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Aims To assess the use of downstream coronary angiography (ICA) and short-term safety of frontline coronary CT angiography
(CTA) with selective CT-derived fractional flow reserve (FFRCT) testing in stable patients with typical angina pectoris.

...................................................................................................................................................................................................
Methods
and results

Between 1 January 2016 and 30 June 2016 all patients (N = 774) referred to non-emergent ICA or coronary CTA
at Aarhus University Hospital on a suspicion of CAD had frontline CTA performed. Downstream testing and treat-
ment within 3 months and adverse events >_90 days were registered. Patients were divided into two groups accord-
ing to the presence of typical angina pectoris, which according to local practice would have resulted in referral to
ICA, (low-intermediate-risk, n = 593 [76%]; high-risk, n = 181 [24%]) with mean pre-test probability of CAD of
31 ± 16% and 67 ± 16%, respectively. Coronary CTA was performed in 745 (96%) patients in whom FFRCT was
prescribed in 212 (28%) patients. In the high- vs. low-intermediate-risk group, ICA was cancelled in 75% vs. 91%.
Coronary revascularization was performed more frequently in high-risk than in low-intermediate-risk patients, 76%
vs. 52% (P = 0.03). Mean follow-up time was 157 ± 50 days. Serious clinical events occurred in four patients, but
not in any patients with cancelled ICA by coronary CTA with selective FFRCT testing.

...................................................................................................................................................................................................
Conclusion Frontline coronary CTA with selective FFRCT testing in stable patients with typical angina pectoris in real-world

practice is associated with a high rate of safe cancellation of planned ICAs.
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Introduction

In patients suspected of stable coronary artery disease (CAD) with
low-intermediate pre-test risk of significant coronary stenosis guide-
lines recommend non-invasive ischaemia testing as gatekeeper to

invasive coronary angiography (ICA), whereas patients with high pre-
test probability may be referred directly to ICA.1 Numerous studies
have shown that non-invasive ischaemia testing has a low accuracy in
identifying patients with obstructive CAD resulting in low diagnostic
yield of ICA.2–5
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Coronary computed tomography angiography (CTA) is accurate in

excluding CAD,6 and absence of CAD by coronary CTA is associated
with an excellent prognosis.7–9 Guidelines recommend coronary CTA
as an alternative to standard non-invasive ischaemia testing in symp-
tomatic stable patients with low-intermediate pre-test probability of
obstructive CAD.1 However, coronary CTA is of modest value in
quantifying stenosis severity, especially in the presence of coronary cal-
cification,10 and the correlation of stenosis to downstream ischaemia is
poor.11 Therefore, in symptomatic patients with suspected obstructive
CAD determined by coronary CTA, guidelines recommend additional
ischaemia testing before referral of patients to ICA.1

Fractional flow reserve (FFR) derived by standard acquired coron-
ary CTA (FFRCT) enables computational assessment of coronary
blood flow and pressure.12 FFRCT has high diagnostic perform-
ance,13–15 also in patients with high calcific burden,16 and, since the
FFRCT model incorporates the microcirculatory resistance,12 in pa-
tients at high risk of having microvascular disease.17 Recently, the
technology has advanced beyond diagnostic validation into clinical
utility.18–20 Although promising, the real-world clinical utility of cor-
onary CTA and FFRCT testing in stable patients with high risk of ob-
structive CAD is unknown.

The purpose of this study was two-fold: In stable patients with typ-
ical angina pectoris to assess (i) Influence on the use of downstream
ICA, and (ii) short-term safety of frontline coronary CTA with select-
ive FFRCT testing.

Methods

Study population
All symptomatic patients referred to non-emergent frontline ICA or
coronary CTA testing on a suspicion of stable CAD at Aarhus
University Hospital between 1 January 2016 and 30 June 2016 were

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

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

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

Table 1 Local recommendation for diagnostic work-
up in patients referred for coronary CTA or ICA be-
tween 1 January 2016 and 30 June 2016

Frontline

coronary CTA

Test outcome Diagnostic

consequence

Conclusive High risk anatomya OMT and ICA

(±FFRCT
d)

Intermediate risk anatomyb OMT and FFRCT
e

Low risk anatomyc OMT

Inconclusive OMT, MPI or ICA

FFRCT Test outcome Clinical

recommendation

Conclusive >0.8 OMT

0.75–0.8 OMT and follow-upf

<0.75 diffuse diseaseg OMT and follow-upf

<0.75 focal stenosish OMT and ICA

Inconclusive OMT or ICA

ICA, invasive coronary angiography; FFRCT, coronary computed tomography
angiography (CTA) derived fractional flow reserve; OMT, optimal medical treat-
ment; MPI, myocardial perfusion imaging.
aPatients with left main, three vessel disease or high-grade proximal left anterior
descending coronary artery stenosis.
bPatients with >_1 intermediate coronary stenosis (30–70%).
cPatients without coronary artery disease or maximum 30% coronary artery
stenosis.
dSelective FFRCT possible (i.e. for functional assessment of lesions which did not
directly lead to ICA).
eFFRCT as a gatekeeper to ICA.
fPreferably OMT and follow-up within 2 months: ICA recommended in the event
of ongoing chest pain.19

gFFRCT with gradual decline or distally located stenosis.
hFFRCT result indicating significant mid-proximal focal stenosis. Supplementary ma-
terial online, Figure S1 gives examples of the four modes of FFRCT test outcome.

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

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

Table 2 Patient characteristics

All (N 5 774) Risk group P-valuea

Low-intermediate (n 5 593) High (n 5 181)

Mean (SD) age, years 59 (11) 58 (11) 62 (11) <0.001

Male gender 401 (52) 297 (51) 104 (57) 0.09

Hypertension 288 (37) 202 (34) 86 (48) 0.001

Hyperlipidaemia 248 (32) 170 (29) 78 (43) 0.001

Diabetes 69 (9) 41 (7) 28 (15) 0.001

Tobacco 456 (59) 353 (60) 103 (57) 0.59

Family history of CAD 352 (47) 273 (46) 79 (44) 0.85

Mean (SD) BMI, kg/m2 26 (5) 26 (5) 27 (5) 0.02

Mean (SD) serum creatinine, mmol/L 78 (31) 77 (31) 81 (29) 0.06

Typical angina 181 (23) 0 181 (100) <0.001

Symptoms Atypical angina 449 (58) 449 (76) 0 <0.001

Non-anginal chest pain 144 (19) 144 (24) 0 <0.001

Mean (SD) Updated Diamond-Forrester risk score, % 40 (22) 31 (16) 67 (16) <0.001

Exercise-ECGb prior to inclusion 67 (9) 47 (8) 20 (11) 0.23

Values are numbers (%) if not stated otherwise.
CAD, coronary artery disease; BMI, body mass index; ECG, electrocardiogram.
aComparison between low-intermediate- and high-risk.
bExercise-ECG testing was used only in patients referred to coronary assessment from private cardiologist practices.
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.included. Patients were referred from our outpatient clinic, two com-
munity hospitals, and two private cardiologist practices. In this institu-
tion, coronary CTA is the frontline diagnostic test in symptomatic
patients with low-intermediate-risk of CAD,19 whereas patients with
typical angina pectoris are considered high-risk and preferably
referred directly to ICA. In this study we changed our diagnostic
workflow to frontline coronary CTA with selective FFRCT testing in
all symptomatic patients suspected of stable CAD referred for coron-
ary assessment. Patients <18 years old, with known CAD, severe renal
impairment, pregnancy, or with low probability of obtaining a conclu-
sive coronary CTA result were excluded.21 All patients underwent a
12-lead electrocardiogram, routine biochemistry, echocardiography,
and clinical evaluation before referral to frontline coronary CTA as-
sessment. Data were obtained from patient files and registries. The
study complies with the Declaration of Helsinki and was approved by
the Danish Data Protection Agency (1-16-02-54-16) and the Danish
Health Authority (3-3013-1641/1/).

Coronary CTangiography and FFRCT

assessment
Coronary CTA was performed on Siemens SOMATOM Definition Flash
and SOMATOM Force scanners (Siemens, Forchheim, Germany). The
strategy of coronary CTA acquisition in this institution has previously

been described.19 In brief, all patients received 0.8 mg sublingual nitrates
and oral/intravenous beta-blockers or oral ivabradine targeting a heart
rate <60 beats per minute. An initial 120 kV non-enhanced high-pitch spi-
ral acquisition was performed for calcium scoring. Coronary CTA was
performed with prospective electrocardiographic triggering. Experienced
cardiologists evaluated vessels >_2 mm in diameter using axial images and
multi-planar reconstructions.19 Local recommendations for downstream
management of patients after coronary CTA and FFRCT testing are
shown in Table 1. FFRCT analysis was based on standard coronary CTA
datasets (HeartFlow Inc., Redwood City, CA, USA).15 The principles
underlying FFRCT computation have been described previously.12 FFRCT

values distally in the major epicardial coronary arteries (including side
branches) >_2 mm in diameter were registered and FFRCT values <_0.8
were considered diagnostic of lesion-specific ischaemia.19 For clinical
decision-making on FFRCT Table 1 specifies local recommendations.

Invasive coronary angiography and FFR
ICA was performed according to standard practice by experienced inter-
ventional cardiologists who had access to all clinical information, including
available coronary CTA, FFRCT, and myocardial perfusion imaging (MPI)
results. Additional FFR testing was performed at the discretion of the
interventional cardiologist. FFR measurements were performed using the
Verrata (Volcano Therapeutics, Cordova, CA, USA) or Aeris (St. Jude
Medical, St. Paul, MN, USA) pressure wire and standard practice

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

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

Table 3 Coronary CTA acquisition characteristics

All (N 5 774) Risk group P-valuea

Low-intermediate (n 5 593) High (n 5 181)

Mean (SD) heart rate, beats/min 58 (11) 58 (11) 58 (10) 0.53

Sinus rhythm at CTA 717 (96) 574 (97) 143 (93) 0.06

Pre-CTA betablockers 618 (83) 493 (83) 125 (82) 0.63

Pre-CTA nitroglycerine 736 (99) 585 (99) 151 (99) 1.0

Mean (SD) CTA radiation dose, mSv 3.8 (2.1) 3.7 (2) 3.9 (2.4) 0.99

Mean (SD) cumulative radiation dose, mSv 4.2 (2.8) 4.1 (2.7) 4.7 (3.1) 0.10

Values are numbers (%) if not stated otherwise.
CTA, computed tomography angiography.
aComparison between low-intermediate- and high-risk.

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

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

Table 4 Patient characteristics according to conclusive coronary CTA and FFRCT

All (N 5 721) Risk group P-valuea

Low-intermediate (n 5 574) High (n 5 147)

Coronary artery stenosis >50% 176 (24) 109 (19) 67 (46) <0.001

Coronary high risk anatomyb 62 (9) 35 (6) 27 (18) <0.001

Mean (SD, range) Agatstonc 185 (543, 0–6085) 150 (491, 0–5743) 320 (695, 0–6085) <0.001

Agatston score >_400 95 (13) 61 (10) 34 (22) <0.001

Mean (SD) FFRCT
d 0.78 (0.13) 0.81 (0.10) 0.75 (0.16) 0.005

FFRCT <0.80 93 (44) 53 (39) 40 (56) 0.03

Values are numbers (%) if not stated otherwise. FFRCT, coronary computed tomography angiography (CTA) derived fractional flow reserve.
aComparison between low-intermediate- and high-risk.
bCoronary high risk anatomy: left main, three vessel disease or high-grade proximal left anterior descending coronary artery stenosis.
cAgatston: n = 592þ 153 in low-intermediate- and high-risk groups, respectively.
dFFRCT: lowest per patient value, i = 137þ 72 in low-intermediate- and high-risk groups, respectively.

Computed tomography derived fractional flow reserve testing 407



Figure 1 Diagnostic work-up of patients. N = numbers of patients. Numbers refer to planned diagnostic activities within 3 months after the initial
coronary CTA. Inconclusive coronary CTAs were due to obesity (n = 2), irregular heart rhythm (n = 6), high Agatston (n = 0), lack of cooperation (n
= 4), or combinations hereof (n = 12). CTA, CT angiography; ICA, invasive coronary angiography; OMT, optimal medical treatment; FFRCT, pre-
scribed coronary CTA derived fractional flow reserve; MPI, myocardial perfusion imaging.

Figure 2 Effect of FFRCT testing on cancellation of ICA. The Y-axis shows percentage in each risk group. CTA, CT angiography; FFRCT, prescribed
coronary CTA derived fractional flow reserve.

408 J.M. Jensen et al.
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..protocols. Instantaneous wave-free ratio (iFR) was measured in few pa-
tients.19 Decision on revascularization was at the discretion of the inter-
ventional cardiologist and experienced cardio-thoracic surgeons.

Radiation exposure
Radiation exposure is reported in mSv using conversion factors of 0.014
mSv/mGy-cm for coronary CTA (including calcium scans), 0.18 mSv/
(Gy cm2) for ICA and 0.00126 MBq for MPI.19

Follow-up
Within 90 days of follow-up from the coronary CTA investigation, diag-
nostic procedures (FFRCT, MPI, ICA, FFR/iFR) and treatment [percutan-
eous coronary intervention (PCI) or coronary artery bypass grafting
(CABG)] planned on the basis of the initial coronary CTA were

registered. Within a minimum of 90 days of follow-up patients with car-
diac or death from any cause, myocardial infarction, hospitalization or am-
bulatory visits due to chest pain were registered as adverse clinical
events. Death and myocardial infarction were categorized as serious ad-
verse clinical events.

Statistical analysis
Categorical data are presented as numbers and proportions and com-
parisons were done using v2 tests. Non-categorical data are presented as
means (standard deviation, SD) and compared by t-test and Mann–
Whitney U test as appropriate. A P-value <_0.05 was considered statistic-
ally significant. SPSS version 21 (VC Copyright IBM Corporation and
other(s) 1989, 2012) was used for analyses.

Figure 3 (A) 66-year-old female. Typical angina. Left: Coronary CTA, moderate stenosis in RCA and LAD (arrows). Right: FFRCT 0.85 (RCA) and
0.90 (LAD). OMT was recommended. (B) 61-year-old male. Typical angina. Left: Coronary CTA, moderate stenosis in RCA, LAD, and CX (arrows).
Centre: FFRCT 0.91 (RCA), 0.86 (LAD), 0.55 (CX). The patient was referred to ICA (Right): CX was stented and FFR was measured: 0.84 (LAD) and
0.90 (RCA). CTA, CT angiography; ICA, invasive coronary angiography; OMT, optimal medical treatment; FFRCT, prescribed coronary CTA derived
fractional flow reserve; RCA, right coronary artery; LAD, left anterior descending coronary artery; CX, circumflex coronary artery.

Computed tomography derived fractional flow reserve testing 409
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Results

A total of 795 consecutive patients were referred for ICA or coron-
ary CTA testing during the study period. Twenty-one patients did
not enter the study due to atrial fibrillation (n = 14), high BMI (n = 5),
and renal insufficiency (n = 2). Thus, the study cohort comprised 774
patients of whom 181 (24%) had typical angina pectoris and thus con-
stituted the high-risk group. Table 2 shows baseline and Table 3 cor-
onary CTA acquisition characteristics according to risk group
categorization. Patients in the high-risk group were older, had higher
prevalence of hypertension, hyperlipidaemia, diabetes, and higher
Diamond-Forrester risk than the low-intermediate-risk group.
Patients in the high-risk group had higher prevalence of CAD, higher
Agatston score, and lower FFRCT values than the low-intermediate-
risk group (Table 4).

In the high-risk group, 28 (15%) patients were referred directly to
ICA. Baseline characteristics of this group are presented in
Supplementary data online, Table S1. Coronary CTA was performed in
745 (96%) patients. The coronary CTA result was conclusive in 147
(96%) and 574 (97%) in the high- and low-intermediate-risk groups,
respectively.

Downstream test utilization
Figure 1 shows the diagnostic flow in the two groups. 212 (28%)
patients were prescribed FFRCT testing with a conclusive test
result obtained in 72 (97%) and 137 (99%) in the high- and

low-intermediate-risk patients, respectively. FFRCT testing was more
frequent, and more patients were referred to ICA in high- than in
low-intermediate-risk patients, 41% (74/181) vs. 23% (138/593)
(P < 0.001), and 36% (66/181) vs. 9% (53/593) (P < 0.001), respect-
ively. During the study period, seven patients underwent downstream
MPI due to an inconclusive coronary CTA result (n = 3), as supple-
ment to ICA (n = 3) or a positive FFRCT result (n = 1). The impact of
coronary CTA and FFRCT testing on cancellation of ICA is shown in
Figure 2. Overall, in high-risk patients having coronary CTA performed,
ICA was cancelled in 75% (115/153). Overall the effect of FFRCT test-
ing on cancellation of ICA was higher in high- as compared with low-
intermediate-risk patients. FFRCT was used as supplement to planned
ICA in 35 patients. In 34 of these patients FFRCT analysis was conclu-
sive with positive or negative FFRCT result in 28 and 6 patients, re-
spectively. In these patients FFR/iFR interrogations were performed in
21% (6/28) and 67% (4/6) (P < 0.05), respectively. Figure 3 shows clin-
ical examples of the impact of FFRCT testing on the referral to ICA.

Coronary revascularization
Figures 4 and 5 provide overviews of the effect of FFRCT testing on the
downstream use of planned ICA, FFR/iFR, and revascularization.
Coronary revascularization was performed in 54% (64/119) of the pa-
tients (PCI, 61%; CABG, 39%). In patients with typical angina pectoris
the rate of revascularization was higher in patients referred for coron-
ary CTA as compared with patients being referred directly to ICA.
Figure 6 shows the impact of coronary CTA and FFRCT testing on rates

Figure 4 Use of downstream diagnostic testing and revascularization. N = numbers of patients. Numbers in parenthesis refer to numbers of posi-
tive FFRCT results and numbers in brackets refer to the numbers of patients having fractional flow reserve (FFR) and/or instantaneous wave-free ratio
(iFR) performed. FFR was performed in 26 (84%), iFR in two (6%), and FFRþ iFR in three (10%) patients, respectively. Rev, revascularization; CTA,
CT angiography; ICA, invasive coronary angiography; OMT, optimal medical treatment; FFRCT, prescribed coronary CTA derived fractional flow
reserve.
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..of subsequent revascularization. Overall, the effect of FFRCT testing
was lower in high- as compared with low-intermediate-risk patients.

Clinical adverse events
Mean (SD) follow-up time was 157 (50) days. Clinical adverse events
are presented in Table 5. Serious clinical events occurred in four pa-
tients. None of the patients where ICA was cancelled due to the re-
sults of coronary CTA with selective FFRCT testing experienced
serious clinical events.

Discussion

In this single-centre all-comer cohort study, frontline coronary CTA
with selective FFRCT testing in stable, symptomatic patients with typ-
ical angina pectoris was feasible, and associated with a high rate of
cancellation of scheduled ICAs. No serious adverse clinical events
occurred in high-risk patients in whom ICA was cancelled within 90
days of follow-up.

An effective non-invasive test in stable CAD identifies patients
who benefit from ICA, and provides guidance for subsequent patient
care. Coronary CTA is increasingly used in patients suspected of

stable CAD. However, the inverse relationship between increasing
pre-test probability of CAD and the diagnostic specificity of coronary
CTA should be acknowledged.22 Moreover, the diagnostic specificity
of coronary CTA declines with increasing calcium scores.10

Consequently, guidelines do not recommend coronary CTA testing
in patients with high pre-test probability of CAD or in the event of a
high coronary calcium score.1

In prospective multi-centre trials including patients with low-
intermediate pre-test probability of stable CAD with blinded compari-
son to FFR, FFRCT showed high and, when compared with anatomical
interpretation by coronary CTA alone, superior diagnostic specifi-
city.13–15 Moreover, FFRCT has improved diagnostic specificity beyond
coronary CTA alone in patients with high coronary calcification.16

In the PLATFORM study, in patients with planned ICA, FFRCT testing
resulted in safe cancellation of ICA in 61% of the patients when com-
pared with standard practice.18 The present study extends previous
findings by demonstrating that in a real-world large consecutive co-
hort of symptomatic patients with suspected CAD, evaluation with
coronary CTA and selective FFRCT testing results in a high rate of can-
cellation of planned ICA irrespective of level of risk of CAD. Notably,
pre-test risk of CAD by the Diamond-Forrester algorithm in our

Figure 5 Use of FFR and revascularization following ICA. Numbers refer to percentage in each risk group. In patients referred to coronary CTA
revascularization was performed more frequently in high-risk as compared with low-intermediate risk (P = 0.03) without significant difference in use
of FFR/iFR (P = 0.78). Of the 56 patients in whom coronary revascularization was performed after coronary CTA with optional FFRCT, 59% (33/56)
had FFRCT performed, 21% (12/56) had FFRCT plus FFR and/or iFR, and 20% (11/56) had neither performed. ICA, invasive coronary angiography;
CTA, CT angiography; FFRCT, coronary CTA derived fractional flow reserve; FFR, fractional flow reserve; iFR, instantaneous wave-free ratio.
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..high-risk group was 67% vs. 51% in the PLATFORM ‘invasive’ cohort.
In addition, we observed that the ICA cancellation rate based on cor-
onary CTA alone was higher in the low-intermediate than in the high-
risk group (74% vs. 46%). These findings are in accordance with a re-
cent study of patients suspected of CAD and low-intermediate pre-
test risk (45%) of significant CAD where ICA safely could be cancelled
in 75% of patients based on the coronary CTA result alone.9 In a study
by Dewey et al.23 of patients referred to ICA, 86% had ICA safely can-
celled based on frontline coronary CTA testing. However, the latter
study cohort was relative low risk with a low proportion of patients
having typical angina and a pre-test risk score of 34%. The present
study adds to previous findings by demonstrating the limited value of

coronary CTA as a gatekeeper test to ICA in patients with high risk of
CAD. Accordingly, following a strategy of coronary CTA with selective
FFRCT testing, the relative proportion of cancellations of planned ICAs
was 63% in the high- vs. 23% in the low-intermediate-risk group. In add-
ition, a strategy of coronary CTA with selective FFRCT testing in the
high- vs. low-intermediate-risk group was associated with an increased
diagnostic yield of ICA by demonstrating revascularization rates of 76%
and 52%, respectively. The present non-invasive diagnostic strategy in
patients with classical angina pectoris was supported by a short-term
low rate of adverse events in patients where ICA was cancelled. The
overall low adverse event rate in this study is in accord with recent
large scale studies.7,8,18

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

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

Table 5 Clinical adverse events after a minimum of 90 days follow-up

Clinical event All (N 5 774) Low-intermediate-risk

(n 5 593)

High-risk (n 5 181)

ICA (n 5 66) ICA cancelled (n 5 115)

Hospitalization 8 (1.0) 6 (1.0) 1 (1.5) 1 (0.9)

Ambulatory referral 3 (0.4) 2 (0.3) 1 (1.5)

Cardiac death 1 (0.1) 1 (1.5)

Non-cardiac death 2 (0.3) 2 (0.3)

Total 14 (1.8) 10 (1.7) 3 (4.5) 1 (0.9)

Numbers of adverse events (%). In the low-intermediate-risk group one non-ST-elevation myocardial infarction and two non-cardiac deaths occurred (known terminal cancer
before referral and trauma, respectively). In the high-risk group one cardiac death occurred (refractory cardiac arrest within 24 h after coronary artery bypass surgery). The re-
maining 10 clinical adverse events did not result in testing or treatment.

Figure 6 Effect of FFRCT testing on use of revascularization. The Y-axis shows percentage of patients in each risk group. CTA, CT angiography;
FFRCT, prescribed coronary CTA derived fractional flow reserve.
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Guidelines for coronary revascularization support anatomic sten-

osis evaluation by ICA with FFR or conventional ischaemia testing.1

In current practice less than two-thirds of patients undergo non-inva-
sive ischaemia testing before ICA and the majority of patients have
no angiographic evidence of obstructive CAD.2,4 Opposite to con-
ventional ischaemia testing, FFR is a validated tool for the functional
assessment on a per-lesion basis, which is needed to guide revascular-
ization. However, the adoption of FFR in clinical practice is limited.24

In the present study, the majority of revascularizations were per-
formed with available information on lesion-specific ischaemia. Of
note, the majority of functional tests were FFRCT, which in this insti-
tution has been adopted into clinical practice for revascularization
guidance.19 These findings are in accordance with the PLATFORM
study in which data regarding the functional significance of coronary
stenosis at the time of revascularization were available in 95% in the
FFRCT guidance group compared with 49% in the usual care group.18

In this institution FFRCT is used as a diagnostic gatekeeper to ICA
or as a supplemental test in patients with multiple lesions in whom re-
ferral to ICA has been decided. Interestingly, a supplemental negative
FFRCT result prompted use of FFR/iFR more frequently than when a
positive FFRCT was present. This probably relates to the severity of
CAD in these patients. Thus, in patients with positive FFRCT results
the severity of CAD was high and the need of additional per-lesion
functional information for guidance of revascularization was less than
in patients with normal dichotomized FFRCT results.

Limitations
This is an observational and single-centre study and thus with inher-
ent limitations. Specifically, it should be acknowledged that the crite-
ria used in this study to define high risk anatomy and clinical
recommendations following FFRCT testing have not been tested in
randomized studies. However, our study included a large consecutive
cohort of patients with limited exclusion criteria, and represent pa-
tients encountered in clinical practice. An extended follow-up includ-
ing systematic registration of angina symptoms, which is the major
target of PCI, would have added valuable information. High-risk was
defined according to local practice as typical angina. This strategy was
legitimized by previous findings showing that the presence of typical
angina is a very strong predictor of finding obstructive CAD at ICA.5

Moreover, the findings of a high baseline risk profile, high Diamond-
Forrester score (67% vs. 31%), high calcium score (320 vs. 120) and a
high revascularization rate (76% vs. 52%) in patients with vs. those
without typical angina support this strategy. Local recommendations
were not followed in all patients, thus 29 (4%) patients went directly
to ICA and out of 511 patients who were prescribed OMT, 5 (1%)
had coronary stenosis >50%. We did not record plaque composition,
hence the potential value of this in terms of risk reclassification could
not be elucidated.25

Conclusion

Frontline coronary CTA with selective FFRCT testing in stable, symp-
tomatic patients with typical angina pectoris is associated with a high
rate of cancellation of planned ICAs. The results obtained in this
study need confirmation in larger randomized studies with longer fol-
low-up.

Supplementary data

Supplementary data are available at European Heart Journal - Cardiovascular
Imaging online.
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