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Abstract: Coronary artery disease is the leading cause of mortality worldwide. Diagnosis is con-
ventionally performed by direct visualization of the arteries by invasive coronary angiography
(ICA), which has inherent limitations and risks. Measurement of fractional flow reserve (FFR) has
been suggested for a more accurate assessment of ischemia in the coronary artery with high accu-
racy for determining the severity and decision on the necessity of intervention. Nevertheless, inva-
sive coronary angiography-derived fractional flow reserve (ICA-FFR) is currently used in less than
one-third of clinical practices because of the invasive nature of ICA and the need for additional
equipment and experience, as well as the cost and extra time needed for the procedure. Recent
technical advances have moved towards non-invasive high-quality imaging modalities, such as
magnetic resonance, single-photon emission computed tomography, and coronary computed to-
mography (CT) scan; however, none had a definitive modality to confirm hemodynamically signif-
icant coronary artery stenosis. Coronary computed tomography angiography (CCTA) can provide
accurate anatomic and hemodynamic data about the coronary lesion, especially calculating frac-
tional flow reserve derived from CCTA (CCTA-FFR). Although growing evidence has been pub-
lished regarding CCTA-FFR results being comparable to ICA-FFR, CCTA-FFR has not yet re-
placed the invasive conventional angiography, pending additional studies to validate the ad-
vantages and disadvantages of each diagnostic method. Furthermore, it has to be identified whether
revascularization of a stenotic lesion is plausible based on CCTA-FFR and if the therapeutic plan
can be determined safely and accurately without confirmation from invasive methods. Therefore,
in the present review, we will outline the pros and cons of using CCTA-FFR vs. ICA-FFR regard-
ing diagnostic accuracy and treatment decision-making.
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1. INTRODUCTION (NHANES). The prevalence of CVD, excluding hyperten-
sion, has been reported at 9.3% [1]. CVD is among the top
causes of death worldwide, responsible for at least one-third
of the all-cause mortality rate, mainly attributed to ischemic
heart disease and stroke [2]. The age-standardized death rate
of CVD varies among nations depending on the overall inci-
dence of CVD in that region, determined by the risk factors
in that population, such as obesity, physical inactivity, hy-
perlipidemia, hypertension, diabetes mellitus, chronic kidney
disease, and environmental risks such as air pollution, which
vary prominently among different regions [3]. Another criti-
cal determinant of CVD-related mortality rate is attributed to

The prevalence of Cardiovascular disease (CVD), in-
cluding coronary artery disease (CAD), heart failure (HF),
stroke, and hypertension, has been reported at 49.2% in
adults over 20 years of age by the American Heart Associa-
tion (AHA) in March 2021 annual statistical update report.
This report was based on 2015-2018 data collected by the
National Health and Nutrition Examination Survey
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onary artery disease (CAD), investment in which has result-
ed in a decreasing trend in CVD-related mortality during the
past 25 years in countries with a high sociodemographic
index, despite the plateau or gradual decline in CVD-related
mortality rate in most regions of the world [4, 5]. The impli-
cation of underlying CVD has also been magnified over the
past two years during the Coronavirus disease 2019
(COVID-19) pandemic, which has resulted in over 6 million
deaths (as of April 2022), as the presence of CVD increases
the vulnerability to severe outcome from COVID-19 infec-
tion, including the risk of hospitalization and death [6, 7].

The conventional therapeutic approaches for CVD in-
clude medical therapies (such as statins, beta-blockers, ni-
trates, and antiplatelets), rarely lytic therapy in the setting of
an acute event, and most commonly, invasive evaluation for
determination of the severity of CAD and potential options
for revascularization. Accurate diagnosis is the primary step
for appropriate therapeutic choice [8].

Parameters used for diagnosis of CAD are categorized in-
to suggestive and definite diagnostic tools; the former in-
cludes primary clinical diagnostic measures, such as clinical
symptoms and signs, new changes on electrocardiogram
(ECG), and serum biomarkers, by which acute myocardial
infarction (AMI) can be promptly suspected. Several tree
models have been suggested to increase a better estimation
of these parameters [9, 10]. More importantly, definite
measures to determine the luminal proportion of stenosis are
of great importance, according to which the therapeutic ap-
proach can be chosen [11]. There are different diagnostic
modalities to estimate the degree of stenosis, including inva-
sive coronary angiography (ICA) as well as noninvasive
imaging techniques such as cardiac computed tomography
(CT), positron emission tomography (PET), hybrid PET/CT,
and conventional single-photon emission CT (SPECT) [12].
The fractional flow reserve (FFR) is defined as the discrep-
ancy of the coronary artery pressure between the proximal
and distal sites to a significant stenotic lesion in the presence
of pharmacologic vasodilatation [13]. FFR is the most accu-
rate diagnostic measure to determine the need for revascular-
ization in hemodynamically significant coronary artery le-
sions. The FFR is traditionally calculated by using a pres-
sure wire through invasive coronary angiography; however,
later on, it is evaluated through invasive coronary angi-
ography-derived fractional flow Reserve(ICA-FFR) without
the need for passing the pressure wire [14]. Considering the
invasive nature of ICA-FFR new methods for evaluating the
discrepancy between anatomical and functional behavior of
significant coronary lesions were established, such as the
noninvasive CT-derived fractional flow reserve (CT-FFR)
[15]. As the accuracy of diagnostic tools is changing each
day with the advance in technology, it is required to update
the literature in this regard; therefore, in the present review,
we aimed to identify the risks and benefits of the conven-
tional invasive coronary angiography-derived fractional flow
Reserve(ICA-FFR) versus coronary computed tomography
angiography (CCTA) derived fractional flow reserve (FFR)
(CCTA-FFR) measurement, to determine if a change in clin-
ical practice is warranted.
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2. CONVENTIONAL INVASIVE CORONARY ANGI-
OGRAPHY (ICA)) PERCUTANEOUS CORONARY
INTERVENTION

ICA, introduced in 1958, was one of the main accom-
plishments in cardiology. It has been used as the standard
and conventional diagnostic method of CAD ever since be-
cause of the reproducible visualization of CAD and it’s se-
verity on angiographic images obtained during direct injec-
tion of contrast agent into the coronary arteries [16]. To the
growing evidence from the physicians’ observations, several
changes have been made to the initial ICA, including obtain-
ing digital images, reducing the contrast volume and the
number of wires used, and developing quantitative meas-
urements, which have resulted in more accurate images,
fewer complications, higher success rates, and reduced pro-
cedural time [16, 17].

Another important advantage of ICA is the capability of
simultaneous percutaneous coronary intervention (PCI),
which has shown high success rates (above 95%) [18]. PCI
has also shown promising results in patients with chronic
total occlusion compared to medical therapy alone [19-21].
Early ICA has also reduced all-cause and cardiac mortality
in patients with acute coronary events [22]. Comparing the
results of PCI with coronary artery bypass grafting (CABG)
has shown PCI (using drug-eluting stents) as safe and effec-
tive as CABG in patients with left main coronary artery dis-
ease at low surgical risk with lower rates of repeated revas-
cularization required after CABG [23, 24]; however, CABG
is considered the treatment of choice in patients with mul-
tivessel coronary artery disease with higher survival, lower
major cardiovascular events (MACE), and repeated revascu-
larization rate [25, 26]. Moreover, the success rate of pa-
tients’ revascularization using PCI depends on several fac-
tors, such as the CAD’s type and severity, as well as the type
of technique, instrument, and drugs used during and after the
PCI [27].

On the one hand, numerous benefits have been proposed
for ICA and PCI, making them the gold standard for diagno-
sis and method of choice in the management of most patients
with CAD; but after half a century after being introduced,
several consequential limitations have been noted [28], such
as the fact that ICA is a laminography technique and might
miss tubular lesions [29]. Another critical limitation of ICA
includes the inter-and intra-observer bias because of differ-
ent interpretations of coronary angiograms that cannot be
altered because of the nature of this method [30]. A further
limitation of ICA is related to the remarkable influence of
factors affecting the flow dynamics of a vessel, other than its
point narrowing, as well as the fact that the decision of re-
vascularization should not only be based on the angiographic
severity but also the hemodynamic significance of the lesion
[31]. For this reason, FFR measurement has been suggested
as a functional measurement of stenosis severity, which sub-
verts the limitation of ICA in the pure anatomic assessment
of stenosis severity [32].

3. INVASIVE CORONARY ANGIOGRAPHY DE-
RIVED FRACTIONAL FLOW RESERVE (ICA-FFR)

Measurement of ICA-FFR was introduced in 1993 by
Pijles and colleagues, based on the concept of coronary flow
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reserve about two decades earlier, as the ratio of distal intra-
coronary pressure to aortic pressure during maximum hyper-
emia and minimum microvascular resistance induced by
dilator drugs [33]. Later, introducing a floppy-tipped guide-
wire with a pressure sensor added resistance to trans-stenotic
flow and facilitated this measurement [34]. The pressure
wire—derived FFR became widely used after that, owing to
its independence from the baseline flow and relative simplic-
ity and cost-effectiveness for treatment decision-making
compared with ICA [35-37]. However, some have suggested
the higher [38] or comparable [39] diagnostic accuracy of
ICA-FFR, compared with wire-based, which unnecessarily
imposes the patients to the wire pressure. In this method,
coronary stenosis is measured by the reduction of perfusion
pressure induced by the viscous and expansion losses of the
narrowed vessel, calculated by the Poiseuille’s law and Ber-
noulli’s equation, and reported by the fraction from the nor-
mal value of 1.0 in every patient and every vessel [40].
Poiseuille’s law shows that the coronary flow equals the
difference between baseline and maximum perfusion pres-
sure divided by the capillary hemodynamic resistance:
(P2-P1)r x r(radius)’/8 x n(viscosity) x I(length) [41]. Ber-
noulli’s equation also calculates the pressure gradient (Ap)
by the sum OfA Pconvectivea A Pconstrictiona A Pdiffusivea and AP
expansion [42]

Several benefits have been considered for FFR. First, it
can discriminate between patients with flow-limiting CAD,
requiring coronary revascularization, and patients without,
who benefit most from medical therapy [37, 43]. A large-
scale study showed that the use of FFR could change the
management of 43% of patients compared with pure ICA
assessment [44]. Furthermore, the measurement of FFR dur-
ing maximum hyperemia is unaffected by the patient’s he-
modynamics, including heart rate and blood pressure, mak-
ing ICA-FFR a highly reproducible assessment method [45].
Also, as both antegrade and collateral flow are considered in
the distal pressure, the collateral blood supply is taken into
account during FFR measurement [46]. The initial study on
FFR suggested values <0.75 for the diagnosis of inducible
ischemia (with a specificity of 100%) and values above 0.80
for its ruling out (with a sensitivity of 90%) (33), while val-
ues <0.80 are currently considered significant obstruction
requiring revascularization [47]. Therefore, the lesion’s se-
verity significantly affects the diagnostic accuracy of FFR,
as clinical justification is difficult and controversial within
the “grey zone” of FFR, between 0.75 and 0.85, in cases
with intermediate lesions [48]. Therefore, it is suggested to
reconsider the FFR cut-off used for the treatment decision
based on the complexity of the coronary lesion [49].

Although several trials, including FAME, DEFER, and
PRIME trials, have reported favorable results considering
the clinical outcome for the decision of revascularization
based on FFR [50], this measurement has several limitations
[51, 52]. An important limitation of this measurement, be-
sides the points mentioned earlier, such as the operator-
dependent variability of its diagnostic accuracy [53], is relat-
ed to the factors that influence FFR, such as hyperemic mi-
crovascular resistance, the size of perfusion territory, mini-
mal lumen diameter, and lesion length, which can all influ-
ence FFR [51, 52]. Low perfusion pressures and hemody-
namic factors, like tachycardia, can affect microvascular
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resistance, decreasing diastolic duration. Because of the
reduced arteriolar caliber induced by reduced distending
pressure, there is a non-linear relationship between coronary
pressure and flow that violates the main assumption of the
FFR test. To mitigate this limitation, it has been suggested to
consider coronary flow reserve (CFR) and the index of mi-
crovascular resistance during this procedure, as well [54,
55]. Researchers also tried to develop other software and
computational models to estimate the fluid dynamics, such
as reduced-order and steady-state models, which reduced the
consumed time. Still, these models showed limited diagnos-
tic values [56, 57]. In addition to the limitations, ICA-FFR
has several risks due to the invasive nature of the procedure,
including local vascular injury, AMI, cholesterol emboli,
conduction disturbances, cerebrovascular complications,
nephropathy, dissection/perforation of great vessels and cor-
onary artery, and death [28].

Considering the limitations, risks, and complications of
ICA-FFR, several imaging techniques have been suggested
for non-invasive assessment of CAD, including coronary
ultrasound, nuclear myocardial perfusion imaging using sin-
gle-photon emission computed tomography, contrast- and
stress-induced magnetic resonance imaging (MRI); however,
each of the proposed methods has its limitations and disad-
vantages, considered beneficiary only in a specific subgroup
of patients, and not comparable to ICA-FFR [58, 59]. Never-
theless, recent evidence has suggested CCTA-FFR as an
appropriate non-invasive tool for quantified assessment of
coronary stenosis with higher diagnostic accuracy for vessel-
specific ischemia, compared with other non-invasive meth-
ods [60], with the capability to provide vessel-specific ana-
tomic information, despite other non-invasive methods [61].
However, it has not yet replaced ICA in the clinical setting.

4. CORONARY COMPUTED TOMOGRAPHY ANGI-
OGRAPHY (CCTA)

Since the introduction of the 16-detector row CCTA in
2005, a growing literature has been dedicated to the diagnos-
tic accuracy of this test. Early trials suggested a high diag-
nostic accuracy for detection of >70% stenosis by CCTA in
low-risk patients (without known CAD) [62-64], as well as a
high negative predictive value (NPV) for CCTA (95% in
general; 93% per-lesion NPV and 97% per-patient NPV) that
suggest CCTA as an appropriate alternative to ICA [65, 66].
Furthermore, CCTA has the advantage of plaque identifica-
tion over ICA, although lower specificity rates have been
reported for myocardial ischemia [67]. One of the differ-
ences among the studies is attributed to the alterations in
techniques and radiation doses used for CCTA over the
years. Although CCTA has shown better diagnostic accuracy
and prognostic outcomes vs. other non-invasive imaging
modalities [59], it has the limitation of not considering the
hemodynamic significance of the lesion, just like ICA, as far
as the anatomical indices are only measured during CCTA
for estimating CAD severity, including the luminal diameter
stenosis, area stenosis, minimum lumen diameter, and mini-
mum lumen area [31]. Accordingly, several methods have
been suggested to overcome these limitations, such as dual-
layer spectral detectors [68] and static and dynamic CT my-
ocardial perfusion imaging techniques, which evaluate myo-
cardial contrast material uptake. Still, they have been re-

16



Time to Move Towards Coronary Computed Tomography

stricted to the studied centers because of the high radiation
dose and performance difficulty [69]. Additional analyses,
such as transluminal attenuation gradient and corrected mod-
els of coronary opacification, could also not overcome this
limitation of CCTA, as well, because of the several factors
that influence image quality and the time-consuming nature
of these methods [70]. The fractional myocardial mass has
been used only in the preliminary study and has not been
validated yet [71]. A recent study in the United Kingdom
also shows that performing CCTA in patients with recent-
onset chest pain could omit the need for further investigation
in most patients. The ICA is still used in almost half of such
cases currently as part of management, with no resulting
revascularization [72], which suggests moving from ICA to
CCTA as a safer and more viable alternative. CCTA-FFR is
the novel method introduced for the anatomic-functional mis-
matched measurements of CCTA without additional imaging or
medications required, which has several advantages over ICA
and, thus the potential of replacing ICA in the future.

5. CORONARY COMPUTERIZED TOMOGRAPHY
ANGIOGRAPHY-DERIVED FFR (CCTA-FFR)

The preliminary studies on CCTA-FFR confirmed the
high diagnostic accuracy of this measurement, although they
were performed with insufficient image qualities [73, 74]. In
2013, Taylor and colleagues developed CCTA-FFR by
three-dimensional modeling using semi-automatic coronary
segmentation algorithms by a single low-dose scan [75]. For
this purpose, the anatomic model of the patient’s aortic and
epicardial coronary arteries is created, and maximal hypere-
mia is simulated using the complex Navier-Stokes equations
to calculate FFR, considering blood as an incompressible
Newtonian fluid with a constant viscosity within the coro-
nary arteries [75]. Based on the review of studies, the most
common formulation is:

p(;—u+ pwuNVu)+Vp-2uVe(u)=0
t

where “u” is calculated based on the rigid domain (Q1) x
velocity, “p” by Q1 x the pressure, and “e (u)” by the strain
rate tensor [76].

The only US Food and Drug Administration-approved pro-
cess to utilize this technology is HeartFlow (Redwood City,
CA, USA), which takes data received from CCTA and utilizes
its propriety algorithm to provide complete CCTA-FFR. Re-
cently, machine learning approaches have been suggested that
use a multilayer neural network architecture from an extensive
database of coronary anatomies and hemodynamic conditions,
which showed a sensitivity of 81%, a specificity of 84%, and
an accuracy of 83% in the early study with a significant de-
crease in the computation time [77].

6. DIAGNOSTIC ACCURACY OF CCTA-FFR VS.
CCTA AND ICA-FFR

Although the ICA-FFR is the gold standard for the selec-
tion of patients for revascularization in cases of discrepancy
between anatomical findings and patients’ symptoms, recent
studies revealed a high accuracy of CCTA-FFR in this con-
dition [78-80]. Several clinical trials and meta-analyses of
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studies have estimated the diagnostic accuracy of CCTA-
FFR vs. CCTA and ICA-FFR. The first version of CCTA-
FFR was performed by Koo and colleagues in 2011, the
DISCOVER-FLOW study (Diagnosis of Ischemia-Causing
Stenoses Obtained via Non-invasive Fractional Flow Re-
serve), on 159 vessels in 103 patients with known or sus-
pected CAD that showed a sensitivity of 91.4% and specific-
ity of 39.6% with a diagnostic accuracy of 58.5% for CCTA-
FFR and confirmed the improved specificity and diagnostic
accuracy of CCTA-FFR over CCTA alone [73]. The second
trial, DeFACTO (Determination of Fractional Flow Reserve
by Anatomic Computed Tomographic Angiography), was a
multicentral study on 407 vessels in 252 patients with known
or suspected CAD that used the second-generation CCTA-
FFR algorithm (version 1.2) and confirmed the higher diag-
nostic accuracy, sensitivity and NPV of CCTA-FFR in the
diagnosis of ischemia in lesions with intermediate stenosis
severity, compared with CCTA (74). Min and co-workers
also reported that although the per-patient diagnostic accura-
cy of CCTA-FFR did not reach the prespecified goal, it im-
proved the diagnosis of hemodynamically significant ob-
structive CAD compared with CCTA alone [81]. The low
image quality and other technical/methodological shortcom-
ings were other concerns in the two initial trials. Therefore,
further studies focused on automated image processing
methods to better identify boundaries and use physiological
models for microvasculature resistance to achieve more ac-
curate results. The following version mandated nitroglycer-
ine and B -blockers and minimized image noise [31]. The
subsequent trial, the NXT trial (Analysis of Coronary Blood
Flow Using CT Angiography: Next Steps), a multicentral
study on 484 vessels in 254 patients, showed higher per-
patient and per-vessel specificity and positive predictive
value (PPV) compared with ICA with lower sensitivity rates
[82]. These three clinical trials used 64-sectioned CT. Other
single-center studies, which used either 64- or 128-sectioned
CT on a sample size <100 patients, also confirmed the high-
er specificity and PPV of CCTA-FFR than ICA [66, 83].

Meta-analysis studies have also evaluated the diagnostic
accuracy of CCTA-FFR by pooled analysis. In 2015, Gonza-
les and colleagues reported per-patient specificity of 72%
and PPV of 70% for CCTA-FFR, which was higher than
that of CCTA( 43% and 56%, respectively) without differ-
ence in sensitivity rates (94% vs. 92%, respectively). There
were also no differences in sensitivity and specificity be-
tween CCTA and CCTA-FFR in the per-vessel study [84].
Although per-vessel diagnostic accuracy rates are a bit lower
than per-patient rates, the superiority of CCTA-FFR wvs.
CCTA is maintained [84].

In another meta-analysis of five studies in 2015 on 706
patients and 1165 vessels, per-patient sensitivity and speci-
ficity of CCTA-FFR were reported at 90% and 72%, and
per-lesion rates at 83% and 78%, respectively [85]. In 2018,
Agashti and others performed a meta-analysis of 17 studies
(1294 patients and 2194 vessels). They reported per-patient
sensitivity and specificity of CCTA-FFR at 83% and 72%,
respectively, and per-vessel rates at 85% and 76%, respec-
tively [86]. The difference in diagnostic accuracy rates of the
studies can be related to the different inclusion criteria for
selecting studies, as single-center studies are predisposed to
selection bias. The pooled analysis (of five studies, 908 ves-
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sels, 536 patients) by Cook and colleagues showed that the
cut-off considered for CCTA-FFR also affects the reported
diagnostic accuracy; as reported, the overall diagnostic accu-
racy of 82% was obtained by CCTA-FFR values between
0.63 and 0.83, while values <0.53 showed a diagnostic accu-
racy of 95% and values >0.93 a diagnostic accuracy of 98%
[87]. Diagnostic accuracy of 100% was reported by other
researchers for CCTA-FFR values <0.7, while it decreased
to 73% in values >0.8 [88]. Liu et al. used a machine learn-
ing algorithm for CCTA-FFR as an alternative to diagnostic
ICA for selecting the proper candidates for revascularization.
CCTA-FFR learning algorithm Using the cut-off value of
0.80 resulted in 72% prevention of unnecessary ICA per-
formed within two years in patients with >50% stenosis [89].

There are also some limitations for CCTA-FFR, includ-
ing the lower diagnostic accuracy of this tool in intermediate
lesions [90, 91] and a high rate of false-positive in terminal
vessels [92]. Still, the superiority of CCTA-FFR vs. CCTA
alone has also been confirmed in intermediate lesions [93]
and distal-to-the-lesion sites [92]. The impact of calcification
has also been considered in the subgroup analysis of the
NXT trial, indicating lower diagnostic accuracy rates in pa-
tients with calcified lesions (Agatston scores of 416-3599)
[94]. Advanced technology, such as dual-energy CT and
calcium removal by material decomposition imaging, has
been suggested for increased diagnostic accuracy of calcified
arteries [95]. Therefore, the effect of other complex lesions
on the diagnostic accuracy of CCTA-FFR requires more
studies. Some have also suggested further computational
methods, such as AccuFFR-CCTA, to increase the diagnos-
tic accuracy of this test and omit the risk of invasive tests
[96]. However, this method can also not eliminate the limita-
tions mentioned above.

7. CLINICAL IMPLICATION OF CCTA-FFR VS. ICA-
FFR

The decision of treatment (revascularization or medical
therapy) is the imaging method's main goal. Therefore, be-
sides the diagnostic accuracy, it must be determined whether
CCTA-FFR is an appropriate tool for this decision. Based on
the results of the PROMISE (PROspective Multicenter Im-
aging Study for Evaluation of Chest Pain) trial on patients
who were referred with stable chest pain within 90 days after
CCTA, diagnosis of severe stenosis and ischemia by FFR
values <0.8 was reported as a better predictor of revasculari-
zation and MACE, compared with ICA and superior to CTA
alone, and resulted in 44% decrease in ICA, showing no ob-
structive CAD (less than 50% stenosis), which suggests
CCTA-FFR as a gatekeeper for an efficient referral to ICA
[97]. Also, in the PLATFORM trial (Prospective Longitudi-
nal Trial of FFRCT: Outcome and Resource Impacts), ob-
servation of obstructive CAD on ICA within 90 days after
CCTA showed no difference in MACE and CCTA-FFR re-
sulted in the cancellation of ICA in 61% of patients [98].
Others have also confirmed that utilization of CCTA-FFR
reduces the need for ICA and, thus, its complications [99].
The study by Curzen and colleagues showed a change in the
treatment strategy of 36% of patients by CCTA-FFR, 18%
decreased vessel revascularization and 5% PCI, and 23%
change in the optimal medical therapy; the main factor for
this change was the differences between the severity of the
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lesion assessed by CCTA and CCTA-FFR [100]. Kim and
colleagues used a virtual coronary stenting computational
model in 44 patients (48 lesions). The lesions were measured
before and after the intervention using CCTA-FFR; the re-
sults showed minor differences in FFR derived from ICA
and CCTA before and after the intervention, with the excel-
lent agreement [101]. Furthermore, in patients with stable
angina, CCTA-FFR reduced the use of ICA, although it did
not improve the clinical outcomes compared with standard
clinical care [102]. Also, in candidates for transthoracic aor-
tic valve replacement, CCTA-FFR could predict MACE
[103]. Therefore, CCTA-FFR has been considered an appro-
priate tool for identifying the correct target lesion and opti-
mal stent size. However, further investigations are required
to determine the safety and feasibility of applying non-
invasive methods solely in real-world clinical practice.

In a pilot study, five cardiac surgeons were randomized
to decide the treatment plan of 20 patients based on either
CCTA or ICA, considering FFR used for calculation of
SYNTAX score (by subtracting non-flow limiting stenoses
(CCTA-FFR >0.80) from the CCTA-derived anatomical
SYNTAX score). The results showed excellent agreement on
the number of bypass grafts required (correlation coefficient
of 0.77) [104]. Further, the randomization of heart teams,
including a cardiac surgeon and radiologist, to decide the
treatment of patients with de novo three-vessel or left main
coronary stenosis for PCI or CABG based on either CCTA-
FFR or ICA confirmed a high agreement between the two
methods (Cohen’s kappa 0.82), 80% on revascularization
strategy, while the use of this novel tool could change the
treatment plan in 7% of patients with the multi-vessel dis-
ease (from 92.2% to 78.8%) [105]. In another study, Andrei-
ni and co-workers evaluated the effect of CCTA-FFR on the
treatment decision of patients (either PCI or CABQG), decided
by two heart teams based on CCTA or ICA-FFR (randomly
assigned). The results showed changed treatment by CCTA-
FFR in 7% of patients, vessel selection for revascularization
in 12%, and reclassification from intermediate and high to
low SYNTAX score tertile in 14% of patients [106].

The first study that addressed the safety and feasibility of
using CCTA-FFR alone for treatment decision-making was
the FASTTRACK CABG trial (2020), which evaluated the
use of CCTA-FFR for planning surgical revascularization in
patients with complex coronary artery disease; the surgeons
reported that this modality was safely applicable for man-
agement of patients without ICA in 84% of cases [107]. In
addition to the confirmed usefulness of CCTA-FFR in diag-
nosing and managing CAD, compared with ICA-FFR [108],
other advantages have also been elaborated for this novel
method, including reduced cost and improved patients’ qual-
ity of life [109, 110]. Nevertheless, this method is also not
exempt from limitations, elaborated further below.

8. LIMITATIONS OF CCTA-FFR

Several limitations have been pointed out for CCTA-
FFR, which result from the post-processing calculation of
the score, as well as lack of global access to its calculation.
In addition, CCTA-FFR is also affected by the limitations of
CT imaging, such as image quality, artifacts, misalignment,
motion artifact, beam hardening, and image noise, which

18
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have been minimized by the recent suggestion of adminis-
trating medications during the procedure to reduce heart rate
and heart rate variability (B-blockers) and dilate the coronary
arteries (sublingual nitroglycerin), as well as the suggestion
of more advanced scanners [95, 111]. Furthermore, there are
inherent limitations related to the FFR calculation, such as
cases with intermediate lesions, calcification, non-ischemia-
related lesions, and other complex coronary lesions. Other
limitations include the different responses of microcircula-
tion to vasodilators and physiological conditions affecting
fluid density and viscosity among patients, compromising
the accuracy of the results of CCTA-FFR. There are also
several conditions, the effects of which have not been identi-
fied on FFR, such as severe anemia and reduced blood vis-
cosity; hence further studies are required under these condi-
tions.

CONCLUSION

Although some of the limitations of ICA have been miti-
gated by ICA-FFR measurement, this gold standard diagnos-
tic test for CAD still has several drawbacks. CCTA-FFR is a
novel approach to the assessment of CAD lesions. The pre-
vious studies have provided positive results for its high di-
agnostic accuracy, including higher specificity and PPV,
which suggests CCTA-FFR may be a superior diagnostic
modality to ICA-FFR (with similar sensitivity rates). Clini-
cal outcomes using this innovative tool could result in more
appropriate treatment decisions and decreased need for ICA-
FFR, thus reducing the risks associated with the invasive
procedure. Based on the present review, we suggest CCTA-
FFR as an effective and accurate diagnostic tool; however, it
has its limitations, as outlined. Despite promising data that
has been provided in this review, there remains insufficient
evidence, due to the lack of large randomized clinical trials,
to conclude whether this novel non-invasive method, CCTA-
FFR, can replace the ICA-FFR in the management of pa-
tients with suspected CAD. Further studies are warranted to
assess the safety and feasibility of planning coronary artery
revascularization solely based on CCTA-FFR.
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