel artificial intelligence-enhanced image analysis 
algorithm (AI-Risk) that stratifies the risk of cardiac events by quantifying coronary inflammation, combined with the 
extent of coronary artery plaque and clinical risk factors, by analysing images from routine CCTA. 
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Met hods a nd 

results 
A hybrid decision-tree with population cohort Markov model was developed from 3393 consecutive patients who under- 
went routine CCTA for suspec ted obstruc tive CAD and followed up for major adverse cardiac events over a median (in- 
terquartile range) of 7.7(6.4–9.1) years. In a prospective real-world evaluation survey of 744 consecutive patients under- 
going CCTA for chest pain investigation, the availability of AI-Risk assessment led to treatment initiation or intensification 
in 45% of patients. In a further prospective study of 1214 consecutive patients with extensive guidelines recommended 
cardiovascular risk profiling, AI-Risk stratification led to treatment initiation or intensification in 39% of patients beyond 
the current clinical guideline recommendations. Treatment guided by AI-Risk modelled over a lifetime horizon could 
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lead to fewer cardiac events (relative reductio
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heart failure, and cardiac death, respec tively). Implementing AI -Risk Classification in routine interpretation of CCTA is 
highly likely to be cost-effective (incremental cost-effectiveness ratio £1371–3244), both in scenarios of current guideline 
compliance, or when applied only to patients without obstructive CAD. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Conclusions Compared with standard care, the addition of AI-Risk assessment in routine CCTA interpretation is cost-effective, by 
refining risk-guided medical management. 
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Key learning points 

What is already known 

� Coronary computed tomography angiography (CCTA) is the first-line investigation for chest pain, but only approximately 20% scans 
demonstrated obstructive coronary artery disease (CAD). 

� Coronary inflammation could be assessed non-invasively on routine acquired CCTA, and integrated with clinical risk factors using artificial 
intelligence (AI-Risk) that predicts future cardiac events even in the absence of obstructive CAD. 

What this study adds 
� Implementation of AI-Risk Classification in the UK National Health Service for the analysis of CCTA scans, performed as part of standard 
care for investigation of chest pain, leads to changes of management in up to 45% of patients. 

� Integration of AI-Risk Classification in routine CCTA interpretation is highly likely to represent value for money across a range of 
implementation price points over a lifetime horizon. 

� AI-Risk assessment remains cost-effectiv e ev en when f ull compliance with National Institute for Health and Care Excellence guidelines is 
assumed. 
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Introduction 

Cardiovascular disease (CVD) is a leading cause of death worldwide
and is associated with significant socioeconomic burden.1 Contempo-
rary CVD risk assessment in the general population is currently based
on demographic characteristics and clinical risk, while the 10-year risk
of fatal and non-fatal CVD is then calculated using risk scores such
as QRISK3,2 SCORE2,3 or others, to guide preventive treatments
(e.g. statin treatment if CVD risk ≥10%). The increasing number
of individuals undergoing coronary computed tomography angiogra-
phy (CCTA) as first-line investigation for suspected coronary artery
disease (CAD) offers a unique opportunity to refine cardiovascular
risk management, moving from the use of clinical factors-based risk
calculators (e.g. QRISK3) to a more refined risk classification system
taking into account information about coronary atherosclerosis and
disease activity, extractable from routine CCTA.4 

A new artificial intelligence-enhanced cardiac risk prediction model
(AI-Risk model) has been developed by combining clinical risk factors
with quantitative metrics from routine CCTA, including coronary in-
flammation measured by perivascular fat attenuation index (FAI) score
and the extent of coronary atherosclerosis,5 , 6 to provide individual-
ized cardiac risk prediction. This model has been incorporated into
a regulatory cleared medical device (CaRi-Heart®, Caristo Diagnos-
tics), and it has been deployed recently in clinical practice in Europe,
UK, and Australia, as a tool to guide initiation or intensification of
risk-reduction interventions. A previous study has shown that the
new AI-Risk Classification significantly improves prediction of major
adverse cardiac events (MACE) among patients undergoing CCTA
in the UK (vs. QRISK3),7 while statin treatment reduces coronary
inflammation and the residual inflammatory risk captured by AI-Risk
Classification.8 , 9 This would support the deployment of preventa-
tive treatments in these individuals to improve their cardiovascular
outcomes, thereby reducing the socioeconomic impact of acute car-
diovascular events. 
This study aimed to evaluate the cost-effectiv eness of incorporating

the AI-Risk Classification system within the existing clinical care path-
way of stable chest pain, in the context of the UK National Health
Service (NHS). 

Methods 

Study design and clinical cohorts 
The cost-effectiveness model was based on the input parameters
derived from three patient cohorts and a published meta-analysis
as follows and the flow-diagram for study design is presented in
Supplementary materials online, Figure S1: 
(1) A long-term outcomes cohort study. The Oxford Risk Factor and
Non-invasive imaging (ORFAN) study (NCT05169333) that evaluated
the prognostic value of AI-Risk Classification against true cardiac
events recorded during prospective follow up.7 

(2) A prospective real world evaluation survey. Assessing the impact
of the AI-Risk Classification system on medical management after
CCTA. 

(3) A prospective clinical study. Designed to evaluate the reclassification
achieved using the AI-Risk Classification system, and to model the
impact of AI-Risk deployment on patient management, assuming
absolute compliance with current National Institute for Health and
Care Excellence (NICE) clinical guidelines.4 

(4) A published meta-analysis of all outcomes clinical trials was used to
model the effect size of statin treatment on various cardiovascular
outcomes, based on the baseline risk level of the individuals treated.11

A brief description of these is presented below, and further details are
included in the supplementary materials. 

Long-term outcomes cohort study 

Consecutive patients from the ORFAN study ( n = 3393) were fol-
lowed for a median of 7.7-years (interquartile range 6.4–9.1 years)
for MACE, including myocardial infarction (MI), ischaemic stroke, heart
failure, and cardiac mortality (Detailed definitions are provided in
Supplementary materials online, Table S1). The presence or absence of
obstructive C AD on CC TA was used to define the initial CAD sta-
tus. In the Markov model, this informed the likelihood of transitioning
from one health state to another (or remaining in the same health
state). The baseline CAD status was defined by the presence/absence
of obstructive coronary atherosclerosis based on the Society of Car-
diovascular Computed Tomography (SCCT)/the American College of
Cardiology (ACC)/the American College of Radiology (ACR)/the North
America Society of Cardiovascular Imaging (NASCI) guideline12 ( Figure 1 ),
followed by further stratification based on AI-Risk Classification levels
(low/mid, high, and very high risk categories) as previously defined6 , 10

( Supplementary material online, Figure S2). The total number of observed
MACE ( n = 706) were divided by the total number of life months (i.e.
the accumulated months of being alive across all patients during the
observation period) multiplied by 3 (as a cycle in the Markov model is
3 months). As a result, the transition probabilities were equal between
the first and subsequent MACE. 

Prospective real-world evaluation survey to 

compare AI-Risk guided management vs. 
st a nda rd c a re 

To evaluate the impac t of AI -Risk Classification on current clinical man-
agement (standard care), a prospective, real-world evaluation survey was

https://academic.oup.com/ehjqcco/article-lookup/doi/10.1093/ehjqcco/qcad085#supplementary-data
https://academic.oup.com/ehjqcco/article-lookup/doi/10.1093/ehjqcco/qcad085#supplementary-data
https://academic.oup.com/ehjqcco/article-lookup/doi/10.1093/ehjqcco/qcad085#supplementary-data
https://academic.oup.com/ehjqcco/article-lookup/doi/10.1093/ehjqcco/qcad085#supplementary-data
https://academic.oup.com/ehjqcco/article-lookup/doi/10.1093/ehjqcco/qcad085#supplementary-data
https://academic.oup.com/ehjqcco/article-lookup/doi/10.1093/ehjqcco/qcad085#supplementary-data
https://academic.oup.com/ehjqcco/article-lookup/doi/10.1093/ehjqcco/qcad085#supplementary-data
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Figure 1 Decision tree for patient undergoing coronary computed tomography angiogram for suspected coronary artery disease. (A) Proposed 
clinical pathway of additional AI-Risk Classification to standard care. (B) Decision tree for standard care with CCTA assessment of presence/absence 
of obstructive CAD and clinical risk factor stratification. (C) Decision tree after addition of AI-Risk assessment. CAD, coronary artery disease; CABG, 
coronary artery bypass grafting; CCTA, coronary computed tomography angiogram; and PCI, percutaneous coronary intervention. 

D
ow

nloaded from
 https://academ

ic.oup.com
/ehjqcco/advance-article/doi/10.1093/ehjqcco/qcae085/7789847 by guest on 10 D

ecem
ber 2024



Quantifying coronary inflammation and cardiovascular risk 5

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

D
ow

nloaded from
 https://academ

ic.oup.com
/ehjqcco/advance-article/doi/10.1093/ehjqcco/qcae085/7789847 by guest on 10 D

ecem
ber 2024
performed in four NHS Hospitals that were considered representative of
the UK population, as described in the Supplementary material online,
Figure S1 and Table S2. After clinical management was decided and
recorded by the local clinical care teams (following standard CCTA in-
terpretation for the presence of obstructive CAD, visual assessment of
plaque burden, and risk profiling with QRISK3), the AI-Risk Classification
results were provided to the same clinicians who were then asked to
complete a survey recording its impact on the patient management plan.
Data on statin dose was also collected and the mean dose of those who
initiated or intensified statin treatment due to the AI-Risk Classification
system was recorded. This was performed for each of the six individual
risk levels [i.e. three AI-Risk levels (mid/low, high, and very high) and the
presence or absence of obstructive CAD]. 

Prospective c linic a l study to compa re 

AI-Risk guided management vs. full 
complia nce wit h NICE guida nce 

The full details of the study design are presented in the
Supplementary material online, Table S2 and Figure S1. This is a prospective
evaluation of the AI-Risk Classification against a theoretical full compliance
with the NICE guidelines for CVD prevention,4 that included QRISK3
and extensive risk factor profiling in 1214 consecutive patients recruited
in four NHS hospit als . The conventional risk classification was defined
using medical management that fully adopts the current NICE guidelines
and the results of the CCTA interpreted by the referring clinicians for the
presence of obstructive CAD.2 

Met a-a na lysis on the effect size of statin 

t reat ment on c a rdiovascula r event rates 
The treatment effect of statin therapy on MACE was informed by
the largest published meta-analysis addressing this question (data from
170 000 participants in 26 randomized trials, Cholesterol Treatment Tri-
alists’ Collaboration).11 The low-density lipoprotein (LDL) cholesterol
(mmol/l) reduced by an average of 48% with 40 mg of Atorvastatin
and 53% with 80 mg Atorvastatin compared with placebo.13 Using a
3.7 mmol/L baseline LDL cholesterol,14 we calculated the relative risk of
having MACE when statin (Atorvastatin) was initiated (i.e. from 0 to 40 mg)
and intensified (i.e. from 40 to 80 mg) by CAD status and different baseline
risk level (i.e. < 5%, 5% to < 10%, ≥10%) ( Supplementary material online,
Tables S3 and S4). The summary of statin effect on outcomes by risk
groups and detailed calculations for the statin effects are presented in
Supplementary material online, Tables S4 a nd S5. 

CCTA image a na lysis a nd c a lculation of 
AI-Risk Classification 

CCTA images were analysed with CaRi-Heart® v2.5 (Caristo Diagnostics)
to generate metrics of coronary inflammation FAI-Score for each of the
epicardial coronary arteries (left anterior descending , L AD; left circumflex
artery, LCx; and right coronary artery, RC A). AI- Risk was then calculated
using CaRi-Heart® v2.5, by incorporating FAI score together with clinical
risk factors and extent of CAD into a prognostic model, to predict
absolute 8-year cardiac mortality risk. Based on the FAI-Score and AI-Risk
results, CaRi-Heart® classifies patients into three risk categories (AI-Risk
Classification)10 : 

Low/medium - risk category : AI-Risk < 5% and FAI-Score < 75th percentile
in the L AD/RC A and < 95th percentile in the LCx. 

High - risk category : AI-Risk 5% to < 10% and/or FAI-Score in the
L AD/RC A between 75th and 90th percentile and/or FAI score in the LCx
> 95th percentile. 

Very high - risk category : AI -Risk ≥10% and/or FAI -Score at LAD/RCA
> 90th percentile. 

Model type and structure 

A decision analytic model was developed to compare the two alternatives
(AI-Risk assessment in addition to standard care4 , 15 , 16 vs . st andard care
alone) in terms of costs and QALYs over a patients’ lifetime. The model
consisted of a decision tree followed by a population cohort Markov
Model. Details on healthcare cost and utility measures are presented in
the Supplement. The branches in the decision tree modelled separate
individuals with or without CAD at three risk categories defined by the
AI-Risk model device (low/medium, high, and very high risk category, as
described above). The subsequent nodes following the risk classification
corresponded to the management of patients with st atins . The treatment
effect of AI-Risk was modelled in the decision tree as the change in
management in statins compared to statin management following standard
care. As such, the last nodes of the AI-Risk model branch were either statin
initiation, increased statin dose, or standard care (i.e. statin management
did not change with the AI-Risk model). The proposed clinical pathway
and decision tree is illustrated in Figure 1 . 

Following the decision tree, individuals entered a Markov model health
state of no obstructive CAD, MI, ischaemic stroke, heart failure, ob-
structive CAD, cardiac death, or other death. The initial health state for
individuals without existing obstructive CAD was no obstructive CAD.
For individuals with existing obstructive CAD, the no obstructive CAD
health state was dropped from the Markov model and the initial health
state for these individuals was CAD. The Markov model had a cycle of 3
months (individuals could stay in the same health state or transit to other
health states once every 3 months) and a 30-year lifetime horizon. The
structure of the Markov model is illustrated in Figure 2 . The economic eval-
uation used an NHS and personal social services costing perspective, and a
discount rate of 3.5% was used for both costs and outcomes. The Health
Economics Analysis Plan is presented in the supplementary materials. 

Sensitivit y a na lyses 
Several sensitivity analyses were performed, and the parameters used
are presented in Supplementary material online, Table S3. The scenarios
were as follows. (1) Risk category reclassification data from full imple-
mentation of NICE guidelines (from the prospective clinical study) instead
of real-world evaluation (real world evaluation survey) were used. (2)
Treatment management that includes the addition of colchicine (or similar
agent/novel therapeutic) to the statin management of a patient at high
AI-Risk category with and without obstructive CAD was applied. These
data were derived from the prospective real-world evaluation, where
initiation of colchicine or other agents was decided by the clinical care
teams and recorded for the purpose of this evaluation. In this sensitivity
analysis, all patients at very high risk that had initiated or intensified
statin treatment due to AI-Risk Classification were assumed to receive
colchicine as well. The protective effect of colchicine in very-high risk
individuals was assumed to be 0.80, i.e. an additional 20% reduction on
the risk of MACE beyond statin treatment based on the recent clinical
trial (LoDoCo2)17 ( Supplementary material online, Table S3). (3) Patients
with existing obstructive CAD were excluded from the analysis to explore
the cost-effectiv eness of AI-Risk Classification if it were implemented to
individuals with no or non- obstructive C AD. (4) The statin effect on
MACE was assumed to be halved (50% lower). This might be the case
because of reduced clinical adherence and patient compliance to statin
therapy, and (5) risk reclassification due to the AI-Risk Classification was
reduced by 50% compared with the main analysis, reflecting the possibility
that the risk evidence would not necessarily be acted upon as often
as was found in our study. These last two scenarios modelled extreme
reductions in efficacy/reclassification that are unlikely to be realistic. They
were included to stress-test the cost-effectiveness results under highly
pessimistic assumptions. 

Finally, to express the uncertainty around the estimated incremental
cost-effectiv eness ratio (ICER; the ratio of incremental costs to incremen-
tal QALYs), a probabilistic sensitivity analysis was performed by sampling
1000 sets of input parameters from their pre-specified distributions,
resulting in 1000 pairs of estimated incremental costs and incremental
outcomes. These simulated ICERs were plotted on cost-effectiv eness
planes to display uncertainty in the estimated ICER. In addition, a
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Figure 2 Markov model illustrating transition of health state every 3 months cycle. 
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ost-effectiv eness acceptability curv e (CEAC) was dra wn to display the
robability of each intervention to be cost-effective at different thresholds
or approval. 
Cost-effectiveness analyses were conducted using the TreeAge Pro

019, R2 (TreeAge Software, Williamstown, MA, USA). Descriptive and
linical outcome data analyses were performed using STATA 18.0 (St at a-
orp LP, College Station, TX, USA). Reporting of the study followed the
onsolidated Health Economic Evaluation Reporting Standards (CHEERS)
tatement in the supplementary materials.18 

esults 

ase case analysis 
mplementing AI-Risk in routine clinical care (assuming full compliance)
educed the number of cardiovascular events when modelled over a
ifetime horizon, with 96 fewer MI ( −11%), 22 fewer strokes ( −4%),
8 fewer heart failure events ( −4%), and 129 fewer cardiac deaths
 −12%) per 5000 simulated patients undergoing CCTA compared
ith standard care ( Figure 3 ). These reductions in MACE led to an

ncrease in QALYs of 0.21 (14.09 vs. 13.88). At costs of £300, £500,
nd £700 per AI-Risk analysis, the incremental healthcare costs were
293, £493, and £693, respectively, resulting in respective ICERs (per
ALY) of £1371, £2307, and £3244 ( Table 1 ). When compared to the
ICE threshold for approval of technologies of £20 000–£30 000 per
ALY,19 these results demonstrate that use of the AI-Risk model is
ighly cost-effectiv e, representing value for money to the NHS. 
The uncertainty around the ICER at an AI-Risk model price of £700

s presented in the cost-effectiv eness plane ( Figure 4A ) as well as the
EAC ( Figure 4B ) where all 1000 simulated ICERs were well below the
ower NICE threshold of £20 000–£30 000/QALY.19 The probability
f the AI-Risk model of being cost-effectiv e was 1 at a threshold
alue close to £5000. The contribution of each model parameter to
he uncertainty in the cost-effectiveness results is presented in the
ornado plots ( Supplementary material online, Figures S3–S6). 
niva riate scena rio a na lyses 
he results from the univariate sensitivity analyses exploring various
cenarios are shown in Table 2 , for an AI-Risk model price of £700 per
nalysis. When full compliance to NICE guidelines was used as com-
arator, the ICER was £3103/QALY gained, which was slightly lower
han the ICER in the main analysis because of the more aggressive
anagement of patients in real world clinical practice compared to
he guideline-indicated management (e.g. in clinical practice patients
ith mild coronary atherosclerosis but no obstructive CAD often
eceive statin treatment while there is no such indication in the
ICE guidelines). If colchicine was provided to very high-risk patients
longside st atins , the estimated ICER of the AI-Risk analysis was
educed to £1837/QALY gained. Furthermore, the estimated ICER
ssuming implementation of the AI-Risk model only in those without
bstructive CAD was £2898/QALY. When assuming the statin effect
nd AI-Risk analysis reclassification to be halved relative to the main
nalysis, the estimated ICER/QALY were £6592 and £5522, respec-
ively. The results of all scenario analyses resulted in ICERs that were
ll notably lower than the traditional willingness to pay threshold of
20 000–£30 000.19 The budget impact analysis is presented in the
upplementary material online, Table S7 a nd Figure S7. 

iscussion 

mplementing AI-Risk Classification in clinical practice was modelled
o significantly reduce cardiovascular events (MI, cardiac death, heart
ailure, and stroke), over a lifetime horizon. The results of the health
conomic analyses suggest that implementing AI-Risk Classification
n addition to routine CCTA analysis for suspected CAD is cost-
effectiv e ev en when compared to f ull implementation of the NICE
uidelines for cardiovascular disease risk assessment and manage-
ent (NG238),4 with ICERs under £3500 per QALY for a wide
ange of prices. Importantly, AI-Risk assessment was relatively more
ost-effectiv e amongst patients without obstructive CAD on CCTA,

https://academic.oup.com/ehjqcco/article-lookup/doi/10.1093/ehjqcco/qcad085#supplementary-data
https://academic.oup.com/ehjqcco/article-lookup/doi/10.1093/ehjqcco/qcad085#supplementary-data
https://academic.oup.com/ehjqcco/article-lookup/doi/10.1093/ehjqcco/qcad085#supplementary-data
https://academic.oup.com/ehjqcco/article-lookup/doi/10.1093/ehjqcco/qcad085#supplementary-data
https://academic.oup.com/ehjqcco/article-lookup/doi/10.1093/ehjqcco/qcad085#supplementary-data
https://academic.oup.com/ehjqcco/article-lookup/doi/10.1093/ehjqcco/qcad085#supplementary-data
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Figure 3 Estimated major adverse cardiac events in a cohort of 5000 simulated patients over a lifetime horizon. Data points indicate the total 
number of events, and bars represent 95% confidence intervals. The differences between standard care and AI-Risk guided management are 
expressed in absolute reduction of events (% reduction). 
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demonstrating the value of AI-Risk to address the unmet need for
tailored preventative treatment to modify the predicted risk of car-
diovascular events in this patient group. Furthermore, the addition
of colchicine to optimal statin treatment in the very-high risk patient
group substantially improved the cost-effectiv eness of AI-Risk assess-
ment, thus facilitating the selection of patients that would benefit from
further anti-inflammatory therapy from emerging clinical trial evidence
such as COLCOT21 and LoDoCo2.17 

The socioeconomic impact of cardiovascular disease is well estab-
lished, with healthcare costs amounting to £7.4 billion per year and an
annual cost of £15.8 billion to the wider economy for the UK alone.22

Previous economic modelling of primary prevention demonstrated
that even a modest population-wide reduction in major cardiovascular
events would result in a substantial cost offset and long-term health
improvement (e.g. weight management programmes could yield an
ICER of £2897 per QALY).23 , 24 Compared to interventions such
as health promotion and pharmacotherapy, only a few studies have
evaluated the cost-effectiveness of screening and risk stratification in
primary prevention.25 In US-based studies, a strategy involving assess-
ment of residual inflammatory risk using plasma C-reactive protein
screening followed by t argeted st atin therapy, showed an ICER of
$40 100 per QALY for 58-year old men and $87 300 per QALY for
women,26 and statin treatment for individuals with coronar y arter y
calcium score > 0 an ICER of $18 000 per QALY in the USA.27 In
our cost-utility analysis, AI-Risk assessment showed a lifetime ICER of
£3244 per QALY compared to standard care In the UK, at an analysis
cost of £700. Overall, the probability of AI-Risk assessment being cost-
effective is close to 1 at a threshold value as low as £5000 per QALY,
well below the lower £20 000 per QALY threshold recommended by
NICE.19 

Contemporary risk calculators use clinical risk factors to deter-
mine an individual’s cardiovascular risk, and preventive measures are
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Table 1 Results of the main cost–utility analysis at different price levels of AI-Risk model 

AI-Risk a na lysis St a nda rd c a re Difference mean ICER point 
mean (95% CI) mean (95% CI) (95% CI) estimate (95% CI) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

AI-Risk model price: £300 

Costs £7563 (7029–7984) £7270 (6698–7865) £293 (281–304) £1371 
(1244–1569) QALYs 14.09 (13.17–14.92) 13.88 (12.99–14.83) 0.21 (0.18–0.24) 

AI-Risk model price: £500 

Costs £7762 (7271–8361) £7270 (6698–7865) £493 (481–504) £2307 
(2036–2596) QALYs 14.09 (13.04–14.83) 13.88 (12.99–14.83) 0.21 (0.19–0.24) 

AI-Risk model price: £700 

Costs £7962 (7380–8563) £7270 (6698–7865) £693 (680–705) £3244 
(2918–3627) QALYs 14.09 (13.19–16.06) 13.88 (12.99–14.83) 0.21 (0.19–0.24) 

CI, confidence interval; ICER, incremental cost-effectiv eness ratio; and QALY, quality-adjusted life year. 
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etermined on the basis of the calculated 10-year CVD risk.2 , 20 

owever, these risk scores were derived from the general population
nd do not take into account the information from imaging tests
uch as CCTA, so they would likely underestimate the risk in patients
ith chest pain undergoing CCTA. CCTA allows direct visualization
f atherosclerotic plaques, which carry the risk for acute rupture
eading to MI. Whilst CCTA is used to clarify the diagnosis of CAD in
hese patients with chest pain, only a minority (approximately 20%)
f those patients undergoing CCTA are found to have obstructive
AD.7 Inflammation is a key underlying pathological process that
rives atherogenesis and plaque rupture, and exert deleterious effect
n various types heart failure. Indeed, we have shown that quan-
ification of coronary inflammation on CCTA helps to stratify the
ubstantial adverse cardiac events that occur in a large number of
atients without obstructive CAD.7 AI-Risk Classification (calculated
sing information derived from CCTA, capturing inflammatory risk)
as demonstrated strong predictive value for (1) cardiac mortality, (2)
on-fatal MI, (3) future HF, and (4) ischaemic stroke in the ORFAN
tudy.7 Also, the risk for all these endpoints is significantly reduced
y statin treatment in the published clinical trials.11 , 14 Indeed in the
ubgroup analysis of CRISP-CT study, with high FAI who did not start
reatment with a statin after the test, had a HR for cardiac mortality
8.71, while patients with high FAI at baseline who started statin
reatment had an HR 2.97 for cardiac mortality during the 72 months
ollow up.6 Therefore, CCTA can help us to identify the patients
t risk for cardiac death, MI, HF, and stroke, and by treating these
ndividuals with statins we can potentially reduce the incidence of
hese events, as described in our simulation analyses. Current clinical
uidelines do not explicitly recommend initiation of statin treatment
n patients after CCTA if no obstructive CAD is documented and
here is no other clinical indication to do so (e.g. when QRISK3 ≥10%,
amilial hypercholesterolaemia, and diabetes).20 However, in practice
any clinicians do prescribe statin treatment when mild or moderate
therosclerotic disease is documented on CCTA, even when there is
o direct guideline-mandated indication. The higher statin usage seen
n the real-world evaluation survey could explain the slight differences
n ICERs between standard care compared with the scenario of full
ompliance with NICE guideline. In this study, treatment with statins
t baseline as well as initiation of statin treatment based on the NICE
uidelines after the conventional CCTA result, are factors taken into
ccount, and the implementation of AI-Risk assessment adds value
bove and beyond standard care (which includes patients already on
tatins or with an indication to start statin treatment anyway), and
emains a cost-effectiv e strategy. 
The strength of the AI-Risk assessment lies with its easy clinical
mplementation model (Software As A Service) in the standard clinical
ractice. The test is applicable to any routinely performed CCTA
ithout any additional scan acquisition, hence it can be implemented
ven retrospectively in previously acquired CCTA scans. In practice,
he CCTA digital imaging and communications in medicine file and
he patient risk factors are uploaded using a secure gateway, from
he picture archiving and communication system of any radiology
epartment to a cloud-based platform (CaRi-Heart® medical device,
hich is a regulatory cleared for clinical use in Europe and the UK).
ll the analyses are performed within this environment and are re-
iewed/edited and cleared by appropriately qualified personnel, under
he quality management system that regulates this device (EU Medical
evices Regulations-MDR) in that environment. A clinical report is
hen generated and returned back to the referring hospital/clinician
or interpret ation. Supplementary material online, Figure S8 illustrates
ow the AI-Risk assessment integrates into routine clinical care,
nd the changes it triggers in patient management are presented in
upplementary material online, Figure S2. 

imitations 
lthough all the scenarios consistently showed that AI-Risk as-
essment was a cost-effectiv e strategy, there are several important
ssumptions and limit ations . First, the current study used effect es-
imates from a prospective cohort in the ORFAN study rather than
 randomized controlled trial. However, as an offset to any disad-
antages from absence of randomization, the cohort study captures
onsecutive patients undergoing clinically indicated CCTA, who are
ore representative of a real-world clinical population. Linkage of
utcomes data with national registries also allowed minimal loss to
ollow-up, thus providing an accurate lifetime projection. Second, the
osts were evaluated using UK figures and practices. The AI-Risk
lgorithm was initially trained on a US patient cohort and validated
n a European population.10 It was further externally validated in a
arge cohort of the UK population.7 Given the comparable clinical
ndications for CCTA and uniformity in subsequent management
cross multiple international guidelines,3 , 20 , 28 we would expect cost-
effectiveness to be consistent in multiple jurisdictions. However,
urther studies might be warranted to evaluate the cost-effectiv eness
f AI-Risk assessment in different geographical areas. Third, the mod-
ls in this study assumed that AI-Risk assessment was performed in
ll CC TA s. AI- Risk assessment could be retrospectively applied to
C TA s that have already been performed in routine clinical practice

https://academic.oup.com/ehjqcco/article-lookup/doi/10.1093/ehjqcco/qcad085#supplementary-data
https://academic.oup.com/ehjqcco/article-lookup/doi/10.1093/ehjqcco/qcad085#supplementary-data
https://academic.oup.com/ehjqcco/article-lookup/doi/10.1093/ehjqcco/qcad085#supplementary-data
https://academic.oup.com/ehjqcco/article-lookup/doi/10.1093/ehjqcco/qcad085#supplementary-data
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Figure 4 (A) Cost-effectiveness plane demonstrating the uncertainty around the incremental cost of £693 and QALY of 0.21 over 1000 sets 
of probabilistic sensitivity analysis, and (B) cost-effectiveness acceptability curve of AI-Risk assessment in addition to standard care compared with 
standard care alone assuming AI-Risk model price of £700 intercepting at an ICER of £3244. ICER, incremental cost effectiveness ratio; QALY, 
quality adjusted life years. 
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without further image acquisition. It is therefore feasible to fully
implement the AI-Risk assessment in routine CCTA reporting to
provide risk stratification. Fourth, in the health economic analysis,
only changes in treatment with statin and colchicine were considered.
Moreover, prospective changes of medication over the lifetime of the
individuals have not been considered. Finally, the risk of subsequent
MACE was assumed to be the same as for the first event. In practice,
the occurrence of a MACE increases the risk of future events. As such,
the protective effects of improved management due to the AI-Risk
model are likely to be underestimated. 
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Table 2 Results of the sensitivity analyses 

AI-Risk a na lysis St a nda rd c a re Difference mean ICER point 
mean (95% CI) mean (95% CI) (95% CI) estimate (95% CI) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

AI-Risk model vs. standard care assuming full compliance with NICE guidelines 

Costs £7961 (7422–8582) £7270 (6698–7865) £691 (679–703) £3103 
(2832–3432) QALYs 14.10 (13.22–15.10) 13.88 (12.99–14.83) 0.22 (0.20–0.25) 

AI-Risk model vs. standard care assuming option for adding colchicine on top of satins 

Costs £7988 (7509–8615) £7270 (6698–7865) £718 (702–742) £1837 
(1662–2001) QALYs 14.27 (13.42–15.52) 13.88 (12.99–14.83) 0.39 (0.36–0.44) 

Model only for individuals without obstructive CAD 

Costs £7439 (7026–8027)) £6748 (6350–7391) £690 (675–702) £2898 
(2658–3254) QALYs 14.57 (13.60–15.35) 14.33 (13.37–15.10) 0.24 (0.21–0.26) 

Model assuming 50% statin effect 

Costs £7988 (7290–8674) £7270 (6698–7865) £718 (712–722) £6592 
(5951–7270) QALYs 13.99 (13.08–14.90) 13.88 (12.99–14.83) 0.11 (0.10–0.12) 

Model assuming 50% of AI-Risk model on risk classification 

Costs £7966 (7373–8643) £7270 (6698–7865) £696 (691–702) £6522 
(5888–7367) QALYs 13.99 (14.75) 13.88 (12.99–14.83) 0.11 (0.09–0.12) 

Analyses performed assuming £700 AI-model price. 
CI, confidence interval; ICER, incremental cost-effectiv eness ratio; and QALY, quality-adjusted life year. 
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onclusions 

n this study we have demonstrated the incremental health and cost
enefit of AI-Risk assessment, by modelling the observed clinical
utcomes over a lifetime horizon and therapeutic effect of changes in
edical therapy. AI-Risk assessment reclassifies patients and changes
anagement by improving the accuracy of CVD risk prediction. The
eployment of this image analysis method in clinical practice would
efine risk assessment, guiding additional preventive cardiovascular
reatments, while it is likely to be cost-effectiv e compared with stan-
ard care. 

upplement a ry materia l 
upplementary material is available at European Heart Journal—
ardiovascular Pharmacotherapy online. 
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Dat a ava ila bilit y 

Unit cost data used in this analysis are available in the article and online
supplementary material. 

References 
1. Luengo-Fernandez R, Walli-Attaei M, Gray A, Torbica A, Maggioni AP, Huculeci R et al.

Economic burden of cardiovascular diseases in the European Union: a population-
based cost study. Eur Heart J 2021, 144, 2014, 7, 276–284, 2003, 114, 485–494,
2007, 5, 5, 2023; 44 :4752–4767. https://doi.org/10.1093/eurheartj/ehad583

2. Hippisley-Cox J, Coupland C, Brindle P. Development and validation of QRISK3 risk
prediction algorithms to estimate future risk of cardiovascular disease: prospective
cohort study. BMJ 2017; 357 :j2099. https://doi.org/10.1136/bmj.j2099

3. Visseren FLJ, Mach F, Smulders YM, Carballo D, Koskinas KC, Back M et al. 2021
ESC guidelines on cardiovascular disease prevention in clinical practice. Eur Heart J
2021; 42 :3227–3337. https://doi.org/10.1093/eurheartj/ehab484

4. NICE. Cardiovascular Disease: Risk Assessment and Reduction, Including Lipid Modifica-
tion NICE Guideline [NG238] . Available from: https://www.nice.org.uk/guidance/ng238
(accessed 17 October 2024). 

5. Antonopoulos AS, Sanna F, Sabharwal N, Thomas S, Oikonomou EK, Herdman L
et al. Detecting human coronary inflammation by imaging perivascular fat. Sci Transl
Med 2017; 9 :398. https://doi.org/10.1126/scitranslmed.aal2658

6. 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 :929–939. https://doi.org/10.1016/
S0140-6736(18)31114-0

7. Chan K, Wahome E, Tsiachristas A, Antonopoulos AS, Patel P, Lyasheva M et al.
Inflammatory risk and cardiovascular events in patients without obstructive coro-
nary artery disease: the ORFAN multicentre, longitudinal cohort study. Lancet .
2024; 403 :2606–2618. https://doi.org/10.1016/S0140-6736(24)00596-8

8. Dai X, Yu L, Lu Z, Shen C, Tao X, Zhang J et al. Serial change of perivascular fat
attenuation index after statin treatment: insights from a coronary CT angiography
follow-up study. Int J Cardiol 2020; 319 :144–149. https://doi.org/10.1016/j.ijcard.2020.
06.008

9. Sagris M, Antonopoulos AS, Simantiris S, Oikonomou E, Siasos G, Tsioufis K et al.
Pericoronary fat attenuation index-a new imaging biomarker and its diagnostic and
prognostic utility: a systematic review and meta-analysis. Eur Heart J Cardiovasc Imaging
2022; 23 :e526–e536. https://doi.org/10.1093/ehjci/jeac174

10. 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 :2677–2690. https://doi.org/10.1093/cvr/cvab286

11. Baigent C, Keech A, Kearney PM, Blackwell L, Buck G, Pollicino C et al. Efficacy
and safety of cholesterol-lowering treatment: prospective meta-analysis of data from
90,056 participants in 14 randomised trials of statins. Lancet 2005; 366 :1267–1278.
https://doi.org/10.1016/S0140-6736(05)67394-1

12. Cury RC, Leipsic J, Abbara S, Achenbach S, Berman D, Bittencourt M et al. CAD-
RADS 2.0–2022 coronary ar tery disease-repor ting and Data system: an expert
consensus document of the Society of Cardiovascular Computed Tomography
(SCCT), the American College of Cardiology (ACC), the American College of Ra-
diology (ACR), and the North America Society of Cardiovascular Imaging (NASCI).
J Cardiovasc Comput Tomogr 2022; 16 :536–557. https://doi.org/10.1016/j.jcct.2022.07.
002

© The Author(s) 2024. Published by Oxford University Press on behalf of the European S
Commons Attribution License ( https://creativecommons.org/licenses/by/4.0/), which pe
work is properly cited. 
13. Ballantyne CM, Abate N, Yuan Z, King TR, Palmisano J. Dose-comparison study of
the combination of ezetimibe and simvastatin (Vytorin) versus atorvastatin in patients
with hypercholesterolemia: the Vytorin versus Atorvastatin (VYVA) study. Am Heart
J 2005; 149 :464–473. https://doi.org/10.1016/j.ahj.2004.11.023

14. Cholesterol Treatment Trialists. The effects of lowering LDL cholesterol with
statin therapy in people at low risk of vascular disease: meta-analysis of individual
data from 27 randomised trials. Lancet 2012; 380 :581–590. https://doi.org/10.1016/
S0140-6736(12)60367-5

15. NICE. Acute Coronary Syndromes NICE Guideline (NG185). In: National Institute for
Health and Care Excellence , 2020. Available from: https://www.nice.org.uk/guidance/
ng185 (accessed 17 October 2024). 

16. NICE. NICE Guidance for Stable Chest Pain Patients (CG95 & MTG32) to Appropriately
Diagnose Patients with Suspected Coronary Artery Disease . 2012. Available from: https:
//www.nice.org.uk/guidance/cg95 (accessed 17 October 2024). 

17. Nidorf SM, Fiolet ATL, Mosterd A, Eikelboom JW, Schut A, Opstal TSJ et al. Colchicine
in patients with chronic coronary disease. N Engl J Med 2020; 383 :1838–1847. https:
//doi.org/10.1056/NEJMoa2021372

18. Husereau D, Drummond M, Petrou S, Carswell C, Moher D, Greenberg D et al.
Consolidated health economic evaluation reporting standards (CHEERS) statement.
Int J Technol Assess Health Care 2013; 29 :117–122. 

19. NICE. NICE health technology evaluations: the manual. NICE process and meth-
ods [PMG36] .2022. Available from : https://www.nice.org.uk/process/pmg36/chapter/
introduction-to-health-technology-evaluation (accessed 17 October 2024). 

20. NICE. CVD risk assessment and management (CG181) . In: National Institute for Health
and Care Excellence. 2020. 

21. Tardif JC, Kouz S, Waters DD, Bertrand OF, Diaz R, Maggioni AP et al. Effi-
cacy and safety of low-dose colchicine after myocardial infarction. N Engl J Med
2019; 381 :2497–2505. https://doi.org/10.1056/NEJMoa1912388

22. Raleigh V, Jefferies D, Wellings D. Cardiovascular Disease in England . In: Fund TK, (ed);
2022. 

23. Barton P, Andronis L, Briggs A, McPherson K, Capewell, S. Effectiv eness and cost
effectiv eness of cardiovascular disease prevention in whole populations: modelling
study. BMJ 2011; 343 :d4044. https://doi.org/10.1136/bmj.d4044. 

24. Thomas C, Brennan A, Goka E, Squires HY, Brenner G, Bagguley D et al. What are
the cost-savings and health benefits of improving detection and management for six
high cardiovascular risk conditions in England? An economic evaluation. BMJ Open
2020; 10 :e037486. https://doi.org/10.1136/bmjopen-2020-037486

25. Schwappach DL, Boluarte TA, Suhrcke M. The economics of primary prevention of
cardiovascular disease—a systematic review of economic evaluations. Cost Eff Resour
Alloc 2007; 5 :5. https://doi.org/10.1186/1478-7547-5-5

26. Blake GJ, Ridker PM, Kuntz KM. Potential cost-effectiveness of C-reactive pro-
tein screening followed by targeted statin therapy for the primary prevention of
cardiovascular disease among patients without overt hyperlipidemia. Am J Med
2003; 114 :485–494. https://doi.org/10.1016/s0002-9343(03)00074-3

27. Pletcher MJ, Pignone M, Earnshaw S, McDade C, Phillips KA, Auer R et al. Us-
ing the coronary artery calcium score to guide statin therapy: a cost-effectiveness
analysis. Circ Cardiovasc Qual Outcomes 2014; 7 :276–284. https://doi.org/10.1161/
CIRCOUTCOMES.113.000799

28. Gulati M, Levy PD, Mukherjee D, Amsterdam E, Bhatt DL, Birtcher KK et al.
2021 AHA/ACC/ASE/CHEST/SAEM/SCCT/SCMR Guideline for the evaluation and
diagnosis of chest pain: a report of the American College of Cardiology/American
Heart Association Joint Committee on Clinical Practice Guidelines. Circulation
2021; 144 :e368–e454. https://doi.org/10.1161/CIR.0000000000001029

 of Cardiology. This is an Open Access article distributed under the terms of the Creative
nrestricted reuse, distribution, and reproduction in any medium, provided the original

https://doi.org/10.1093/eurheartj/ehad583
https://doi.org/10.1136/bmj.j2099
https://doi.org/10.1093/eurheartj/ehab484
https://www.nice.org.uk/guidance/ng238
https://doi.org/10.1126/scitranslmed.aal2658
https://doi.org/10.1016/S0140-6736(18)31114-0
https://doi.org/10.1016/S0140-6736(24)00596-8
https://doi.org/10.1016/j.ijcard.2020.06.008
https://doi.org/10.1093/ehjci/jeac174
https://doi.org/10.1093/cvr/cvab286
https://doi.org/10.1016/S0140-6736(05)67394-1
https://doi.org/10.1016/j.jcct.2022.07.002
https://doi.org/10.1016/j.ahj.2004.11.023
https://doi.org/10.1016/S0140-6736(12)60367-5
https://www.nice.org.uk/guidance/ng185
https://www.nice.org.uk/guidance/cg95
https://doi.org/10.1056/NEJMoa2021372
https://www.nice.org.uk/process/pmg36/chapter/introduction-to-health-technology-evaluation
https://doi.org/10.1056/NEJMoa1912388
https://doi.org/10.1136/bmj.d4044
https://doi.org/10.1136/bmjopen-2020-037486
https://doi.org/10.1186/1478-7547-5-5
https://doi.org/10.1016/s0002-9343(03)00074-3
https://doi.org/10.1161/CIRCOUTCOMES.113.000799
https://doi.org/10.1161/CIR.0000000000001029
https://creativecommons.org/licenses/by/4.0/

	Key learning points
	Introduction
	Methods
	Study design and clinical cohorts
	Long-term outcomes cohort study
	Prospective real-world evaluation survey to compare AI-Risk guided management vs. standard care
	Prospective clinical study to compare AI-Risk guided management vs. full compliance with NICE guidance
	Meta-analysis on the effect size of statin treatment on cardiovascular event rates
	CCTA image analysis and calculation of AI-Risk Classification
	Model type and structure
	Sensitivity analyses
	Results
	Base case analysis
	Univariate scenario analyses
	Discussion
	Limitations
	Conclusions
	Supplementary material
	Funding
	Data availability
	References

