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Key Messages
•	 Computed tomography-derived fractional flow reserve (CT-FFR) may predict coronary 

artery disease or flow-limiting stenosis in adult patients with stable chest pain better than 
coronary CT angiography alone, based on the relevant studies in 2 systematic reviews.

•	 CT-FFR is associated with a decreased need for invasive coronary angiography and 
revascularization in adult patients with stable chest pain, based on findings from 1 
systematic review.

•	 In the US settings, CT-FFR was dominant (i.e., less costly and more effective) compared 
to stress testing for the evaluation of low-risk stable chest pain, based on findings from 1 
cost-effectiveness study.

Context and Policy Issues
Chest pain is a symptom that is frequently reported by patients and may originate from 
several organs, including the heart, lungs, and esophagus.1 Chest pain can relate to conditions 
of different severity, some of which can be life-threatening.1 One of the potentially life-
threatening conditions that can cause chest pain is heart disease.2 Heart disease, including 
ischemic heart disease and angina, was the second-leading cause of death in 2012 in Canada 
and was the leading cause of hospitalization in 2013 and 2014.2

The typical chest pain associated with coronary artery disease (CAD) can feel like pressure 
or squeezing in the chest that might radiate into the arm or neck and is triggered by physical 
or emotional stress.3 This acute chest pain can be diagnosed using criteria in various tests, 
such as electrocardiography, and the pain can be alleviated using nitroglycerin.4 In contrast to 
typical chest pain, stable chest pain does not change in severity or frequency and it does not 
present with the signs of typical chest pain used in electrocardiography to form a diagnosis.4 
Patients with stable chest pain are usually assessed noninvasively, such as through exercise 
electrocardiography, nuclear imaging, or pharmacological electrocardiography.5 More recently, 
there are several emerging technologies to help classify patients with chest pain based 
on their risks of CAD. Coronary CT angiography (CCTA), an imaging technique to assess 
coronary arteries, has been used to assess patients with an intermediate- to high-risk of CAD.5 
Fractional flow reserve (FFR) measures the ratio between maximal blood flow in a diseased 
artery and the normal maximal blood flow.5 FFR can be measured invasively through invasive 
coronary angiography (ICA) or noninvasively through 3-dimensional models derived from 
CCTA images of sufficient quality.5

Differential diagnosis of chest pain, an important feature of acute coronary syndrome, has 
been a focus for primary care and in various settings in Canada.4 Among 197 legal actions or 
hospital complaints featuring acute coronary syndrome analyzed by the Canadian Medical 
Protective Association (or CMPA) between 2014 and 2018 in Canada, 116 are related to 
diagnostic error, particularly during the assessment and testing phases while diagnosing.6 
There is a need for better strategies and tools for assessing a patient’s risk of CAD to improve 
health care quality.

With several options available to assess patients with chest pain, the use of invasive FFR has 
increased for more than 5-fold between 2010 and 2015 in Ontario, particularly in patients with 
stable CAD.7 It remains unclear whether FFR measured noninvasively using CCTA images 
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(CT-FFR) can be as accurate and effective as other options in Canada. This review aims to 
systematically search for the literature on the diagnostic accuracy, clinical utility, and cost-
effectiveness of CT-FFR for the diagnosis of CAD in patients with stable chest pain compared 
with other diagnostic tests.

Research Questions
1.	What is the diagnostic accuracy of computed tomography-derived fractional flow 

reserve (CT-FFR) analysis for the diagnosis of coronary artery disease in patients with 
stable chest pain?

2.	What is the clinical utility of CT-FFR analysis for the diagnosis of coronary artery disease 
in patients with stable chest pain?

3.	What is the cost-effectiveness of CT-FFR analysis for the diagnosis of coronary artery 
disease in patients with stable chest pain?

Methods

Literature Search Methods
A limited literature search was conducted by an information specialist on key resources 
including MEDLINE, the Cochrane Database of Systematic Reviews, the international HTA 
database, the websites of Canadian and major international health technology agencies, 
as well as a focused internet search. The search strategy comprised both controlled 
vocabulary, such as the National Library of Medicine’s MeSH (Medical Subject Headings), 
and keywords. The main search concepts were stable chest pain, CT scans, and fractional 
flow reserve. CADTH-developed search filters were applied to limit retrieval to health 
technology assessments, systematic reviews, meta-analyses, or network meta-analyses; 
randomized controlled trials, controlled clinical trials, or any other type of clinical trial; and 
economic studies. Where possible, retrieval was limited to the human population. The search 
was also limited to English-language documents published between January 1, 2016 and 
September 27, 2021.

Selection Criteria and Methods
One reviewer screened citations and selected studies. In the first level of screening, titles and 
abstracts were reviewed and potentially relevant articles were retrieved and assessed for 
inclusion. The final selection of full-text articles was based on the inclusion criteria presented 
in Table 1.

Exclusion Criteria
Articles were excluded if they did not meet the selection criteria outlined in Table 1, they were 
duplicate publications, or they were published before 2016. Systematic reviews in which 
all relevant studies were captured in other more recent or more comprehensive systematic 
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reviews were excluded. Primary studies retrieved by the search were excluded if they were 
captured in 1 or more included systematic reviews.

Critical Appraisal of Individual Studies
The included publications were critically appraised by 1 reviewer using the following tools as 
a guide: A MeaSurement Tool to Assess systematic Reviews 2 (AMSTAR 2)8 for systematic 
reviews and the Drummond checklist9 for economic evaluations. Summary scores were not 
calculated for the included studies; rather, the strengths and limitations of each included 
publication were described narratively.

Summary of Evidence

Quantity of Research Available
A total of 405 citations were identified in the literature search. Following screening of titles 
and abstracts, 367 citations were excluded and 38 potentially relevant reports from the 
electronic search were retrieved for full-text review. Two potentially relevant publications 
were retrieved from the grey literature search for full-text review. Of these potentially relevant 
articles, 37 publications were excluded for various reasons and 3 publications met the 
inclusion criteria and were included in this report. These comprised 2 systematic reviews and 
1 economic evaluation. Appendix 1 presents the PRISMA10 flow chart of the study selection.

Summary of Study Characteristics
Additional details regarding the characteristics of included publications are provided 
in Appendix 2.

Table 1: Selection Criteria

Criteria Description

Population Adult patients with stable chest pain

Intervention CT-FFR

Comparator Q1 to Q3: Layering of tests (treadmill, myocardial perfusion scanning, invasive coronary angiography, 
stress echo), coronary CT angiography without CT-FFR, diagnostic invasive catheter angiography, PET, 
or single-photon emission CT

Reference test Q1: Invasive fractional flow reserve

Q2 and Q3: Not applicable

Outcomes Q1: Diagnostic accuracy (e.g., sensitivity, specificity, positive predictive value, negative predictive value)

Q2: Clinical utility (e.g., time to treatment, mortality, incidence of myocardial infarction, quality of life)

Q3: Cost-effectiveness (e.g., cost per quality-adjusted life-years)

Study designs Health technology assessment, systematic reviews, non-randomized studies, randomized controlled 
trials, and economic evaluations

CT-FFR = computed tomography-derived fractional flow reserve.
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Study Design
Two included systematic reviews had broader inclusion criteria than the current review.11,12 
One systematic review was used for a medical technology guidance project by the National 
Institute for Health and Care Excellence (NICE) in the UK (the guidance11 and the systematic 
review13 published separately). This systematic review that NICE conducted was used to 
update a published guidance.11 The other systematic review by Hamon et al. searched for 
publications on the diagnostic accuracy of CT diagnostic techniques published in July 2018 or 
earlier.12 The NICE review searched for primary studies published between 2016 and 2021.13 
Among the 23 studies included by NICE, 3 trials were relevant to this review.11 Hamon et al. 
identified 50 publications, 26 of which were relevant to this review, of which 8 publications 
examined CT-FFR for diagnostic accuracy at a per-patient level and 18 publications examined 
diagnostic accuracy at the per-vessel level.12

Karady et al. conducted an individual-based Markov microsimulation model funded by a 
manufacturer of CT-FFR, HeartFlow, using several sources of cost and utility data, mainly 
from the Prospective Multicenter Imaging Study for Evaluation of Chest Pain (PROMISE) 
trial.14 Karady et al. used a societal perspective to assess the cost-effectiveness in a lifetime.14 
The cost data were from the PROMISE trial, the US Centers for Medicare & Medicaid Services 
website, and the Red Book.14 The effectiveness measures of anatomic approaches included 
ICA and revascularization, as well as major adverse cardiovascular events (MACEs) that 
included death and non-fatal myocardial infarction.14 The utility was measured with quality-
adjusted life-years (QALYs).14

Country of Origin
The systematic reviews conducted by NICE and Hamon et al. were by authors from the UK 
and France, respectively.11,12

The first author of the cost-effectiveness analysis was based in the US.14

Patient Population
The NICE systematic review included patients with stable chest pain and other heart 
conditions; the 3 trials relevant to this report included patients with stable chest pain.11,13 
Hamon et al. included studies enrolling patients with stable chest pain.12

Karady et al. used patient data from the PROMISE trial, which enrolled 10,003 patients with 
stable chest pain and 30% to 69% with stenosis.14 The median age was 60 years and 52.7% of 
them were female.14

Interventions and Comparators
CT-FFR was the intervention under investigation in the systematic reviews by the NICE11 and 
Hamon et al.12 The NICE systematic review specifically evaluated HeartFlow CT-FFR and 
compared it to several technologies.13 CT-FFR was compared to CCTA alone in the 3 relevant 
trials in the systematic review by NICE.11,13 In addition, 1 of the 3 trials also compared CT-FFR 
to CCTA with stress myocardial CT perfusion (CTP) and ICA with invasive FFR, and used 
invasive FFR as a reference standard.13 The relevant studies in Hamon et al. compared stress 
CTP, transluminal attenuation gradients, CT-FFR, and CCTA alone using invasive FFR as a 
reference standard.12

Karady et al. compared anatomic approaches and functional testing for low-risk chest pain in 
the cost-effectiveness analysis.14 The anatomic approaches included CCTA alone and CT-FFR, 
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and the functional testing was stress testing including stress single-photon emission CT 
(SPECT), stress echocardiography, and exercise treadmill testing in this study.14 The PROMISE 
trial used invasive FFR as a reference standard.15

Outcomes
The 3 relevant trials in the systematic review by NICE evaluated several outcomes, including 
all-cause-death, any revascularization, diagnostic accuracy of vessel stenosis, and major 
adverse cardiac events.13 The lengths of follow-up were 4.7 years in 1 included trial and 
not described in the other trials.13 In the systematic review by Hamon et al., the outcomes 
extracted were diagnostic accuracy for the diagnosis of hemodynamic significant CAD and 
the length of follow-up was not described.12

Karady et al. assessed the costs, effectiveness, and utility of anatomical approaches to 
mainly derive incremental cost-effectiveness ratios (ICERs) of competing strategies.14 Other 
outcomes included cost and utility measured by QALYs (at 2 years, 5 years, and over a 
lifetime) and life-years gained over a lifetime.14

Summary of Critical Appraisal
Systematic Reviews
Both systematic reviews described population, intervention, comparator, and outcomes (or 
PICO) components and study design selection.11,12 However, neither reported that the review 
protocols had been published a priori12,13 and it was unclear whether there were any deviations 
to the review protocol.

Both conducted comprehensive literature searches and the study selection was done in 
duplicate12,13; thus, the chance of missing important studies might be small. However, the 
NICE systematic review did not explicitly report that data extraction was conducted in 
duplicate13 and it was unclear whether the accuracy of extracted data might be compromised.

Both systematic reviews described the included studies in detail and assessed the risks 
of bias in the included studies.12,13 Both described data synthesis.12,13 Hamon et al. meta-
analyzed the diagnostic accuracy from the primary studies.12 Heterogeneity between included 
studies was recognized by both systematic reviews.12,13 However, neither reported the sources 
of funding for the included studies,12,13 and whether the sources of funding might lead to 
biased results in the included primary studies was not clear.

Hamon et al. did not provide a list of excluded studies12 and it was difficult to check the 
accuracy of their study selection results.

NICE reported that there were no potential biases identified in the primary studies but did not 
assess publication bias among the included studies.13 The impact of publication bias was not 
assessed in the NICE systematic review.13 In contrast, Hamon et al. assessed publication bias 
and concluded the publication bias was small.12

The authors of both systematic reviews declared no conflicts of interest.12,13

Economic Evaluations
Karady et al. described the research question, its economic importance, the viewpoint of 
the analysis, the rationale for the choice of interventions and comparators, the form of 
economic evaluation, the reason to choose the economic evaluation, the sources of cost 
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and effectiveness estimates, the details of the effectiveness study (i.e., the PROMISE trial), 
the primary outcomes, the methods to value benefits, the characteristics of the patients, and 
the methods to estimate quantities and unit costs.14 The quantities of resource use were 
reported with unit cost.14 The currency and price data were reported.14 The details in currency 
adjustment for inflation and currency conversion were explained and justified.14 The discount 
rates were based on a published guideline.14 The simulation model was explained and the 
key parameters were justified.14 Multiple time horizons, up to a lifetime, were reported for 
the comparison of costs and effectiveness.14 The details in the sensitivity analysis, including 
the choice of variables and the ranges that the variables varied, were provided.14 Relevant 
comparators were compared in the study.14 The incremental analysis was reported.14 Major 
outcomes were listed by different time points and screening strategies.14 The answers to the 
research questions and the conclusions from the data were reported.14 The details in this 
cost-effectiveness analysis was well-described and the major parameters were justified.

Additional details regarding the strengths and limitations of included publications are 
provided in Appendix 3.

Summary of Findings
There was no overlap in the relevant studies in systematic reviews by NICE and Hamon 
et al.12,13 The 2 relevant trials in the systematic review by NICE were not included in the 
systematic reviews summarized by Hamon et al.12,13 There were primary studies reporting the 
clinical effectiveness and the diagnostic accuracy of CT-FFR in the systematic reviews.12,13 
The cost-effectiveness of CT-FFR was reported by Karady et al.14

Appendix 4 presents the main study findings and authors’ conclusions.

Diagnostic Accuracy of CT-FFR
CT-FFR Versus CCTA alone

Both systematic reviews reported on the diagnostic accuracy of CT-FFR. Hamon et al. 
meta-analyzed the findings from 8, and 18, studies on CT-FFR for diagnostic accuracy at a 
per-patient and per-vessel level, respectively.12

Hamon et al. reported the ranges of pooled sensitivities and specificities at per-patient 
and per-vessel levels in the meta-analyses, using invasive FFR as a reference standard 
for the detection of hemodynamic significant CAD.12 Hamon et al. concluded that CT-FFR 
had incremental value, compared with CCTA, based on the positive likelihood ratios and 
specificity.12

One trial from 2019 was summarized in the NICE systematic review, which reported the 
diagnostic accuracy using the area-under-the-curve.13 Three approaches were compared: 
CCTA, CT-FFR, and CCTA with CTP in per-vessel‒ or per-patient‒based models.13 CT-FFR 
was statistically significantly better than CCTA with CTP or CCTA alone for the detection of 
flow-limiting stenosis.13

Clinical Utility of CT-FFR
Two of the 3 relevant trials in the systematic review by NICE reported the clinical utility of 
CT-FFR.13 Based on 1 trial with a median follow-up of 4.7 years, positive CT-FFR results 
predicted the primary end point (a composite of death from any cause, non-fatal myocardial 
infarction, and any revascularization) and MACE that was statistically significantly better than 
CCTA in patients with stable chest pain.13 Based on the other trial whose length of follow-up 
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was not described by NICE, CT-FFR was significantly better in predicting revascularization or 
MACE than CCTA.13 When ICA was reserved for patients with CT-FFR of less than or equal 
to 0.8, there could be a 44% decrease in ICA among those with less than 50% stenosis and a 
24% increase in revascularization due to ICA.13

Cost-Effectiveness of CT-FFR
Based on the model using the PROMISE trial data and other data sources, Karady et al. 
compared the cost-effectiveness of anatomic approaches (CCTA alone and CT-FFR) 
with functional testing (stress testing, including stress SPECT, stress echocardiography, 
and exercise treadmill testing).14 Although CT-FFR was associated with higher ICA and 
revascularization at 60 days, 2 years, and 5 years, compared with functional testing, the cost 
of CT-FFR could be outweighed by less ICA and revascularization after 5 years compared to 
CCTA alone.14 CT-FFR was more effective in selecting patients for ICA and led to an additional 
6 months in perfect health in a lifetime compared with functional testing.14

By assessing the cost and effectiveness over a lifetime, CT-FFR was considered dominant 
(i.e., less costly and more effective) compared to functional testing.14 Based on the ICER, 
functional testing was dominated by CT-FFR.14 In subgroups, the ICER of CT-FFR was US$192 
per QALY, and CT-FFR dominated functional testing in females or those below or above 60 
years of age, compared to functional testing.14 In the quasi-probabilistic sensitivity analysis 
using the cost and QALY distributions derived from the data, the probability of CT-FFR being 
cost-effective was 65.4% compared to functional testing, assuming a willingness-to-pay 
threshold of US$100,000 per QALY.14

Limitations
There were relatively few studies that recruited patients with stable chest pain and tested CT-
FFR. For example, most of the primary studies included in the systematic reviews recruited 
patients with suspected CAD.13 The conditions that studies aimed to diagnose were not the 
same.12,13 The interpretation of patient characteristics also varied across publications. For 
example, all of the populations analyzed in a meta-analysis by Celeng et al.16 were considered 
patients with stable chest pain by the authors of another systematic review.5 However, 
Celeng et al. did not specify that the patients in the primary studies had stable chest pain.16 
In the systematic review by Hamon et al., the statistical significance for the comparison of 
diagnostic accuracy between CT-FFR and CCTA was not reported and it was unclear whether 
Hamon et al. made conclusions based on valid statistical inference.12 The conclusions in the 
systematic reviews were often made based on studies recruiting patients with stable chest 
pain and other heart conditions, except for the long-term follow-up of clinical effectiveness in 
a trial that only recruited patients with stable chest pain.12,13 Thus, the generalizability of the 
conclusions from these systematic reviews to patients with stable chest pain, particularly 
those without suspected CAD, requires further investigation. There are measures to ensure 
CCTA image quality and obtain precise measurements of FFR, such as using CT units of 64 
slices or more.11 However, the variations in imaging quality might be a concern, but this was 
not well-reported.13 The evidence on the long-term clinical effectiveness of CT-FFR might be 
limited.13 There was only 1 cost-effectiveness analysis to assess lifetime costs and benefits, 
based on 1 trial comparing CT-FFR and CCTA in the US.14 There were few primary studies 
that had trial sites in Canada13 and whether this might impact the generalizability of the 
conclusions of the CT-FFR studies to the Canadian clinical practice is unclear.
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Conclusions and Implications for Decision- or 
Policy-Making
Two systematic reviews reporting diagnostic accuracy or clinical utility were identified.12,13 
The NICE systematic review was produced as an evidence synthesis to guide health care 
practice.13 One cost-effectiveness analysis was identified.14

The diagnostic accuracy of CT-FFR was reported in 2 systematic reviews, compared with 
CCTA.12,13 NICE identified a trial that used area-under-the-curve to compare diagnostic 
accuracy and concluded that CT-FFR was significantly better than CCTA for flow-limiting 
stenosis.13 Hamon et al. meta-analyzed primary studies and concluded that CT-FFR had 
incremental value based on the positive likelihood ratios and specificity, compared with CCTA 
alone, for the detection of hemodynamic, significant CAD.12

In a trial with a median follow-up of 4.7 years for the evaluation of clinical utility, CT-FFR was a 
statistically significantly better predictor of a composite outcome of all-cause-death, non-fatal 
myocardial infarction, and any revascularization compared to CCTA alone.13 In the other trial, 
in which the length of follow-up was not specified by NICE, CT-FFR predicted revascularization 
or MACE better than CCTA.13

In the NICE guidance updated in 2021, it is recommended to include HeartFlow CT-FFR 
for patients with stable and recent onset chest pain when offered CCTA for chest pain 
assessment, as HeartFlow CT-FFR is associated with a decreased need for ICA and 
revascularization.13

The cost-effectiveness analysis by Karady et al. used clinical data from the PROMISE trial 
and compared CT-FFR and functional approaches (i.e., stress testing, including stress SPECT, 
stress echocardiography, and exercise treadmill testing).14 CT-FFR was more effective in 
selecting patients for ICA and lead to an additional 6 months in perfect health in a lifetime 
compared with functional testing.14 By assessing the cost and effectiveness over a lifetime, 
CT-FFR dominated functional testing, based on the ICER.14

The limitations to the literature was related to a limited number of studies explicitly 
focusing on patients with stable chest pain, differences in the interpretation of population 
characteristics, the lack of statistical significance reporting in some studies, unclear 
generalizability of the conclusions based on studies recruiting patients with stable chest pain 
and other heart conditions, and the need for more long-term follow-up of patients with stable 
chest pain diagnosed using different imaging approaches.12,13 There were few trials that had 
sites in Canada.12,13

Two systematic reviews provide some evidence that CT-FFR derived from CCTA images had 
incremental value for the diagnosis of CAD or stenosis compared with CCTA.12,13 CT-FFR 
was more likely to be cost-effective than stress testing in the US settings.14 However, there 
remains a need for the assessment of long-term consequences of CT-FFR use, specifically for 
the diagnosis of CAD in patients with stable chest pain in Canadian contexts.
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Appendix 1: Selection of Included Studies

Figure 1: Selection of Included Studies
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Appendix 2: Characteristics of Included Publications
Note that this appendix has not been copy-edited.

Table 2: Characteristics of Included Systematic Reviews

Study citation, 
country, funding 
source

Study designs and 
numbers of primary 

studies included
Population 

characteristics Intervention and comparator(s)
Clinical outcomes, 
length of follow-up

National Institute 
for Health and 
Clinical Excellence 
(2021),11,13 UK

Funded by the 
National Institute 
for Health and 
Clinical Excellence

Primary studies 
published between 
2016 and 2021

23 studies included, 
3 trials relevant to 
this report:

NXT (Curzen et al. 
2016), PROMISE 
(Lu et al. 2017), 
and PERFECTION 
(Pontone et al. 
2019)

Inclusion criteria:

Patients with stable 
chest pain, stable 
chest pain and 
without known 
CAD, suspected 
CAD, new onset 
chest pain, stable 
angina pectoris, or 
stable typical angina 
pectoris

Patients with stable 
chest pain: 200 in 
the NXT trial, 271 
in the PROMISE 
trial, and 147 in the 
PERFECTION trial

Inclusion criteria: HeartFlow 
CT-FFR compared with comparator 
technologies including PET, SPECT, 
and CCTA

NXT trial

CCTA alone vs. CT-FFR for clinical 
effectiveness

CT-FFR compared with TAG320 and 
CCTA for diagnostic accuracy

Reference standard: not reported

PROMISE trial

CT-FFR vs. CCTA

Reference standard: invasive FFR

PERFECTION trial “diagnostic 
accuracy of CCTA vs. CCTA+ 
CT-FFR vs. CCTA + Stress-CTP and 
ICA + invasive FFR as reference 
standard (p. 58)”13

Reference standard: ICA + invasive 
FFR

Outcomes:

NXT trial

Death from any cause, 
non-fatal myocardial 
infarction, and any 
revascularization

PROMISE trial

Diagnostic accuracy 
of revascularization or 
major adverse cardiac 
events

PERFECTION trial

Diagnostic accuracy 
of vessel stenosis by 
patients or per vessel

Follow-up:

A follow-up study 
of the NXT trial: 4.7 
years (median);

not described in the 
other studies

Hamon et al. 
(2019),12 France

No funding 
reported

Publications in 
English up to July 
2018

50 articles published 
between 2008 and 
2018 identified

Diagnostic 
accuracy of CT-FFR 
at per-patient 
level (8 relevant 
publications) 
and per-vessel 
levels (18 relevant 
publications)

Inclusion criteria: 
patients with stable 
chest pain

3,024 subjects

Mean ages 
summarized by 
primary studies

Other population 
characteristics not 
reported

Inclusion criteria: CCTA, stress CTP, 
CT-FFR, and TAG as CT diagnostic 
techniques

CT-FFR ≤ 0.80 as the threshold for 
hemodynamically significant CAD

Inclusion criteria: 
1) the detection of 
hemodynamically 
relevant CAD; 
2) numbers of 
true-positive, false-
positive, true-negative, 
and false-negative; 3) 
invasive FFR as the 
reference standard

Follow-up time not 
reported

CAD = coronary artery disease; CCTA = coronary computed tomography angiography; CT-FFR = computed tomography-derived fractional flow reserve; CTP = myocardial 
computed tomography perfusion; FFR = fractional flow reserve; ICA = invasive coronary angiography; NXT = Next Steps; PERFECTION = PERfusion versus Fractional flow 
rEserve measured by computed tomography angiography In the evaluation of suspected cOroNary artery disease; PROMISE = Prospective Multicenter Imaging Study for 
Evaluation of Chest Pain; SPECT = single-photon emission computed tomography; TAG = transluminal attenuation gradient; vs. = versus.
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Table 3: Characteristics of Included Economic Evaluation

Study citation 
country, funding 
source

Type of analysis, 
time horizon, 
perspective Population characteristics

Intervention and 
comparator(s) Approach

Source of clinical, 
cost, and utility data 

used in analysis Main assumptions

Karady et al. 
(2020),14 US

Funded by 
HeartFlow

Cost-effectiveness 
analysis

Time horizons:

60 days, 2 years, and 
5 years for health 
care utilization, 
lifetime for cost-
effectiveness 
analysis

Societal perspective

10,003 participants with 
stable chest pain and 30% 
to 69% of stenosis in the 
Prospective Multicenter 
Imaging Study for 
Evaluation of Chest Pain 
(PROMISE) trial

Median age = 60.0 years

Female = 5,270; 52.7%

White = 7,693; 77.4%

Anatomic approaches 
(CCTA, and CT-FFR) 
vs. functional 
testing (stress 
testing, including 
stress SPECT, stress 
echocardiography, 
and exercise treadmill 
testing) for the 
assessment of low-risk 
stable chest pain

Individual-based Markov 
microsimulation model

Sensitivity analyses:

(1) various adherence to 
medical therapy

(2) expanding the indication 
of CT-FFR to those with 
luminal narrowing greater 
than 70%

(3) do-nothing strategy

(4) quasi-probabilistic 
sensitivity analysis 
by calculating cost-
effectiveness acceptability 
curves for anatomic 
strategies compared with 
functional testing

Clinical and utility 
data from the 
PROMISE trial

Health status data 
from the CONFIRM 
registry

Cost data from 
the PROMISE trial 
and the US Centers 
for Medicare & 
Medicaid Services 
website; the 2017 
edition of the Red 
Book for medication 
costs

Assumptions 
in clinical care 
and patient 
characteristics across 
lifetime

Outcomes

“Downstream 
ICA and coronary 
revascularization, 
MACE (death, 
non-fatal myocardial 
infarction), cost, 
quality-adjusted 
life-years (QALYs), 
and incremental cost-
effectiveness ratio 
(ICER) of competing 
strategies (p. 1)”14

CONFIRM = COroNary CT Angiography Evaluation For Clinical Outcomes: An InteRnational Multicenter; CCTA = coronary computed tomography angiography; CT-FFR = computed tomography-derived fractional flow reserve; ICA 
= invasive coronary angiography; ICER = incremental cost-effectiveness ratio; MACE = major adverse cardiovascular event; PROMISE = Prospective Multicenter Imaging Study for Evaluation of Chest Pain; QALY = quality-adjusted 
life-year; SPECT = single-photon emission computed tomography; vs. = versus.
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Appendix 3: Critical Appraisal of Included Publications
Note that this appendix has not been copy-edited.

Table 4: Strengths and Limitations of Systematic Reviews Using AMSTAR 28

Strengths Limitations

National Institute for Health and Clinical Excellence (2021)11,13

•	PICO components described
•	Study design selection described
•	Comprehensive literature search conducted
•	Study selection in duplicate
•	A list of excluded studies provided
•	Included studies described in detail
•	Risk of bias in the included studies described
•	Data synthesis (no meta-analysis) described
•	No potential biases identified by review authors
•	Heterogeneity between studies identified
•	Review authors’ declared no conflict of interest

•	Review protocol not published a priori
•	Data extraction in duplicate not described for this update
•	Sources of funding for the included studies not provided
•	Publication bias not assessed

Hamon et al. (2019)12

•	PICO components described
•	Study design selection described
•	Comprehensive literature search conducted
•	Study selection in duplicate
•	Data extraction in duplicate described
•	Included studies described in detail
•	Risk of bias in the included studies assessed
•	Data synthesis (diagnostic accuracy) described
•	Small publication bias reported
•	Heterogeneity between studies identified
•	Review authors’ declared no conflict of interest

•	Review protocol not published a priori
•	Sources of funding for the included studies not provided
•	A list of excluded studies not provided

AMSTAR 2 = A MeaSurement Tool to Assess systematic Reviews 2; PICO = population, intervention, comparator, and outcomes.
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Table 5: Strengths and Limitations of Economic Evaluation Using the Drummond Checklist9

Strengths Limitations

Karady et al. (2020)14

•	Research questions stated
•	Economic importance of the questions described
•	The viewpoints of the analysis stated
•	The rationale for comparators justified and described
•	The form of economic evaluation stated and justified for the 

research questions
•	Effectiveness data from a published trial that was described in detail
•	Primary outcome measures described
•	Methods to value benefits described
•	Details of the trial population described
•	Resource use described
•	Methods to estimate quantities and unit costs described
•	Currency and price data described
•	Simulation model described
•	Key parameters in the model described
•	Time horizon stated
•	Recommended discount rate used
•	Sensitivity analysis described
•	Variables for sensitivity analysis described
•	Comparators described
•	Incremental analysis described
•	Answers to the study questions and conclusions reported
•	Study limitations provided
•	Major outcomes reported by different time points and screening 

strategies

•	Not available
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Appendix 4: Main Study Findings and Authors’ Conclusions
Note that this appendix has not been copy-edited.

Table 6: Summary of Findings by Outcomes — Diagnostic Accuracy

Study citation, study design, and patient model Study findings

HeartFlow CT-FFR vs. CCTA alone

AUC for flow-limiting stenoses

National Institute for Health and Clinical Excellence (2021); 
the guidance11 and the systematic review13 published 
separately

Systematic review of primary studies (randomized and 
non-randomized studies)

Patients with stable chest pain in 1 trial

PERFECTION trial:
•	AUCs of CCTA, CT-FFR, and CCTA + CTP: 0.89, 0.93, and 0.92 in a 

per-vessel‒based model
•	AUCs of CCTA, CT-FFR, and CCTA + CTP: 0.90, 0.94, and 0.93 in a 

per-patient based model
•	CT-FFR was significantly different from CCTA alone (p value not 

reported)

Unspecified CT-FFR vs. CCTA

Sensitivities and specificities for hemodynamic significant CAD

Hamon et al. (2019)12

Systematic review of publications

Patients with stable chest pain in 50 publications

Patient level, 8 and 15 studies for CT-FFR and CCTA, respectively
•	Sensitivity (95% CIs): 0.88 (0.84 to 0.91) vs. 0.91 (0.89 to 0.93)
•	Specificity (95% CIs): 0.72 (0.68 to 0.76) vs. 0.48 (0.44 to 0.51)
•	Positive likelihood ratio: 3.45 (2.38 to 5.00) vs. 1.78 (1.49–2.11)
•	Statistical significance in differences in diagnostic accuracy, that 

should be adjusted for multiple comparisons, not reported

Vessel level, 18 and 37 studies for CT-FFR and CCTA, respectively
•	Sensitivity (95% CIs): 0.85 (0.82 to 0.87) vs. 0.86 (0.85 to 0.88)
•	Specificity (95% CIs): 0.75 (0.73 to 0.78) vs. 0.64 (0.63 to 0.66)
•	Positive likelihood ratio: 3.50 (2.73 to 4.48) vs. 2.42 (1.93 to 3.02)
•	Statistical significance in differences in diagnostic accuracy, that 

should be adjusted for multiple comparisons, not reported

CAD = coronary artery disease; CCTA = coronary computed tomography angiography; CT-FFR = computed tomography-derived fractional flow reserve; CTP = myocardial 
computed tomography perfusion; PERFECTION = PERfusion versus Fractional flow rEserve measured by computed tomography angiography In the evaluation of suspected 
cOroNary artery disease; vs. = versus.
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Table 7: Summary of Findings by Outcomes — Clinical Utility

Study citation, study design, and patient model Study findings

CT-FFR vs. CCTA alone

Composite end point (composite of death from any cause, non-fatal myocardial infarction, and any revascularization)

National Institute for Health and Clinical Excellence 
(2021); the guidance11 and the systematic review13 
published separately

Systematic review of primary studies (randomized and 
non-randomized studies)

Patients with stable chest pain in 1 trial

NXT trial (Curzenet al. 2016, Ihdayhid et al. 2019a, and 2019b)
•	Median follow-up of 4.7 years
•	“No cardiac deaths or MI in participants with normal FFRCT 

[CT-FFR]” (p. 33)13

Composite end point
•	“more frequent in participants with positive FFRCT [CT-FFR] 

compared with clinically significant stenosis at CCTA (73.4% [80 of 
109] vs. 48.7% [91 of 187], respectively; P<.001)” (p. 33)13

Revascularization or major adverse cardiac events

National Institute for Health and Clinical Excellence 
(2021); the guidance11 and the systematic review13 
published separately

Systematic review of primary studies (randomized and 
non-randomized studies)

Patients with stable chest pain in 1 trial

PROMISE trial
•	CT-FFR ≤ 0.80 vs. severe CCTA stenosis: HR = 4.3 (95% CI = 2.4 to 

8.9) vs. 2.9 (95% CI = 1.8 to 5.1), P = 0.033
•	Applying ICA only for an FFR-CT [CT-FFR] of ≤ 0.80: a 44% decrease 

in ICA among those without ≥ 50% stenosis and a 24% increase in 
revascularization due to ICA

Frequency of MACE

National Institute for Health and Clinical Excellence 
(2021); the guidance11 and the systematic review13 
published separately

Systematic review of primary studies (randomized and 
non-randomized studies)

Patients with stable chest pain in 1 trial

NXT trial
•	“Higher in participants with positive FFRCT [CT-FFR] compared with 

CCTA (15.6% [17 of 109] vs 10.2% [19 of 187], respectively; P =.02), 
driven by unplanned revascularization” (p. 33)13

•	MACE HR: 5.5 (95% CI, 1.6, 19; P = 0.006) vs. 2.0 (95% CI, 0.3, 14; 
P = 0.46)

CCTA = coronary computed tomography angiography; CT-FFR = computed tomography-derived fractional flow reserve; FFR = fractional flow reserve; MACE = major adverse 
cardiovascular events; NXT = Next Steps; vs = versus.
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Table 8: Summary of Findings of Included Economic Evaluation

Main study findings Authors’ conclusion

Karady et al. (2020)14

Cost-effectiveness analysis, CT-FFR vs. functional testing

Cost (95% CI), US dollars
•	7,222 (7,192 to 7,252) vs. 7,989 (7,958 to 8,020)
•	8,147 vs. 8,652 in males
•	6,391 vs. 7,393 in females
•	7,395 vs. 8,427 below 60 years of age
•	7,048 vs. 7,549 above 60 years of age

QALY (95% CI)
•	25.14 (25.12 to 25.17) vs. 24.68 (24.66 to 24.70)
•	24.75 vs. 24.27 in males
•	25.49 vs. 25.05 in females
•	27.57 vs. 27.15 below 60 years of age
•	22.70 vs. 22.20 above 60 years of age

Discounted ICER (US dollars/QALY)
•	Functional testing dominated overall
•	$192/QALY in males
•	CT-FFR dominates functional testing in females
•	CT-FFR dominates functional testing below 60 years of age
•	CT-FFR dominates functional testing above 60 years of age

Life-years gained (95% CI) in years
•	27.01 (26.99 to 27.04) vs. 26.51 (26.48 to 26.53)
•	26.72 vs. 26.19 in males
•	27.27 vs. 26.79 in females
•	29.62 vs. 29.15 below 60 years of age
•	24.39 vs. 23.85 above 60 years of age

Sensitivity analyses, CT-FFR vs. functional testing

Adherence to Medical Therapy
•	US$2723/QALY, compared to functional testing

Expanding the Indication of CT-FFR to Patients With Greater Than 
70%Luminal Narrowing
•	Lower cost and higher QALYs

Do-Nothing Strategy
•	$36,968/QALY vs. $99,678/QALY

Quasi-probabilistic sensitivity analysis
•	Probability of CT-FFR being cost-effective, compared with 

functional testing: 65.4%, assuming the willingness to pay is 
$100 000/QALY

“anatomic strategies may present a more favorable initial 
diagnostic option in the evaluation of low-risk SCP compared 
with functional testing” (p. 2)14

CI = confidence interval; CT-FFR = CT-derived fractional flow reserve; ICER = incremental cost-effectiveness ratio; QALY = quality-adjusted life-year; SCP = stable chest pain; 
vs. = versus.
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