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Current diagnostics of suspected coronary artery dis-
ease (CAD) significantly relies on coronary angiography. 
The traditional, invasive diagnostics is recommended 
in patients with high, but non-invasive coronary com-
puted tomography angiography (CTA) in patients with 
intermediate pre-test probability of significant CAD [1]. 
Basically, the angiography is designed to reflect the an-
atomical status of the coronary artery lumen, especially 
concentrating on the presence and the degree of steno-
sis. Both anatomic methods of examination suffer from 
poor correlation with outcomes of functional testing for 
ischemia. Notably, invasive angiography is not superior 
in this respect to coronary CTA [2]. There is a consensus, 
reflected in the ESC guidelines, that stenoses above 90% 
are significant, i.e. allegedly cause ischemia, and those 
less than 50% are harmless. What lies between these 
thresholds, however, is called intermediate stenosis, and 
usually requires further functional evaluation prior to the 
potential intervention. 

Given the indications for coronary CTA, relatively fre-
quent diagnosis of intermediate coronary stenosis (50–
90%) in a patient with intermediate probability of CAD, 
borderline symptoms or an equivocal functional test is 
particularly perplexing. On the other hand, patients with 
indications for invasive angiography should have typical 
symptoms, or confirmed ischemia, which limits the num-
ber of functionally ambiguous stenoses in this group. The 
lack of conclusive diagnosis in a  significant number of 
patients with intermediate stenosis poses a serious lim-
itation of coronary CTA, as it leads to further functional 
testing. Therefore, any additional information derived 
from the CTA datasets, which would confidently limit the 
grey zone of borderline stenoses, is desirable. 

A  gold standard for management of intermediate 
coronary stenoses in the catheterization laboratory com-

prises measurement of fractional flow reserve (FFR). 
Its appeal is based on diagnostic straightforwardness 
and perceived conceptual simplicity, providing a  quick 
and concrete solution to the problem. The unequivocal 
threshold of ≤ 0.80 confirmed in randomized trials and 
endorsed by guidelines provides assurance to the opera-
tors. The first mention about potential application of the 
FFR concept to coronary CTA datasets can be traced back 
to the beginning of the twenty-first century. The main 
methodological barriers for simulation of the trans-le-
sional gradient was a difficulty in establishing how much 
blood flowed in and out of the specific branches of coro-
nary arteries (so-called boundary conditions for the flow 
models), the requirement for huge amounts of comput-
ing power, and borderline resolution of CTA, especially 
in the presence of calcifications [3]. According to basic 
equations of fluid mechanics, the pressure loss across 
the stenosis is very sensitive to minimum lumen area 
(quadratic function); therefore, even small inaccuracies 
in coronary lumen delineation could lead to significant 
errors. Continuous hardware and software technological 
development led to improved coronary CTA resolution 
(0.3–0.5 mm), diminishing the impact of calcifications, 
and increasing available computational power. The start-
up company HeartFlow Inc. was the first to successfully 
marry the advanced imaging and computational flu-
id dynamics technologies, and in 2010 presented the 
first results of CTA-based FFR calculations performed in 
a clinical environment. The accuracy of CTA-FFR, accord-
ing to the DISCOVER-FLOW study, was decent at 84%, 
and significantly better than the criterion based on the 
50% angiographic stenosis threshold (59%) [4]. The next 
study (Determination of Fractional Flow Reserve by Ana-
tomic Computed Tomographic Angiography – DeFACTO) 
showed even worse reclassification power of CTA-FFR 
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than the previous study at 73%; importantly, only 9% 
more patients were reclassified correctly as compared to 
the angiographic criterion of 50% stenosis [5]. Parallel to 
improved calculation algorithms, the diagnostic accura-
cy of the model improved in the NXT trial, reaching 86% 
[3]. However, the relatively high accuracy did not trans-
late into much improved reclassification over the angio-
graphic criterion of 50% (21% of patients), suggesting 
that at least partially the high accuracy was secondary to 
extreme (either severe or obviously non-significant) an-
giographic characteristics of the stenoses. In the mean-
time, the second CTA-based prototype FFR system was 
reported (Siemens A.G.); its accuracy was comparable to 
the competitor’s method [6]. The overall positive results 
of the studies, and the bulk of evidence, led to FDA ap-
proval of the Heartflow Inc. method, allowing its clinical 
use. The current paper of Dai et al. reports the outcomes 
of another, in-house engineered CTA-based FFR system, 
with outstanding sensitivity and specificity at 85% and 
93% respectively, numerically better than that of either 
Heartflow’s or Siemens’. The reported high accuracy 
must be treated cautiously due to methodological inferi-
ority including single-center design, moderate number of 
patients, non-consecutive cohort, single vessel disease 
and lack of validation on an independent cohort [7]. It 
must be noted that despite a similar basic concept, each 
of the CTA-FFR simulations is based on individual, pro-
prietary algorithms, comprising different methods and 
therefore requiring independent validation.

Along with FDA approval of the first CTA-FFR system, 
it may seem that it is ripe for use in the clinical environ-
ment. However, there are several issues to be addressed 
before the method is widely implemented. First of all, the 
practical elegance of the reference, invasive FFR itself is 
misleading, as it has serious limitations. The measure-
ment repeatability of a  single FFR result is > 95% only 
outside the gray zone of 0.75–0.85, and closer to its cut-
off the certainty falls, to less than 80% within 0.77 to 
0.83, and a nadir of 50% around the 0.8 threshold [8]. 
A further dent in the value of invasive FFR is inflicted by 
outcomes of the RIPCORD (Does Routine Pressure Wire 
Assessment Influence Management Strategy at Coronary 
Angiography for Diagnosis of Chest Pain) study, where 
even 13% of mild (0–30%) stenoses had FFR ≤ 0.8, and 
the same 33% proportion of significant FFR was reported 
for both 31–50% and 51–70% stenoses, and for only 53% 
of stenoses above 70% [9].

Current literature referring to the simulated CTA-FFR,  
including the post-marketing PLATFORM study of  
Heartflow Inc., seems to ignore the fact that CTA-FFR is 
not homologous to invasive FFR, and postulates use of the  
≤ 0.80 threshold to make clinical decisions based on the 
CTA-FFR [3–5]. However, given limits of agreement at 
around 20%, and an average accuracy of the simulated 
FFR at around 80% respective to the reference method 

with 80% repeatability itself in the range of 0.75–0.85, 
the postulated clear-cut threshold seems to be a miscon-
ception, as it may lead to erroneous qualifications in near-
ly 50% of borderline FFR cases. A partial solution to the 
problem may be optimization of the diagnostic accuracy 
parameters of the specific CTA-FFR, by defining the indi-
vidual cut-off for each method, as proposed by Dai et al.  
in Advances in Interventional Cardiology [7]. However, 
given the simulated FFR relatively wide limits of agree-
ment, the relevant question is rather: “What proportion 
of patients can be confidently diagnosed with the specif-
ic CTA-FFR?” Our previous analysis of prototype CTA-FFR 
showed that the method was able to confidently (both 
positive and negative predictive values ≥ 90%) diagnose 
around half of the lesions displaying intermediate steno-
sis (50–90% on CTA), using the threshold of either > 0.87 
or < 0.74 for respectively nonsignificant or significant ste-
nosis [10]. These results seem to discourage use of the 
single thresholds for the clinical application of CTA-FFR, 
unless both negative and positive predictive values are 
sufficiently high for the single point. Although this ap-
proach proved inconclusive for around 50% of patients 
with intermediate stenosis on CTA, it brought a relatively 
confident diagnosis for the remainder. 

CTA-based FFR currently remains a diagnostic meth-
od under development, but its huge potential is already 
emerging. Although it is unknown how it will ultimately 
be applied in the clinical environment, even under cur-
rent technology it may provide a diagnostic “one-stop-
shop” for around 50% of patients, who currently are 
referred for further testing due to intermediate stenosis 
on CTA. Future developments in both image quality and 
computational fluid dynamics algorithms will likely im-
prove CTA-FFR accuracy, with fewer patients left in the 
“waiting room” of the gray diagnostic zone. 
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