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Abstract

Aims The original FORECAST trial was designed to compare a strategy of computed tomography coronary angiography (CTCA) 
and selective FFRCT to standard care in patients attending Rapid Access Chest Pain clinics in UK centres. This is a prespecified 
analysis of the FORECAST trial to compare outcomes between the patients in the experimental arm (CTCA + selective 
FFRCT) and patients in the reference arm who underwent CTCA alone as their initial test of choice.

Methods 
and results

The FORECAST trial recruited 1400 patients randomized between two strategies: (i) initial test of choice at the discretion of 
the healthcare provider (standard care arm) or (ii) CTCA ± FFRCT. Prior to randomization, clinicians stated their preference 
for choice of the first test if the patient were to be randomized to standard care. A total of 459 patients (66%) in the standard 
care pathway were selected for CTCA as the first test of choice. Similarly, 453 (65%) of the patients who were subsequently 
randomized into the experimental arm were selected for CTCA as initial test prior to that randomization. This comparison 
is an intention-to-test (ITT) analysis comparing the post-randomization outcomes of the population of patients who were 
selected for CTCA as the test of first choice prior to randomization (labelled as the CTCA stratum). The following com
parisons were made: (i) primary trial outcomes at 9 months including (a) total cardiac costs, (b) use of other tests, (c) clinical 
events, and (d) time to final management plan; (ii) a comparison between the CTCA stratum groups and the remainder of 
the standard care arm (i.e. patients randomized to standard care who were selected for an initial test other than CTCA). Of 
the CTCA stratum patients, there was no significant difference between randomized groups in the median total cardiac 
costs at 9 months [£594 (IQR 570–1127) in the experimental arm vs. £594 (574–966) in the usual care arm  

* Corresponding author. E-mail: nick.curzen@uhs.nhs.uk
© The Author(s) 2025. Published by Oxford University Press on behalf of the European Society of Cardiology. 
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (https://creativecommons.org/licenses/by-nc/4.0/), which permits 
non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited. For commercial re-use, please contact reprints@oup.com for reprints and 
translation rights for reprints. All other permissions can be obtained through our RightsLink service via the Permissions link on the article page on our site—for further information please contact 
journals.permissions@oup.com.

D
ow

nloaded from
 https://academ

ic.oup.com
/ehjim

p/article/3/4/qyaf113/8246124 by U
niversity of Southam

pton user on 10 O
ctober 2025

https://orcid.org/0009-0007-1299-1488
https://orcid.org/0000-0003-1729-3391
https://orcid.org/0000-0001-8256-5168
https://orcid.org/0000-0002-8274-8981
https://orcid.org/0000-0003-4674-3259
https://orcid.org/0000-0003-3955-7650
https://orcid.org/0000-0003-4184-2821
https://orcid.org/0000-0003-4686-9441
https://orcid.org/0000-0001-9651-7829
mailto:nick.curzen@uhs.nhs.uk
https://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1093/ehjimp/qyaf113


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

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

(P = 0.325)]. The number of additional non-invasive tests was significantly lower in the experimental group than in the stand
ard care CTCA patients [43 patients (8.9%) vs. 72 (16%), P = 0.005]. Time to final management plan was also significantly 
lower in the experimental arm [median 64 days (IQR 48–110) vs. 75 days (55–126), P < 0.001]. There was no significant 
difference in the rate of adverse cardiac events. Patients randomized to standard care who were not in the CTCA stratum 
had significantly higher median total cardiac costs when compared with either of the CTCA stratum groups, with median 
total cardiac costs of £908 (IQR 592–1161) vs. £594 (570–1123) vs. £594 (570–966), respectively (P < 0.001).

Conclusion In this prespecified FORECAST substudy of patients whose clinicians preferred CTCA as the first test prior to randomiza
tion, the CTCA ± FFRCT strategy, when compared with CTCA alone, was cost-neutral in the UK and associated with sig
nificantly fewer additional non-invasive tests. Time to final management plan was also significantly lower in the experimental 
arm [median 64 days (IQR 48–110) vs. 75 days (55–126) in the standard care CTCA arm (P < 0.001)].
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Graphical Abstract

Keywords coronary artery disease • coronary computed tomography angiography • fractional flow reserve derived from computed 
tomography • major adverse cardiac events • healthcare cost
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Introduction
The investigation of patients presenting with stable chest pain sus
pected to represent angina includes a menu of tests that assess coron
ary anatomy or physiology or both. The optimal approach remains 
contentious.1 In the UK, the NICE ‘CG95’ guidelines2 recommend 
computed tomography coronary angiography (CTCA) as the initial 
test in over 90% of such patients and thereby minimizes the early use 
of functional tests for myocardial ischaemia. Whilst PROMISE3 sug
gested some advantage for CTCA over functional testing, 
CEMARC24 reported clinical equivalence between stress cardiovascu
lar magnetic resonance vs. the NICE-recommended pathway. Both 
trials reported a lower rate of invasive coronary angiography (ICA) in 
the functional testing group.

The advent of FFRCT has offered a test that provides data regarding 
both coronary atheroma and flow limitation. The evidence derived 
from PLATFORM,5 ADVANCE,6 FORECAST,7 and PRECISE8 has con
sistently demonstrated that a strategy employing CTCA with FFRCT is 
associated with (i) a lower rate of ICA, (ii) lower proportion of ICA 
showing no significant coronary disease, (iii) no difference in clinical 
event rate, (iv) cost-saving or cost-neutralilty.

The FORECAST trial was designed to test a strategy of CTCA with 
selective FFRCT compared with standard care testing in patients attend
ing Rapid Access Chest Pain clinics in UK centres. There was no differ
ence in resource utilization or quality of life or in clinical events between 
the strategies, although there was a significantly lower rate of ICA in the 
selective FFRCT group. It is notable that CTCA was the investigation of 
choice in 65.5% in the standard care arm in FORECAST. This has led 
commentators to speculate as to the comparative performance of 
CTCA alone vs. CTCA with selective FFRCT in these patients. A rando
mized comparison of this sort does not exist. In order to address this 
question in a hypothesis-generating fashion, we included in the 
FORECAST protocol a requirement that the frontline test to which 
the patient would have been allocated in a standard care environment 
by the assessing physician, i.e. in the absence of the trial, was recorded 
just prior to randomization. This generated a stratum of patients in 
both trial arms in whom the pre-randomization allocation was CTCA 
(CTCA stratum). It is this stratum that we have used for comparison, 
as part of a prespecified substudy, in order to achieve a degree of match
ing between the groups. Our aim was to compare patients in this CTCA 
stratum randomized to standard care with those randomized to CTCA 
with selective FFRCT for the following parameters: (i) primary compari
son at 9 months including (a) total cardiac costs, (b) use of other tests, 
(c) clinical events, and (d) time to final management plan; (ii) a compari
son between the two CTCA stratum groups and the remainder of the 
standard care arm (i.e. patients randomized to standard care who were 
referred for an initial test other than CTCA).

Methods
Population and comparison groups
This substudy was conducted on the FORECAST trial population (REC 
Reference 18/SC/0490, IRAS Project ID: 231037). The FORECAST trial 
(NCT03187639) has been described in detail previously.7,9 In brief, the trial 
prospectively enrolled 1400 patients with stable chest pain who were ran
domized into two groups: (a) standard care, in which case they were re
ferred for an initial test of choice [CTCA, ICA, stress electrocardiogram 
(ECG), stress magnetic resonance imaging (MRI), stress echo, nuclear per
fusion scan] according to clinician discretion and local and/or national guide
lines or (b) the experimental arm, consisting of CTCA followed by selective 
FFRCT for those patients with at least one lesion of ≥40% in any coronary 
artery of a size suitable for revascularization.

The patients included in this substudy, which was prespecified in the trial 
statistical analysis plan, consist of those patients in whom CTCA was re
commended as their initial test of choice ‘prior to randomization’ into 

either the standard care or CTCA with selective FFRCT experimental 
arm. This represents a CTCA stratum of patients who then went on to 
be randomized to standard care or experimental arms of the trial, with 
these two groups from the CTCA stratum being the focus for the primary 
comparison of this study.

The secondary analysis in this paper compares the above-mentioned 
groups from the CTCA stratum with the remaining of the standard care 
arm (i.e. those not chosen for CTCA prior to randomization).

In this substudy, data are derived from the main trial baseline demograph
ics, initial tests, subsequent tests, time to final management plan, total car
diac costs at 9 months, and major adverse cardiovascular events (MACE) at 
9 months (defined as a composite of all-cause death, non-fatal myocardial 
infarction (MI), stroke, and cardiovascular hospitalization).

Statistical analysis
Statistical analysis was carried out using RStudio version 4.3.1, PBC (Boston, 
MA, USA). Continuous data are presented as mean (±standard deviation, 
SD) or median (+interquartile range, IQR), as appropriate, depending on 
data distribution. Categorical data are presented as frequency and percent
age. Characteristics were compared using the Student’s t-test or Wilcoxon 
rank sum test as appropriate for continuous variables and Pearson’s χ2 test 
or the Fisher’s exact test for discrete variables. A two-sided P-value of 0.05 
or less was considered to constitute statistical significance for all analyses.

Results
Between December 2017 and July 2019, 2494 patients with stable chest 
pain attending one of the 11 participating Rapid Access Chest Pain clinics 
were screened for study entry, from which 1400 patients were rando
mized to either the standard care or the experimental (CTCA ± FFRCT) 
arms of the trial (Figure 1A and B). In the experimental group, 674 (96%) 
patients underwent CTCA, of whom 254 (38%) had their scans referred 
for FFRCT analysis per protocol based upon the presence of at least one 
lesion of ≥40% in any epicardial coronary artery large enough to under
go stenting or bypass grafting. A total of 39 (15%) of these scans could 
not be analysed for FFRCT due to technical/quality issues.

In the primary analysis of this substudy, patients who had CTCA spe
cified as the test of first choice prior to randomization make up the 
CTCA stratum. This included 912 patients of the entire study popula
tion (65.5%) with 459 patients (65.5%) randomized to the standard 
care arm, and 453 patients (65%) to the experimental arm (CTCA ±  
FFRCT). Table 1 shows the demographics of patients in the CTCA stra
tum included in this study and indicates that the groups are well 
matched (see Supplementary data online, Appendix Table S1 shows 
demographics of CTCA stratum patients included here, vs. invasive 
stratum and non-CTCA non-invasive stratum).

241 (34%) patients in the standard care arm were referred to an ini
tial investigation other than CTCA following their assessment, of whom 
193 (80%) patients had an initial non-invasive stress test (stress ECG, 
stress echocardiography, nuclear perfusion scan or stress cardiac 
MRI) and 48 (20%) patients were referred directly for ICA). These pa
tients, along with the primary analysis patients comprised the popula
tion for the secondary analysis in this substudy.

Primary analysis: comparison in pre-randomization CTCA stratum 
population between standard care randomized arm and CTCA ±  
FFRCT randomized arm

Cardiac-related resource utilization
There was no significant difference in the median total cardiac costs be
tween the standard care or experimental groups of the CTCA stratum 
[£594 (IQR 570–996) vs. £594 (570–1127), P = 0.325] (Table 2), 
(Figure 2).

Comparison of CTCA alone vs. CTCA with selective FFRCT                                                                                                                                 3
D

ow
nloaded from

 https://academ
ic.oup.com

/ehjim
p/article/3/4/qyaf113/8246124 by U

niversity of Southam
pton user on 10 O

ctober 2025

http://academic.oup.com/ehjimp/article-lookup/doi/10.1093/ehjimp/qyaf113#supplementary-data


Further investigations
In the CTCA stratum, there was a significantly lower rate of further 
non-invasive tests in in the experimental randomized arm compared 
with the standard care randomized arm, with 43 patients (8.9%) in 
the experimental arm requiring further non-invasive investigations 

(stress echo, stress ECG, stress MRI, and nuclear perfusion scan ) vs. 
72 (15.7%) in the standard care arm (P = 0.005).

There was no difference in the rate of ICA between the groups 
(17% vs. 19%, P = 0.551). A breakdown of the comparative number 
of alternative tests is shown in Table 3.

A

B

Figure 1 (A) Diagram demonstrating first choice test for patients included in FORECAST trial which is allocated into either of invasive stratum, 
CTCA stratum, or non-invasive non-CTCA stratum (ICA, invasive coronary angiogram; CTCA, computed tomography coronary angiography). (B) 
Diagram representing the first initial test selection for the entire FORECAST population, randomized to either standard care arm or experimental 
arm (CTCA ± FFRCT).
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Time to final management plan
Time to a final management plan (i.e. time from initial assessment at the 
chest pain clinic to reaching a final management plan) was significantly 
lower in the experimental arm compared with the standard care group 
from the CTCA stratum [median of 64 days (IQR 48–110) vs. 75 days 
(55–126), P < 0.001] (Table 4).

Clinical events
There is no statistically significant difference between the two CTCA 
stratum groups in terms of MI, cerebrovascular accident (CVA), all- 
cause mortality and/or cardiac hospitalization (Table 5).

Secondary analysis: comparison between the two CTCA stratum 
groups and the standard care patients whose pre-randomization test 
choice was not CTCA.

First choice test
Out of the 193 patients of the standard arm whose initial test of choice 
was a non-invasive test other than CTCA (non-CTCA), 106 (55%) pa
tients were referred for stress echocardiogram, 73 (38%) stress ECG, 
13 (6.8%) nuclear perfusion scan, and 1 (0.5%) stress cardiac MRI. 
Altogether, 48 patients in this group were referred for ICA.

Cardiac-related resource utilization
The non-CTCA stratum subgroup of the standard care arm had signifi
cantly higher median total cardiac costs when compared with either of 
the CTCA stratum groups (i.e. the randomized experimental arm or 
the standard care arms), with median total cardiac costs of £908 
(IQR 592–1161) vs. £594 (570–1123) vs. £594 (570–966), respectively 
(P < 0.001) (Table 6), (Figure 3).

Clinical events
There was no statistically significant difference in the rate of major ad
verse cardiac outcomes between the three subgroups including MI, 
CVA, cardiac hospitalizations, and/ or cardiac death (Table 7).

Discussion
This prespecified substudy of the FORECAST trial was focused on the 
important group of patients who were chosen, prior to randomization, 
to undergo CTCA as the initial test to evaluate their chest pain. We 
were able to compare the outcomes within this stratum of patients ac
cording to their subsequent randomized allocation to have their CTCA 
followed either by standard care testing or by selective FFRCT. The main 
findings are as follows: (a) the CTCA + selective FFRCT strategy is cost- 
neutral compared with CTCA alone; (b) compared with CTCA alone, 
the rate of non-invasive testing was significantly lower in the CTCA +  
selective FFRCT group; and (c) the time to final management plan was 
significantly lower in the experimental arm than the CTCA group of 
the standard care arm. Finally, patients not allocated to CTCA as the 
test of first choice incurred significantly greater costs than those with 
CTCA as their first test.

The NICE ‘CG95’ guidelines recommend CTCA as the default first 
test in over 90% of patients presenting with stable new-onset chest 
pain. This theoretically largely eliminates the need for functional tests 
for ischaemia in such patients. Given the body of evidence that detect
ing coronary atheroma in this population is associated with prognostic 
benefit, probably via more optimal application of disease-modifying 
medical therapy, as seen in SCOT-HEART,10 the logic behind this 
recommendation is clear. Furthermore, trials such as COURAGE11

and ISCHEMIA12 have consistently indicated that, in stable patients 
with angina without significant left main disease, there is no additional 
prognostic benefit for revascularization over and above optimum med
ical therapy (OMT). However, in front line clinical practice, such consid
erations are not so clear-cut.

Firstly, it is often the case that we require a definitive diagnosis regard
ing the patient’s symptoms, and specifically whether they represent an
gina (i.e. myocardial ischaemia) or not. The presence of even significant 
coronary artery disease (CAD) in isolation does not correlate closely in 
many cases with whether the chest pain symptoms are due to 

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

Table 1 Demographics of patients in the CTCA 
stratum who were randomized to either 
experimental arm (CTCA ± FFRCT) or standard care

Standard care 
CTCA arm,  

N = 459

Experimental 
arm (CTCA ±  

FFRCT), N = 453

P-value

Age 58 (50–67)a 59 (51–67)a 0.542b

Gender 0.695c

Male 230 (50.1%) 221 (48.9%)

Female 229 (49.9%) 232 (51.1%)

Body mass index 28.6 (25.3–32.9)c 28.7 (25.3–33.6)c 0.695b

Ethnicity 0.119c

White 413 (90.0%) 400 (88.0%)

Asian or Asian 
British

26 (5.7%) 39 (8.6%)

Black of Black British 8 (1.7%) 8 (1.8%)

Chinese or other 9 (2.0%) 3 (0.7%)
Mixed 3 (0.7%) 1 (0.2%)

Prefer not to 

answer

0 (0.0%) 2 (0.4%)

Family history of CAD 281 (61.2%) 279 (61.6%) 0.150c

History of angina 157 (34.2%) 135 (29.8%) 0.154c

History of MI 0 (0.0%) 4 (0.9%) 0.060d

Diabetes mellitus 53 (11.5%) 60 (13.2%) 0.436c

Hypertension 149 (32.5%) 160 (35.3%) 0.362c

Hyperlipidaemia 120 (26.1%) 140 (30.9%) 0.111c

Renal impairment 7 (1.5%) 10 (2.2%) 0.474d

aMedian (IQR).
bWilcoxon rank sum test.
cPearson’s χ2 test.
dFisher’s exact test.

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

Table 2 Total costs in the CTCA stratum, 
comparing the randomized arms in pound sterling (£) 
presented as mean, SD, median, and IQR

Standard care 
CTCA arm,  

N = 459

Experimental arm (CTCA  
± FFRCT), N = 453

P-value

Mean 1272 1527 0.057a

SD 1777 2220
Median 594 594 0.325b

IQR 570–966 570–1127

aWelch two-sample t-test.
bWilcoxon rank sum test.
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myocardial ischaemia or not. Hence, a functional test may also be re
quired, even if the patient is committed to disease-modifying therapy. 
Secondly, in those patients whose symptoms do demand 

revascularization, the availability of data about flow limitation and down
stream myocardial ischaemia can play an important role in the targeting 
of appropriate vessels and lesions, especially for those patients commit
ted to percutaneous coronary intervention (PCI).13 Thirdly, an 

Figure 2 Total cardiac costs at 9 months in the CTCA stratum by randomization group represented as median (IQR). Distribution at 9-month costs 
in pound sterling (£) by randomized assignment. The top line of each box is the 75th percentile, the bottom line is the 25th percentile, and the line inside 
the box is the median (50th percentile).

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

Table 3 Further investigations required for the 
CTCA stratum by randomized group

Standard 
care CTCA 

arm, N = 459

Experimental 
arm (CTCA ±  

FFRCT), N = 453

P-value

Total number of 

patients who 

required additional 
non-invasive testing

72 (15.7%) 43 (8.9%) 0.005a

Stress echo 19 (4.1%) 9 (2.0%) 0.083b

Perfusion scan 19 (4.1%) 4 (0.9%) 0.002b

Stress MRI 11 (2.4%) 9 (2.0%) 0.826b

Stress ECG 28 (6.1%) 26 (5.3%) 0.818a

ICA 86 (18.7%) 78 (17.2%) 0.551a

The bold values represent statistically significant values (P ≤ 0.05).
aPearson’s χ2 test.
bFisher’s exact test.

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

Table 4 Time period required between 
randomization and reaching a final management plan 
in days represented as median (IQR) and mean (SD) in 
the CTCA stratum by randomized group

Standard care 
CTCA arm, 

N = 459

Experimental arm 
(CTCA ± FFRCT), 

N = 453

P-value

Median 75a 64a <0.001a

IQR 55–126 48–110
Mean 99b 88b 0.016b

SD 67 66

No management 
plan finalized

18 20

The bold values represent statistically significant values (P ≤ 0.05).
aWilcoxon rank sum test.
bTwo-sample t-test.
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assessment of the presence and extent of myocardial ischaemia is asso
ciated with better clinical outcome, although the relative predictive as
sociation of ischaemic burden compared with atheroma burden with 
adverse events is contentious.14,15 Finally, the correlation between ana
tomical lesion severity and flow limitation causing downstream ischae
mia is poor except in the case of very mild and very severe lesions. 
Given these factors, the availability of both atheroma extent and sever
ity and vessel-specific flow limitation, as offered by FFRCT, has several 
theoretical advantages.

Clinical studies, including PLATFORM,5 ADVANCE,6 FORECAST7

and PRECISE8 have consistently demonstrated that a selective FFRCT 

strategy has the following benefits: (a) reduced rate of ICA; (b) reduced 
rate of ICA yielding no stenosis of ≥50%; (c) no increase in clinical event 
rate, despite fewer ICA; (d) similar rate of revascularization; (e) cost- 
neutrality or saving. In the main FORECAST trial, the overall strategy 
of selective FFRCT in the study overall showed cost-neutrality and sig
nificantly fewer ICA.

In the current substudy, which was prespecified and included in the 
statistical analysis plan of FORECAST, we have performed a compari
son between patients who are matched by being in the pre- 
randomization stratum of allocation to CTCA alone and who then 
went on to be randomized to either the standard care arm or the 

experimental arm of CTCA and selective FFRCT. The need for this ana
lysis was further stimulated by the commentary in response to the main 
FORECAST results that questioned (i) whether the high proportion of 
patients in the usual care arm who had CTCA might have diluted any 
benefit of the CTCA ± FFRCT strategy in the test arm and (ii) whether 
FFRCT would have any additional advantage over CTCA alone in this 
population, given that there has never been a randomized comparison 
of this nature.

Our current findings suggest that there may indeed be some clin
ical advantage to the selective FFRCT strategy in terms of (i) re
duced non-invasive testing burden and (ii) reaching a final 
management plan faster, this being achieved in a cost-neutral man
ner. These benefits are seen without any difference in clinical 
events. These data indicate that there would be merit in a 
head-to-head randomized comparison of these two strategies. It is 
certainly likely that confirmation of these findings would yield a 
strategy considered preferable to patients given that it would offer 
fewer tests and a quicker final plan.

There are several important limitations to this study. Firstly, the 
groups are matched only according to their pre-randomization 
stratum. Discussion regarding techniques such as propensity match
ing were considered to be inappropriate in this population and un
necessary given trial design. As shown in Table 1, the groups are, in 
fact, well matched. Secondly, we cannot know why clinicians pre
ferred CTCA over other initial tests. Another potential consider
ation of the trial is that the costs in this study were based on 
UK National Health Service cost tariffs, and may not be generaliz
able to other countries with different cost structures in their health 
delivery systems, though the trial investigators have conducted a 
comparative analysis comparing costs in the FORECAST trial based 
on US healthcare cost weights with results showing that initial 
evaluation using CTCA ± FFRCT had similar US costs as standard 
care pathways.16 Thirdly, in the experimental group, 15% of pa
tients could not have the intended FFRCT analysis as a conse
quence of variety of technical issues relating to quality of the 
CTCA scan. This rate of failure has gradually declined in front 
line practice since this trial recruited in association with improve
ments in scanner quality as well as an awareness of the importance 
of acquisition standards including routine nitrates and attaining low
er target heart rates.

In conclusion, this prespecified substudy indicates that the strategy of 
CTCA with selective FFRCT is associated with the need for fewer non- 
invasive tests and a faster time to a final management plan than a strat
egy of CTCA alone, despite equivalent total cardiac costs and clinical 
outcomes. These findings indicate that a formal randomized compari
son between CTCA alone and selective FFRCT is now warranted in 
these patients.

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

Table 5 Incidence of adverse cardiac events in the 
CTCA stratum by randomized group

Standard 
care CTCA 
arm, N =  

459

Experimental 
arm (CTCA ±  

FFRCT), N = 453

P-valuea

Any cardiac eventb 44 (9.6%) 44 (9.7%) 0.948c

Any MI 1 (0.2%) 6 (1.3%) 0.068a

Death 0 (0.0%) 2 (0.4%) 0.246a

CVA 0 (0.0%) 0 (0%) N/A

Hospital admission  
for cardiac cause

44 (9.6%) 42 (9.3%) 0.871c

Any revascularization 56 (12.2%) 59 (13.0%) 0.708c

PCId 44 (9.3%) 43 (9.2%) 0.962c

CABGb 11 (2.6%) 15 (4.0%) 0.422c

aFisher’s exact test.
bMI, myocardial infarction; CVA, cerebrovascular accident; CABG, coronary artery 
bypass grafting.
cPearson’s χ2 test.
dPCI, percutaneous coronary intervention.

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

Table 6 Comparison in total cardiac costs between the two CTCA stratum groups and patients randomized to 
standard care, whose pre-randomization test of choice was not CTCA (non-invasive and ICA), in pound sterling (£) 
represented in mean (SD) and median (IQR)

ICA-first standard 
care, N = 48

Non-CTCA first non-invasive 
standard care, N = 193

Standard care CTCA 
arm, N = 459

Experimental arm (CTCA ±  
FFRCT), N = 453

P-value

Mean 3958 1392 1272 1527 <0.001a

SD 3313 1812 1777 2220
Median 1988 908 594 594 <0.001a

IQR 1697–4708 592–1161 570–966 570–1127

The bold values represent statistically significant values (P ≤ 0.05).
aKruskal–Wallis rank sum test.
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Supplementary data
Supplementary data are available at European Heart Journal - Imaging 
Methods and Practice online.
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Table 7 Incidence of adverse cardiac events between the two CTCA stratum groups and patients randomized to 
standard care, whose pre-randomization test of choice was not CTCA (non-invasive and ICA)

ICA-first 
standard care, 

N = 48

Non-CTCA first 
non-invasive standard 

care, N = 193

Standard care 
CTCA arm, 

N = 429

Experimental arm 
(CTCA ± FFRCT), 

N = 436

P-value

Any cardiac event (death, cardiac 

hospitalization, MI, or CVA)

15 (31%) 15 (7.8%) 44 (9.6%) 44 (9.7%) <0.001a

Any MI 1 (2.6%) 1 (0.5%) 1 (0.2%) 6 (0.7%) 0.2a

Death 0 (0%) 0 (0%) 0 (0%) 2 (0.2%) 0.4a

CVA 0 (0%) 1(0.5%) 0 (0%) 0 (0%) 0.2a

Hospital admission for cardiac cause 15 (31%) 15 (7.8%) 44 (9.6%) 42 (9.3%) <0.001a

Any revascularization 19 (40%) 22 (11%) 56 (12%) 59(13%) <0.001a

CABG 10 (21%) 6 (3.1%) 12 (2.6%) 16 (3.5%) <0.001a

Time to final management plan 49 (33–96) 40 (20–77) 75 (55–126) 64 (48–110) <0.001a

The bold values represent statistically significant values (P ≤ 0.05).
aKruskal–Wallis rank sum test.

Figure 3 Total cardiovascular costs at 9 months in the four-patient subgroups from left to right; CTCA stratum experimental arm (CTCA ± FFRCT); 
non-CTCA stratum standard care invasive subgroup; non-CTCA stratum standard care non-invasive subgroup, CTCA stratum standard care group. 
Represented as median (IQR). Distribution of 9-month costs in UK pounds by randomized assignment. The top line of each box is the 75th percentile, 
the bottom line is the 25th percentile, and the line inside the box is the median (50th percentile).
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