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Coronary computed tomography angiography (CCTA) is a non-invasive diagnostic tool
that is increasingly being used as an alternative to invasive coronary angiography
(ICA) in patients with suspected coronary artery disease (CAD), providing important
information on the extent and severity of CAD. Furthermore, stress CT myocardial
perfusion imaging (CT-MPI) and fractional flow reserve derived from CCTA (CT-FFR)

SRR have been recently introduced in clinical practice as new tools for evaluating the
LAl Tl functional relevance of coronary stenoses. ICA has been the preferred diagnostic
SN method to guide the decision-making process between coronary artery bypass
:f;:t?:;y artery bypass grafting (CABG) and percutaneous coronary intervention (PCl). Recently, two studies

have investigated the feasibility of using CCTA rather than ICA to plan CABG. In
patients with three-vessel disease and/or left main CAD, the SYNTAX Ill REVOLUTION
trial concluded that clinical decision-making between CABG and PCl using CCTA had
a high level of agreement with treatment decisions based on ICA. In the FASTTRACK
study, CABG procedures were planned based on CCTA without knowledge of ICA.
CABG guided by CCTA showed to be feasible with an acceptable safety profile in a
selected population of complex CAD. These intriguing findings should be confirmed
in a large randomized trial on the revascularization outcome by comparing patients
who underwent a novel non-invasive vs. a traditional invasive roadmap.

To diagnose obstructive coronary artery disease (CAD)
and consequently determine appropriate treatment is
not a trivial task. Invasive coronary angiography (ICA) is
considered the reference standard, particularly when
combined with haemodynamic interrogation by fractional
flow reserve (FFR). This effective invasive procedure,
however, carries inherent risks of potential serious
complications and is accompanied by considerable
costs, relatively high radiation exposure, and patient
discomfort. Furthermore, this strategy has not been
without challenges since a substantial percentage of
patients (~60%) who are referred for angiography have no
haemodynamically significant coronary artery stenosis. "

Over the past 20 years, coronary computed tomography
angiography (CCTA) has undergone rapid growth from a
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technique that can estimate the amount and severity
of CAD,>> to a test that provides important prognostic
information and has a direct impact on subsequent
patient management decisions.*> Moreover, as the yield
of ICA to detect CAD is low, CCTA has become a
gatekeeper to the catheterization laboratory as a
negative CTA of sufficient quality virtually rules out
obstructive CAD and significantly reduces unnecessary
invasive procedures. Consequently, 2024 ESC guidelines
for the diagnosis and management of chronic coronary
syndromes now include coronary CTA among the routine
testing options for evaluating patients with stable chest
pain® when there is a low-to-moderate (>5-50%) pre-test
likelihood of obstructive CAD (Class |/Level of Evidence: A).

CCTA is also increasingly being used as an alternative to
ICA to potentially improve outcomes in patients with CAD
independent from their revascularization needs. In the
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recent Diagnostic Imaging Strategies for Patients with
Stable Chest Pain and Intermediate Risk of Coronary
Artery Disease (DISCHARGE) trial” that randomized 3561
patients with stable chest pain and intermediate pre-test
probability of obstructive CAD to CCTA or ICA as the initial
diagnostic test, the risk of major procedure-related
complications was significantly lower in patients
undergoing CCTA (0.5 vs. 1.9%, hazard ratio 0.26, 95% CI
0.13-0.55). Furthermore, stress CT myocardial perfusion
imaging (CT-MPI) and fractional flow reserve derived from
CCTA (CT-FFR) have been recently introduced in clinical
practice as new tools for evaluating the functional
relevance of coronary stenoses, with the possibility to
overcome the main CCTA drawback, i.e. anatomical
assessment only.®® Finally, with its three-dimensional
nature and physiological assessment, CCTA allows also to
accurately assess Syntax Score and Syntax Score |l
enhancing the potential role of CCTA in Heart Team
discussion for decision-making regarding the mode of
revascularization (PCI or CABG) for patients with complex
disease.™®

Building on this evidence, attention has turned towards
combining anatomy and physiology not only to guide
decisions regarding ICA but also to help revascularization
planning. This new paradigm is supported by the unique
opportunity of having anatomy and lesion-specific
physiology, a combined information that is not provided
by other non-invasive imaging modalities.'" This concept
has been tested in two recent, elegant and relevant trials.

The Syntax Ill Revolution trial

The potential role of CCTA in Heart Team discussion for
decision-making between PCl and coronary artery bypass
(CABG) was investigated in the Syntax Il Revolution
trial, which enrolled patients known for having
three-vessel disease (VD) with or without left main (LM)
disease diagnosed by ICA. The agreement on treatment
decision (surgery or PCl) of two heart teams was
measured. The heart teams received, in order to make
their decision, either a conventional ICA or CCTA of
cases with 3VD with or without LM disease.'? The
decision-making of ‘CABG only’, ‘PCl only’, or ‘equipoise
CABG-PCI’ was concordant between the two heart teams
in 86% of the cases, with a Cohen’s kappa of 0.82,
qualifying the agreement as almost perfect according to
the statistical Cohen’s kappa categorization.'?

Of note, this randomized trial was virtual in nature since
the concordance or discordance in decision-making
between ICA and CCTA was unveiled to the operators
(surgeon or interventional cardiologist) prior to the final
definitive decision regarding percutaneous or surgical
revascularization. Nevertheless, it is worth mentioning
that vital prognosis at 5-year follow-up, using either ICA
or CCTA, was comparable.

Although these findings are encouraging, some concerns
remain on CCTA capability to be used for decision-making
in patients with a high calcific burden of the coronary
arteries, a frequent condition in complex and diffuse CAD,
particularly in elderly and diabetic patients. The issue was
addressed by a sub-analysis of the SYNTAX Il Revolution
trial.™ As expected, the sub-analysis showed that heavy
coronary calcifications moderately affect CCTA capability

to assess accurately the anatomical SYNTAX score, with a
significantly higher difference between the CCTA-derived
and |ICA-derived anatomical SYNTAX score. However,
despite the discrepancy in the anatomical SYNTAX score
assessment, agreement on the heart team treatment
decision did not differ in patients with (Cohen’s kappa
0.79) or without heavy calcifications (Cohen’s kappa 0.84).
Similarly, agreement on treatment planning, defined as
the coronary vessels to be revascularized, was high and
similar between the two groups of patients.™

The SYNTAX Ill Revolution study findings prompted the
hypothesis that CCTA might provide sufficient, or even
superior, information to ICA in planning and performing
CABG and raised the question if a cardiac surgeon might
be confident in using only the non-invasive coronary
information provided by CCTA to plan CABG. The
intriguing hypothesis was tested first in a theoretical
feasibility survey study among surgeons involved in the
Syntax IIl trial." Six surgeons reviewed 20 CCTA of 20
patients who underwent CABG performed previously by
them during the course of the SYNTAX Il trial. Each
surgeon had to declare for himself whether the planning
and the execution of surgery would be feasible. In 84% of
the cases, they declared that patients would be eligible
for surgery without prior conventional ICA.

The logical next step could have been to plan a trial
truly randomizing patients between CCTA and ICA in a
blinded fashion. However, for ethical reasons, an
intermediate step was felt to be mandatory, and this is
the essence of the FASTTRACK CABG trial: to assess the
feasibility and safety of using CCTA and FFRCT as
guidance for planning and performing CABG in patients
with 3VD and/or LM CAD."®

The FASTTRACK CABG trial

The study Safety and Feasibility Evaluation of Planning
and Execution of Surgical Revascularization Solely Based
on Coronary CTA and FFRCT in Patient with Complex
Coronary Artery Diseases (FASTTRACK CABG) is an
investigator-initiated, single-arm, multicentre, prospective,
proof-of-concept trial in patients with 3VD and/or LM CAD
referred for CABG to investigate the feasibility of using
CCTA rather than ICA to plan CABG in 114 patients with
chronic coronary syndrome at low surgical risk."” All
patients had previously undergone ICA and were referred to
CABG by a Heart Team. They subsequently underwent
CCTA, and a separate Heart Team blinded to the ICA was
provided only with the CCTA results to guide CABG planning.
The key finding of this first-in-human study is the 99.1%
feasibility (unblinding of the ICA occurred only in one case),
which was driven by the relatively good diagnostic
concordance between CCTA and ICA." The agreement in
revascularization planning between the angiography and
CCTA Heart Teams was 82.9% (a kappa of 0.58, 95% Cl 0.50-
0.66), and the agreement between the CCTA Heart Team
and the treatment received was 83.7% (a kappa of 0.61, 95%
Cl 0.53-0.68). At 30 days, the incidence of major adverse
cardiac and cerebrovascular events (for which the trial was
not powered) was 7.2%, and in the 102 patients who
received follow-up CCTA, anastomotic patency was 92.6%
(another outcome that was not powered). The mean
CCTA-anatomical SYNTAX score (aSS) 43.6 (15.3) was
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higher than the ICA-aSS 33.7 (12.5), which may relate on the
one hand to slightly different methodologies of assessment
of the ICA and CCTA scores and on the other hand to calcium
blooming artefact on CCTA causing lesion severity to be
overestimated, thereby increasing the number of stenoses
visually >50%.

These results suggest that CABG may be performed
without the need for ICA (although no conclusion of the
efficacy and safety of CCTA-based CABG can be drawn
from the study) and have the potential to change CABG
practice. Furthermore, using CCTA rather than ICA for
coronary visualization in patients with CAD may lead to a
wider adoption of the Heart Team approach and ultimately
benefit patients. Infact, these data increase the interest in
a planned revascularization approach and bolster the
Heart Team role for pre-procedural decision-making in a
way similar to that used for structural heart disease.

Although providing exceptionally interesting and
promising data, the study should only be seen as
hypothesis-generating, and several limitations must be
acknowledged.

First, the sample size (n=114) is too small to
extrapolate the results to the general population of
chronic coronary syndrome patients. The enrolled
patients represent only 12% of the total CABG population
at participating institutions during the study period, and
the baseline characteristics and the very low mean
Society of Thoracic Surgeons risk score (0.8, 95% Cl 0.68-
0.81) clearly show that this is a very low-risk population,
which is not representative of current practice.'®

Second, in this highly selected population, the
concordance between coronary angiography and CCTA is
only moderate, and there are a non-insignificant number
of patients in whom the CABG decision is different when
based on CCTA rather than on ICA.

Third, the participating surgeons were highly
experienced and dedicated to the research question,
and it remains to be demonstrated whether their
expertise can be conveyed to other surgical centres.

FASTTRACK CABG was a single-arm study and was not
formally powered for clinical outcomes.

Finally, coronary CTA examinations of optimal quality
with experienced interpretations are not a universal
guarantee. While these attributes might be ‘normal’ in
highly experienced environments, we do not know what
will happen in ‘real-life’ scenarios especially if one
considers that in the FASTTRACK CABG trial, only one
type of CT scanner (256-slice GE Healthcare REVOLUTION
CT) was used, and this may raise the potential issue
of generalizability of the study results to clinical
practices with less multi-slice CT expertise and usage of
lower-quality CT scanners.

Conclusions

These studies open new perspectives on CCTA use as a tool
to provide interventionalists and cardiac surgeons
with a non-invasive roadmap for planning myocardial
revascularization strategies. Moreover, using CCTA rather
than ICA for coronary visualization in patients with CAD
may lead to a wider adoption of the Heart Team approach
and ultimately benefit patients.

This intriguing hypothesis was tested first in a theoretical
feasibility survey study and then in a ‘first-in-man’,
proof-of-concept feasibility and safety trial. The further
step must be a large, international, prospective, and
randomized trial on the revascularization outcome by
comparing patients who underwent a novel non-invasive
vs. a traditional invasive roadmap. The generalizability
of the study results to clinical practices awaits for the
implementations of such trials. In the meantime, CT
technology continues to advance, allowing improved
characterization of disease with new technologies such as
photon counting CT detectors and applications of
artificial intelligence.
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