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Abstract The haemodynamic effect of a coronary artery
stenosis is a better predictor of prognosis than anatomical
lumen obstruction. Until recently, no individual non-
invasive test could provide both accurate coronary anatomy
and lesion-specific myocardial ischaemia. However, com-
puter tomography (CT) fractional flow reserve, which can
be calculated from a standard CT coronary angiogram, was
recently demonstrated to accurately detect and rule out the
haemodynamic significance of individual coronary artery
stenoses.
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reserve (FFR) -Non-invasive cardiacimaging - Single photon
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Background

As demonstrated by the FAME study, the prognosis of a
coronary artery stenosis is predicted more accurately by its
functional effect on myocardial perfusion than by the de-
gree of anatomical arterial lumen obstruction [1]. Current
guidelines emphasise that invasive coronary angiography
(ICA) with the measurement of fractional flow reserve
(FFR) is the reference standard to determine the haemody-
namic significance of individual coronary artery stenoses
(class 1A indication) [2, 3]. ICA and FFR are not without
risk, as complications such as bleeding, arrhythmia, stroke,
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coronary artery dissection and myocardial infarction may
occur [4]. Also, as many as 40 % of patients undergoing
ICA do not have obstructive coronary artery disease
(CAD) and will not require percutaneous coronary inter-
vention (PCI) or coronary artery bypass grafting (CABQG)
[5]. Thus, there is a need for non-invasive imaging modal-
ities to reduce the number of invasive examinations in
order to reduce risks and costs.

Comparison with ICA

While some imaging techniques have focused on coronary
anatomy, others have focused on myocardial perfusion. The
diagnostic performance of the various modalities for the
per-patient detection of at least 1 > 50 % stenosis on
ICA is listed in Table 1.

CT coronary angiography (CTCA) has evolved rapidly
over the last decade [6]. Three multicentre studies and a
number of single-centre studies enrolling a total of 1527
angina patients have demonstrated 64-slice CTCA to accu-
rately rule out CAD (Table 1). The negative predictive value
(NPV) on a per-patient basis is excellent, at approximately
95 % [6—8] with the single exception of the study by Miller
et al. who reported a considerably lower value [9]. However,
mainly due to over-estimation of highly calcified lesions the
positive predictive value (PPV) is more modest: 64 — 92 %
on a per-patient basis in the multicentre studies [7-9].
Single-centre studies on newer generation CT scanners, such
as dual source CT scanners, show a similar diagnostic per-
formance to the single-centre studies on 64-slice CTCA, yet
at a lower radiation dose (Table 1) [10]. Due to the relatively
high rate of false-positive findings, the current appropriate
use criteria limit CTCA to patients without known CAD and
a low to intermediate likelihood of CAD [11]. In these
patient categories, CTCA is also cost-effective [12].
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Table 1 Diagnostic performance of various non-invasive tests for the per-patient detection of at least 1>50 % stenosis on invasive coronary

angiography

Test N Sensitivity Specificity PPV NPV Accuracy Reference
64-CTCA (single-centre, pooled) 646 98 % 88 % 94 % 95 % 94 % Meijs [6]
64-CTCA (multi-centre) 360 99 % 64 % 86 % 97 % 88 % Meijboom [8]
64-CTCA (multi-centre) 230 95 % 83 % 64 % 99 % 85 % Budoff [7]
64-CTCA (multi-centre) 291 83 % 91 % 92 % 81 % 87 % Miller [9]
DS-CTCA (single-centre, pooled) 764 97 % 89 % 90 % 97 % 93 % Weustink [10]
MPI-SPECT (pooled) 4480 87 % 73 % 91 % 63 % 84 % Klocke [22]
MPI-PET (pooled) 1660 90 % 89 % 94 % 73 % 90 % Beanlands [21]
MPI-MR 676 82 % 86 % 79 % 88 % * Greenwood [33]
MPI-MR + MR coronary angiography 676 87 % 83 % 77 % 91 % * Greenwood [33]
MPI-SPECT + CTCA 130 99 % 87 % 91 % 98 % 84 % Sato [45]

For CTCA, results of the single-centre studies on 64-slice CTCA (pooled estimate on original data), the 3 multicentre studies on 64-slice CTCA and
the single-centre studies on dual-source CTCA (pooled estimate on original data) are presented separately

N number of patients, CTCA CT coronary angiography, 64-CTCA 64-slice CTCA, DS-CTCA dual source CTCA, MPI myocardial perfusion
imaging, SPECT single photon emission CT, PET positron emission tomography, MR magnetic resonance, PPV positive predictive value, NPV

negative predictive value

* Accuracy was not reported for this study and could not be calculated from the presented data

Although the initial results of magnetic resonance (MR)
coronary angiography have been encouraging, this tech-
nique is hampered by the relatively low spatial resolution
of MR as compared with CT [13, 14]. Therefore, the present
application of MR coronary angiography seems limited to
the proximal and mid coronary segments.

Stress myocardial perfusion imaging (MPI) with single
photon emission computed tomography (SPECT) [15], pos-
itron emission tomography (PET) [16] or MR [17, 18] and
dobutamine cardiac MR stress imaging [19, 20] focus on the
detection of regional myocardial ischaemia based on perfu-
sion defects or wall motion abnormalities.

MPI-SPECT and MPI-PET have been extensively validated
against ICA (Table 1) [21, 22]. While the PPV is high (91 %),
the NPV is only modest (63 %). The performance of vasodilator
stress MPI-SPECT compared with ICA is similar to exercise
stress MPI-SPECT [22]. As a result of a higher spatial resolu-
tion, better attenuation correction and the ability of absolute
quantification of myocardial flow, MPI-PET outperforms MPI-
SPECT (Table 1), although larger direct comparative studies
are lacking [16, 21, 23]. MPI-PET has a PPV of 94 % and an
NPV of 73 % (Table 1). A normal MPI is associated with a
favourable annual cardiac event rate of 0.6 % for MPI-SPECT
[24] and 0.4-0.7 % for MPI-PET [25, 26].

In MPI-SPECT or relative perfusion PET, false-negative
results due to ‘balanced ischaemia’ may occur in patients
with multivessel or left-main CAD [27, 28]. In 143 patients
with three-vessel disease on ICA, 18 % had no perfusion
defect on MPI-SPECT [28]. Also, perfusion abnormalities
were identified in all three coronary territories in only 46 %
of these patients [28]. Similarly, in 101 patients with left-

main CAD on ICA, >40 % of patients had low-risk findings
on MPI-SPECT [27]. The ability of MPI-PET to enable
absolute measurements of myocardial blood flow improves
its sensitivity in left-main or multivessel disease [29-31]. In
103 angina patients with an intermediate pre-test risk for
CAD, absolute quantification of myocardial perfusion with
PET outperformed relative assessment of myocardial perfu-
sion with PET [30]. The PPV improved from 61 % to 86 %
and the NPV improved from 83 % to 97 % [30]. The
addition of wall motion abnormalities and a decrease in left
ventricular ejection fraction during stress resulted in a modest
improvement of the detection and exclusion of three-vessel or
left-main disease [27, 28, 32]. Also in this regard PET has the
advantage over SPECT, as PET can measure peak rather than
post-stress left ventricular ejection fraction [32].

Obesity may yield false-positive findings, although less
frequently in MPI-PET than in MPI-SPECT, as MPI-PET
has a higher spatial resolution and better attenuation correc-
tion [15]. Left-bundle block may give the false impression
of septal perfusion defects [15].

MR myocardial perfusion imaging (MPI-MR) combined
with wall motion analysis during adenosine stress and MR
angiography has been compared with ICA and SPECT in 676
angina patients (Table 1) [33]. MPI-MRI with wall motion
analysis had a fair NPV of 88 % but a modest PPV (79 %).
The addition of MR coronary angiography did not markedly
improve diagnostic performance (Table 1). MPI-MR outper-
formed MPI-SPECT, which had a PPV of 71 % and NPV of
79 % in this study. In a smaller study, dobutamine stress MR
was demonstrated to have a similar diagnostic performance as
MPI-MR compared with ICA [34].
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Importantly, as no FFR measurements were performed in
the above-mentioned studies, it may well be that some of the
‘false-negative’ findings of MPI compared with ICA actu-
ally represent haemodynamically non-significant lesions.
The studies comparing MPI with FFR are discussed below.

Comparison with FFR

The correlation of CTCA and ICA with FFR is only moderate.
In a study by Meijboom et al. in 79 stable angina patients, the
diagnostic accuracy of quantitative CTCA and quantitative
ICA to detect a haemodynamic lesion (here defined as FFR
<75 %) on a per-vessel level was only 71 % and 67 %,
respectively (Table 2) [35]. Koo et al. reported similar results
(Table 2) [36]. However, in another study in 107 chest pain
patients by Kajander et al. a markedly better diagnostic per-
formance of CTCA compared with FFR was found, with an
accuracy of 91 % (Table 2) [37]. This might be explained by
the low prevalence of significant CAD (37 %) and multivessel
CAD (21 %) by FFR in this study population. Koo and
Kajander did not report the diagnostic performance of ICA
to FFR.

The correlation of MPI-SPECT and FFR also seems only
moderate, especially in multivessel disease (Table 2). In 36
patients with two- or three-vessel disease determined by FFR,
31 % of regions supplied by a vessel with an FFR-positive
stenosis or occlusion had no perfusion defect on MPI-SPECT
[38]. Accordingly, in two small studies by Forster et al. and
Melikian et al. the NPV of MPI-SPECT compared with FFR
in patients with angiographic two- or three-vessel disease was
low (Table 2) [39, 40]. In the latter study, SPECT-MPI

underestimated the number of ischaemic territories in 36 %
of 67 patients [40]. Importantly, however, according to FFR
no significant CAD was present in 20 of 67 patients, and only
single-vessel CAD was present in another 20 of 67 patients [40].

In the aforementioned study by Kajander et al. MPI-PET
had a PPV of 86 % and an NPV of 97 % on a per-patient
level compared with FFR [37]. In a per-vessel analysis, the
PPV was 78 % and the NPV was 98 % (Table 2). However,
as mentioned above, the per-patient diagnostic performance
of CTCA compared with FFR was also markedly higher in
this study than in the studies by Meijboom et al. and Koo et
al. Therefore, additional studies are required to determine
the diagnostic performance of MPI-PET versus FFR.

MPI-MR and dobutamine stress MR (or the combination of
these techniques) have been compared with FFR in three
relatively small studies (42 to 103 patients) [41—43]. Although
the reported PPV varies across these studies, the NPV is
consistently high (Table 2). In a direct comparison, 3.0 T
MPI-MR was found to be superior to 1.5 T MPI-MR for the
detection of FFR-positive lesions [44]. In 1493 patients with
known or suspected CAD, a negative dobutamine stress MR
was associated with a <0.5 % 4-year event rate in patients with
a low or intermediate pre-test probability of CAD [45].
However, the 4-year event rate in patients with a negative
dobutamine stress MR but a high pre-test probability or
with known CAD was still 5 % [45].

Combining anatomy and function

In conclusion, while CTCA has a high NPV but a modest
PPV compared with ICA and FFR, the opposite holds true

Table 2 Diagnostic performance of various non-invasive tests for the per-vessel-territory detection of ischaemia (FFR<0.80%)

Test N patients Sensitivity Specificity PPV NPV Accuracy Reference

ICA (quantitative) 79 57 % 69 % 49 % 76 % 65 % Meijboom [35]

CTCA (quantitative) 79 45 % 79 % 54 % 73 % 67 % Meijboom [35]

CTCA (visual) 79 94 % 48 % 49 % 43 % 64 % Meijboom [35]

CTCA (visual) 107 75 % 95 % 76 % 94 % 91 % Kajander [37]

CTCA (visual) 103 91 % 40 % 47 % 89 % 59 % Koo [36]

MPI-SPECT 139 48-62 % 80-90 % 61-62 % 70-90 % 67-84 % Forster [39], Melikian [40]

MPI-PET 107 95 % 92 % 78 % 98 % 92 % Kajander [37]

MPI-MR 195 82 %97 % 60-98 % 65-98 % 86-96 % 76-90 % Kirschbaum [41], Watkins [43],
*Lockie [42]

MPI-PET+CTCA 107 93 % 99 % 96 % 99 % 98 % Kajander [37]

MPI-CT+CTCA 42 68 % 98 % 97 % 77 % 84 % Ko [50]

CT-FFR 103 88 % 82 % 74 % 92 % 84 % Koo [36]

The diagnostic performance on a per-vessel-territory level of various non-invasive tests for the detection of a stenosis with a fractional flow reserve

(FFR) < 0.80 (*except for FFR < 0.75 in Lockie et al.)

As the reported diagnostic performance of the various tests varies considerably across studies, several CTCA studies have been listed separately and
a range is reported for MPI-MR. Abbreviations as for Table 1. CT-FFR = CT fractional flow reserve
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for MPI. MPI-PET and MPI-MR seem to correlate better
with FFR than MPI-SPECT, although only limited data are
available. Also, correlating a perfusion defect to a specific
coronary artery stenosis can be challenging. As a logical
next step, it was studied whether the combination of CTCA
and MPI improves diagnostic performance.

In a study by Sato et al. in 130 angina patients, the combi-
nation of CTCA and MPI-SPECT improved the detection of
significant CAD on ICA compared with CTCA alone [46].
The per-patient PPV increased from 82 % to 97 % without a
decrease in NPV (Table 1).

Kajander et al. compared CTCA and CTCA combined
with MPI-PET with invasive FFR in the aforementioned
study in 107 stable angina patients [37]. Only vessels with
both a>50 % stenosis on CTCA and a perfusion defect on
PET in the region of the vessel were classified as signifi-
cantly stenosed. In a per-patient analysis, CTCA and MPI-
PET alone each had a high NPV (97 %), but a more modest
PPV (81 % and 86 %, respectively) compared with FFR.
The combination of CTCA and MPI-PET resulted in a near-
perfect PPV of 100 % and NPV of 98 % on a patient level.
Similar excellent performance of CTCA combined with
MPI-PET was found on a per-vessel level (Table 2). As
mentioned above, in this study the diagnostic performance
of CTCA versus FFR was higher than in other studies,
possibly due to a low prevalence of CAD.

Technological advancements have enabled MPI with CT
(MPI-CT) [47], for which a good correlation with MPI-SPECT
was demonstrated [47]. In two studies in 45 and 35 angina
patients, respectively, MPI-CT combined with CTCA had a
PPV of 88 % and 86 % and an NPV of 91 % and 93 %,
respectively, in a per-vessel analysis for the detection of>
50 % stenosis on ICA [48, 49]. In 42 patients with at least
1>50 % angiographic stenosis on ICA, MPI-CT combined
with CTCA was compared with invasive FFR by Ko et al.
[50]. MPI-CT combined with CTCA had a PPV of 97 % and an
NPV of 77 % in a per-vessel analysis compared with FFR
(Table 2) [50]. In 33 patients, of whom 22 had a positive FFR
value or a>85 % stenosis on ICA, MPI-CT combined with
CTCA had a per-vessel PPV of 75 % and NPV of 97 % [51].

Preliminary data have indicated that the transluminal atten-
uation gradient may improve the accuracy of CTCA compared
with ICA, especially in severely calcified lesions [52].

Although these new CT techniques and the combination of
MPI-SPECT or MPI-PET with CTCA seem highly promising,
larger studies and studies in patient populations with a higher
prevalence of (multivessel) CAD are warranted.

CT-FFR

The application of computational fluid dynamics to CTCA
has enabled the calculation of FFR values from standard

CTCA scans without the need of additional medication,
image acquisition or radiation exposure [53]. The recent
DISCOVER-FLOW study comparing CT-FFR to invasive
FFR demonstrates that CT-FFR accurately detects and rules out
haemodynamically significant coronary artery stenosis [36].

Technical aspects
Technical aspects of CTCA

We have discussed the technical aspects of CTCA in more
detail previously [6]. In brief, a multi-slice CT scanner
contains an X-ray tube opposite a row of multiple thin
detectors. A breath hold is required to prevent breathing
artefacts. To synchronise for cardiac motion, image acquisition
takes place in either a retrospective ECG-gated or prospective
ECG-triggered fashion. Scanning the entire heart in one gantry
rotation has become feasible with the 320-row CT scanner
[54]. This renders CTCA less vulnerable to artefacts due to
breathing, irregular heart rthythm or higher rate [54]. Also,
temporal resolution has improved with faster gantry rotation
times and the advent of dual source CT scanners [55], enabling
the reconstruction of a cross-sectional image from a 90° instead
of'a 180° rotation. These improvements have led to modern CT
protocols based on prospective ECG-triggered image acquisi-
tion (FLASH), which has resulted in a drastic reduction in
radiation dose from 17 mSv to 1.5 mSyv [56].

Technical aspects of FFR

The technical aspects of FFR have been discussed in more
detail elsewhere by Pijls et al. [57]. FFR is the ratio of
maximum blood flow in a stenotic artery to maximum blood
flow if the same artery were normal [57]. Normal epicardial
coronary arteries do not contribute significantly to the resis-
tance in the total coronary network including the microvas-
culature. A larger amount of myocardial mass supplied by
the vessel results in a larger maximal flow, and thus, in a
larger pressure gradient over a given stenosis. Therefore, a
given remaining coronary lumen area will result in a lower
FFR if a larger myocardial mass is supplied by the vessel.
Conversely, after a myocardial infarction, the amount of
perfused myocardium decreases, and the FFR will increase.
As the relation between myocardial blood flow and intra-
coronary pressure is linear during maximal hyperaemia,
FFR can be calculated as the ratio of the coronary pressure
distal to the stenosis and the mean aortic pressure during
hyperaemia.

An intracoronary nitrate bolus is given to abolish epicardial
vasoconstriction. During maximal hyperaemia induced by
(e.g.) adenosine, intracoronary pressure distal to the stenosis
is determined with a guide wire with an integrated pressure
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sensor. Aortic pressure is taken as a reference to determine
maximum blood flow if no stenosis would have been present.

As a result of the simultaneous measurement of aortic
and intracoronary pressure, FFR is not influenced by
changes in systemic haemodynamics. FFR also takes into
account the (positive or negative) contribution of collaterals.

An FFR <0.75 was shown to be almost always associated
with myocardial ischaemia [58]. Conversely, an FFR>0.80
was almost never associated with myocardial ischaemia
[57]. For FFR values between 0.75 and 0.80 the association
with ischaemia is less clear [57]. The FFR cut-offs hold true
for patients with left-main or multivessel CAD, previous
myocardial infarction or diabetes [57]. In sequential steno-
ses, a pull-back FFR measurement can be performed to
appreciate the haemodynamic contribution of the individual
stenoses. However, FFR measurement should not be per-
formed within 5 days after acute myocardial infarction [57].
In the FAME study, FFR-guided intervention in multivessel
disease decreased the incidence of adverse events by 30 %
[1]. The risk of myocardial infarction or death associated
with stenoses with an FFR>0.80 is approximately 1 % per
year. PCI does not improve this prognosis [59].

Technical aspects of CT-FFR

CT-FFR is based on computational fluid dynamics. The
equations used for computational fluid dynamics were for-
mulated as early as the 19th century, based on the law of
conservation of mass and balance of momentum. However,
the solution of these equations only became possible with
modern computing power and numerical methods.
Computational fluid dynamics is most widely known for
its application in airplane and car design, e.g., for a given
design of an airplane wing (‘the geometry’), the velocity and
pressure of air around every point on that wing can be
calculated based on the relative velocity of incoming air
and atmospheric pressure (‘the boundary conditions’) and
the viscosity and density of the air (‘the fluid properties”’).
Thus, lift and drag provided by that wing can be calculated.
The same principles can be applied to the coronary arteries
[60]. First, a detailed analysis of coronary anatomy (‘the geom-
etry’) is made based on CTCA. Next, the boundary conditions
are calculated: mean aortic pressure, resting coronary flow and
coronary microcirculatory resistance (and its reaction to maxi-
mal hyperaemia). Mean aortic pressure is estimated by mea-
surement of blood pressure with a sphygmomanometer before
CTCA. In the absence of acute myocardial ischaemia during
CTCA, it can be assumed that resting coronary blood flow is
proportional to myocardial mass [61]. Myocardial mass can be
calculated accurately from CTCA [62]. The coronary microcir-
culatory resistance is assumed to be inversely (although not
linearly) proportional to the size of the epicardial vessel [63].
Finally, the reaction of the microvasculature to adenosine is
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known to react predictably to maximal hyperaemia (adenosine)
[64]. Viscosity and density of blood (‘the fluid properties’) are
related to haematocrit values. Thus, velocity and pressure of
blood in the coronaries are calculated. Thereby, for every point
in the coronary arteries, FFR values can be calculated as the
ratio of coronary pressure and mean aortic pressure (Fig. 1).
An even more advanced application would be the prediction
of post-PCI CT-FFR. This is done by software-based removal
of the stenosis (assuming an optimal result of the PCI)
and re-calculating CT-FFR for the vessel without stenosis.

Radiation dose

Radiation exposure is a factor of concern in CT, SPECT and
PET imaging. The combination of SPECT or PET perfusion
with CTCA requires the patient to undergo two scans,
resulting in increased radiation exposure and increased
costs. A modern prospectively acquired CTCA has a modest
radiation dose of 1.5 mSv [56]. The addition of CT perfu-
sion to CTCA substantially increases the radiation dose to
approximately 12 mSv [50]. Isolated rest and stress SPECT
requires 11-12 mSv and isolated rest and stress PET
requires 3 to 4 mSv [65]. The radiation dose for SPECT
and PET combined with prospectively acquired CTCA is
approximately 13 mSv [66] and 9.3 mSv [37], respectively.
ICA is associated with a radiation dose of 7 mSv [37]. As
standard CTCA scans are used, CT-FFR does not increase
the radiation dose compared with CTCA.

The DISCOVER-FLOW study: CT-FFR versus invasive
FFR

Recently, Koo et al. compared CTCA and CT-FFR to inva-
sive FFR in the DISCOVER-FLOW study [36]. In this
study, 103 stable angina patients were included who under-
went ICA with FFR for clinical reasons and CTCA for study
purposes. In order to be eligible, patients were required to
have at least 1>50 % stenosis on CTCA in a major coronary
artery. Both patients with and without known CAD were
included. The major exclusion criteria were life expectancy
<2 years, contraindications to CTCA or medication required
for CTCA or FFR, previous CABG or a non-evaluable
CTCA. The study was powered on a per-vessel analysis.
In this multivendor multicentre study, the radiation dose
ranged from 3 mSv (for prospective scans) to 15 mSv (for
retrospective scans). Stenoses on CTCA were visually
classified as none (0 %), mild (149 %), moderate (50—
69 %) or severe (> 70 %). CT-FFR values were calculated
as described above. FFR was performed as clinically
indicated. An invasive FFR<0.80 was considered diag-
nostic of lesion-specific ischaemia. In six vessels that
were 99 % occluded, no FFR was performed for safety
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Fig. 1 Anatomically
obstructive stenosis with a
lesion causing ischaemia (a)
Multiplanar reformat of
coronary computed tomography
angiography demonstrating
obstructive (> 50 %) stenosis
(white arrow) in the proximal
portion of the left anterior
descending (LAD) artery. (b)
Invasive coronary angiography
confirms the LAD stenosis (red
arrow) with corresponding
haemodynamically significant
reductions in coronary pressure
in the first diagonal branch
(0.78) and distal LAD (0.58) by
FFR. (¢) Noninvasive compu-
tation of FFR from FFRCT of
the first diagonal branch (0.79)
and distal LAD (0.57), demon-
strating lesion-specific ischae-
mia of the proximal LAD
stenosis. (Reproduced with
permission from Koo et al. J
Am Coll Cardiol. 2011 [36])

reasons. Whereas in the FAME study subtotally occluded
vessels were assigned an FFR value of 0.50 [1], in the
current study these vessels were excluded from the anal-
ysis to prevent overestimation of the diagnostic perfor-
mance of CT-FFR. The mean age of the patients was
62.7 years and 72 % of patients were male. Medical
history included previous myocardial infarction or previ-
ous PCI in 17 % and 16 % of patients, respectively. The
mean left ventricular ejection fraction was 62 %. As
expected, the prevalence of cardiovascular risk factors
and the use of cardiac medication was high.

Although the study was not powered on a per-patient
level, CTCA had a per-patient PPV of 58 % and an NPV
of 80 % compared with FFR. CT-FFR reduced the number
of false positives, which resulted in a much higher PPV
(85 %), without a decrease in NPV (81 %) compared with
FFR. The addition of CTCA stenosis to CT-FFR did not
improve the diagnostic performance. Also in a per-vessel
comparison with FFR, the number of false-positive findings
was much lower for CT-FFR than for CTCA, and hence the
PPV was much higher for CT-FFR than for CTCA without a
decrease in NPV (Table 2).

There were four false-negative lesions, all of which
had an FFR value in the ‘grey zone’ between 0.75 and
0.80. Repeating the analyses with an FFR cut-off of
0.75 yielded similar results. Assigning an FFR value
of 0.50 to subtotally occluded lesions further improved
the performance of CT-FFR.

FFR=0.79

|

FFR=0.57 —

Future perspectives and studies

In the DeFACTO study, 238 patients will undergo CTCA, ICA
and 3-vessel FFR in order to determine the diagnostic perfor-
mance of CT-FFR compared with invasive FFR [67]. Patients,
without prior PCI in the suspected culprit vessel and without
prior CABG, who undergo CTCA and afterwards ICA for
clinical reasons are eligible. CTCA will be performed on scan-
ners with 64 or more detector rows. Stenosis with <30 % lumen
narrowing on CTCA will be considered negative. For stenosis
with>30 % on CTCA, CT-FFR will be calculated. It is planned
that up to 12 % of subjects will have unevaluable CTCA, ICA
or FFR results. Study aims are per-patient and per-vessel diag-
nostic performance of CT-FFR compared with FFR. Also, as a
secondary objective, the diagnostic accuracy of predicted post-
PCI CT-FFR compared with post-PCI FFR will be assessed.

If the DeFACTO study results are positive, further studies
are warranted to confirm that a >50 % stenosis on CTCA
with a negative CT-FFR value is associated with an event-
free follow-up. Also, the cost-effectiveness of CTCA with
CT-FFR needs to be compared with regular clinical care and
compared with CTCA without CT-FFR.

Conclusion

As CT-FFR seems to reduce the number of false-positive
findings on CTCA by providing lesion-specific ischaemia,
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this promising new technique may lead to a further reduction
in inappropriate referrals for ICA. Also, CT-FFR may extend
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