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Abstract

Background: Invasive coronary angiography has historically been the reference standard
for coronary, valvular, and structural heart disease. Over the past decade, coronary com-
puted tomography angiography (CCTA), CT-derived fractional flow reserve (CT-FFR),
photon-counting detector computed tomography (PCCT), and cardiac magnetic resonance
(CMR) have expanded the range of clinical questions answerable without an intra-arterial
catheter, but this shift has been uneven across clinical domains. Methods: We performed
a narrative review and synthesis of randomized trials, registries, society guidelines, and
consensus documents (2009-2026) identified through PubMed and major cardiovascu-
lar guideline databases, written from a joint cardiology and cardiac-surgical standpoint.
Results: The boundary has shifted asymmetrically, by which we mean a domain-dependent
rather than uniform displacement of invasive angiography. Non-invasive imaging is now
established as the first-line approach for stable chest pain at low-to-moderate pretest prob-
ability, for pre-transcatheter aortic valve replacement (TAVR) and structural procedural
planning, and for aortic disease. It remains contested for stable multivessel disease and pre-
coronary artery bypass grafting (CABG) planning, where CCTA- or CT-FFR-only planning
is still investigational. Invasive angiography stays first-line for ST-elevation myocardial
infarction (STEMI), cardiogenic shock, and complex percutaneous coronary intervention
(PCI), where diagnosis and therapy are inseparable. Conclusions: Invasive and non-
invasive modalities are complementary rather than competing. The appropriate first-line
investigation depends on the disease domain, pretest probability, anatomical complexity,
imaging quality, and whether diagnosis and treatment can be separated. We propose
a complexity-stratified, heart-team framework and identify the surgical research gaps
that remain.
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1. Introduction

The diagnostic catheter and the therapeutic catheter were, until recently, the same
instrument. F. Mason Sones introduced selective coronary cine-angiography in 1958,
percutaneous coronary intervention (PCI) emerged in the late 1970s, and surgical revascu-
larization developed in parallel [1,2]. The clinical environment that resulted answered two
questions in the same room with the same wire: whether obstructive coronary disease was
present, and what should be done about it. The coupling was efficient and durable, and it
produced a working assumption that the catheter laboratory should be the first destination
for almost any patient with suspected coronary, valvular, or aortic disease.

Over the past decade, this coupling has progressively decoupled. Multidetector
and photon-counting CT, validated CT-derived fractional flow reserve (CT-FFR), stress
cardiac magnetic resonance (CMR) perfusion, and Al-enabled plaque characterization
have shifted a significant portion of the diagnostic workload upstream of the catheter
laboratory. The therapeutic workload has remained within it. Diagnostic information
about coronary circulation is now available along three partly independent axes: anatomy,
lesion-level physiology, and plaque morphology. Each has both an invasive and a non-
invasive counterpart, and the appropriate first investigation depends on which axis is
most informative for the clinical question, not on a hierarchy among technologies. We
use the term asymmetric shift to mean that this displacement of invasive angiography has
advanced at very different rates across clinical domains.

The clinical yield of unselected diagnostic invasive coronary angiography (ICA) has
long been modest. In the most-cited contemporary benchmark, only 37.6% of patients
referred for elective diagnostic ICA were found to have obstructive coronary artery disease
(CAD) [3]. More than a decade later, no large contemporary registry has shown that this
yield has improved materially in centers that do not screen with non-invasive imaging.
Reductions in unnecessary invasive testing therefore represent a legitimate quality goal
rather than a downgrading of care, particularly in older patients with comorbidity in whom
the cumulative burden of contrast nephropathy, access-site complications, and procedural
delay is often significant.

The evidence driving this redistribution has, however, been generated predominantly
by interventional and imaging cardiology investigators. Few of the major randomized
trials shaping current practice have had cardiac-surgical principal investigators, surgical
primary endpoints (graft patency, completeness of revascularization, conduit selection,
intraoperative plan modification), or surgical candidates as the index population. Car-
diac surgery, which will be most affected operationally by any change in pre-procedural
workflow, has therefore had limited contribution to the evidence behind that change. This
narrative review is written from a joint cardiology and cardiac-surgical standpoint. We
describe where current evidence supports a non-invasive first investigation, where ICA
remains the appropriate starting point, where the evidence is still being assembled, and
where the gap between trial cohorts and real-world clinical practice will determine whether
the framework can actually be delivered.
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2. Methods

This article is a narrative review and synthesis intended to integrate contemporary
evidence and to propose a practical, heart-team decision framework rather than to provide
a systematic appraisal. We searched PubMed /MEDLINE and the Cochrane Library for
English-language randomized controlled trials, large registries, meta-analyses, current
society guidelines, and expert-consensus documents. Search terms combined the principal
diagnostic modalities, including coronary CT angiography, CT-derived fractional flow
reserve, photon-counting CT, cardiac magnetic resonance, ICA, fractional flow reserve,
and intracoronary imaging, with the main clinical domains, including transcatheter aortic
valve replacement, coronary artery bypass grafting, and heart-team decision-making. We
concentrated on literature from the contemporary multidetector CT era, broadly the past
fifteen years, while retaining earlier landmark studies that remain clinically foundational,
and we hand-searched the reference lists of key articles for additional sources. Studies
were selected by author consensus on the basis of clinical relevance and methodological
quality, with randomized outcome data given the greatest weight, followed by registry and
feasibility data and then expert opinion. The strength of the evidence underpinning each
statement is indicated in the relevant section.

3. Coronary Artery Disease
3.1. Stable Chest Pain Pathways

In chest pain at low-to-moderate pretest probability, the evidence supporting CCTA as
the appropriate first-line investigation is now extensive and consistent across geographies.
Newby and colleagues (Table 1), in the Scottish SCOT-HEART trial (n = 4146), reported a
41% reduction in the composite of coronary heart disease death or non-fatal myocardial
infarction (MI) at five years (2.3% vs. 3.9%; hazard ratio [HR] 0.59, 95% confidence interval
[CI] 0.41 to 0.84) without an increase in invasive procedures, the only CCTA-led care trial to
date to show a hard-event signal of this magnitude [4,5]. The DISCHARGE trial (n = 3561)
subsequently established non-inferior major adverse cardiovascular events (MACE) at
3.5 years against an ICA-first strategy in patients with intermediate pretest probability, with
major procedure-related complications halved from 1.9% to 0.5% [6]. In PROMISE (Douglas
and colleagues, n = 10,003), CCTA produced clinical outcomes equivalent to functional
testing while reducing downstream catheterizations that found no obstructive disease [7].
CONSERVE reported an approximately 78% reduction in ICA without obstructive CAD
when CCTA gated the referral pathway [8]. PRECISE combined the PROMISE Minimal Risk
Score (PMRS) with CCTA and reduced its composite primary endpoint by 71% (adjusted
HR, 0.29; 95% CI, 0.20-0.41; p < 0.001); this reduction was driven almost entirely by the low-
yield catheterization component (10.2% to 2.6%), with no difference in death or myocardial
infarction [9]. PRECISE therefore supports risk-stratified CCTA as a means of reducing
low-yield invasive testing rather than as a mortality intervention.

Cardiac magnetic resonance (CMR) perfusion offers a validated non-invasive func-
tional alternative. In MR-INFORM, Nagel and colleagues reported non-inferior MACE
at one year against an invasive fractional flow reserve (FFR)-guided strategy, with fewer
revascularizations performed in the CMR arm [10]. CMR is less sensitive than FFR at the
lesion level, but the lesions it does not flag did not translate into a measurable event differ-
ence at this time horizon. The 2021 AHA /ACC chest pain guideline gives CCTA a Class
I (Level A) recommendation for intermediate-to-high-risk patients with stable chest pain
and no known CAD, and the 2024 ESC chronic coronary syndromes guideline recommends
CCTA (Class 1) as a first-line test in patients with low-to-moderate clinical likelihood of
obstructive CAD [11,12].
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Table 1. Major trials and registries relevant to the invasive and non-invasive boundary.

Trial/Study

Year

Population (n)

Comparison

Key Finding

Relevance to the Boundary

SCOT-HEART

2018

Stable chest pain (4146)

CCTA + standard care vs. standard
care alone

41% reduction in composite of coronary heart
disease death or non-fatal MI at 5 years (HR 0.59)

CCTA-led pathway linked to improved
clinical outcomes

ISCHEMIA

2020

Moderate to severe ischemia (5179)

Invasive vs. conservative strategy;
blinded CCTA used for anatomic
eligibility in ~75% of patients

No overall benefit of routine invasive strategy
on the primary composite

CCTA used as anatomic gatekeeper
for randomization

DISCHARGE

2022

Stable chest pain, intermediate pretest

probability (3561)

CCTA-first vs. invasive coronary
angiography-first

Non-inferior MACE at 3.5 years; major
procedure-related complications 0.5% vs. 1.9%

CCTA is a safe first-line modality in
this population

PRECISE

2023

Stable suspected CAD (2103)

Precision strategy (PROMISE risk tool

+ CCTA) vs. usual testing

Composite of invasive coronary angiography
without obstructive CAD or death/MI reduced
71% (HR 0.29); invasive coronary angiography
without obstructive CAD 2.6% vs. 10.2%

Risk-stratified CCTA reduces low-yield
invasive procedures

BYPASS-CTCA

2023

Prior CABG, referred for invasive
coronary angiography (688)

CCTA before invasive coronary
angiography vs. standard care

Shorter procedure time, lower contrast volume,
reduction in additional invasive testing

Imaging before invasive coronary
angiography improves procedural efficiency
in prior-CABG patients

FASTTRACK CABG

2024

Stable multivessel CAD planned
for CABG (114)

CCTA + CT-FFR-only planning
(single-arm feasibility)

Imaging-only surgical plan executable in 99% of
cases; 30-day outcomes consistent with
contemporary CABG benchmarks

Feasibility signal for CCTA-only preoperative
planning; needs randomized confirmation

CCTA vs. ICA before TAVI (Diller
meta-analysis; Jensen cohort)

2024, 2025

TAVI candidates (7458 pooled;
240 cohort)

CCTA vs. ICA for CAD detection;
selective-ICA pathway

Patient-level sensitivity 95%, NPV 97%,
specificity 73%; ICA canceled in 80% with no
MACE difference

Supports CCTA as a rule-out gatekeeper
before TAVT; no strategy-level RCT

NOTION-3

2024

Severe AS for TAVI with significant
CAD (455)

FFR-guided PCI vs.
conservative management

Reduced composite of death, MI, or urgent
revascularization at median 2 years; more
minor bleeding

Randomized evidence on managing CAD in
TAVI candidates

FAME-3

2022

Three-vessel CAD (1500)

FFR-guided PCIvs. CABG
(non-inferiority design)

FFR-guided PCI did not meet prespecified
non-inferiority margin vs. CABG for primary
composite at 1 year (10.6% vs. 6.9%)

Supports continued role of CABG in
three-vessel disease

MR-INFORM

2019

Stable angina (918)

CMR perfusion-guided vs. invasive
FFR-guided strategy

Non-inferior MACE at 1 year, with fewer
subsequent revascularizations in CMR arm

CMR perfusion is a credible non-invasive
functional gatekeeper

CONSERVE

2019

Stable suspected CAD (1631)

CCTA-first vs. direct invasive
coronary angiography

78% reduction in invasive coronary angiography

Pre-screening with CCTA reduces
unnecessary invasive procedures

CT-FFR validation and registry
experience

2014, 2020

Stable CAD (>5000 cumulative)

CT-FFR vs. invasive FFR/
clinical management

NXT sensitivity 86%, specificity 79%;
ADVANCE management change in ~67%

CT-FFR extends CCTA into the
physiological domain

CRISP-CT

2018

Stable and acute CAD (3912)

Pericoronary FAI vs. standard
CCTA prognostication

Pericoronary FAI predicts cardiac mortality
independent of stenosis severity

Non-invasive wall-based prognostication
complementary to angiographic findings

CABG, coronary artery bypass grafting; CAD, coronary artery disease; CCTA, coronary computed tomography angiography; CMR, cardiac magnetic resonance; FAI, fat attenuation
index; FFR, fractional flow reserve; CT-FFR, CT-derived fractional flow reserve; MACE, major adverse cardiovascular events; MI, myocardial infarction; PCI, percutaneous coronary

intervention.
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The translation of this evidence into routine practice has been uneven, and most
clinicians will recognize a gap between trial recommendations and what is realistically
available in a typical outpatient cardiology service. CCTA throughput remains dependent
on local scanner specifications, reader expertise, and dedicated reporting time, all of which
vary substantially between tertiary centers and community programs. CT-FFR requires
off-site processing with a turnaround that, in most health systems, exceeds 24 h, and
reimbursement is not yet uniform. In settings where CCTA cannot be delivered within
a clinically reasonable interval or where reads are inconsistent, the practical default still
drifts toward direct ICA despite the evidence.

3.2. Planning Revascularization

The role of non-invasive imaging in revascularization planning is the most actively
contested part of the boundary: CCTA-first evaluation of stable chest pain and CT-based
TAVR planning are established, guideline-endorsed standards, whereas CCTA /CT-FFR-
only pre-CABG planning remains investigational and should currently be confined to
research protocols (Figure 1). The ISCHEMIA trial (Maron, Hochman, and colleagues, n
= 5179) used blinded CCTA as an anatomic screen for randomization in approximately
three-quarters of enrolled patients, principally to exclude unprotected left main disease and
to confirm obstructive coronary anatomy. The primary comparison, however, was strategy-
level (invasive versus conservative initial management) rather than between imaging
modalities. ISCHEMIA'’s anatomic gatekeeping by CCTA was structurally important
because it signaled that trialists accepted CCTA as adequate to confirm enrollment-grade
disease. It was not, however, a randomized test of CCTA against ICA for revascularization
planning [13].

Two more recent studies address preoperative imaging in surgical candidates more
directly. In BYPASS-CTCA, Jones and colleagues randomized 688 patients with prior coro-
nary artery bypass grafting (CABG) referred for ICA to CCTA before invasive angiography
or standard care, reporting shorter procedure time, lower contrast volume, and a reduction
in additional invasive testing in the imaging-first arm; CCTA can streamline a planned inva-
sive procedure but does not replace it [14]. In FASTTRACK CABG (Serruys and colleagues,
n = 114), surgical revascularization was planned entirely from CCTA and CT-FFR in stable
multivessel disease without preoperative ICA. Surgeons judged the imaging-only plan
executable in 99% of cases, with 30-day outcomes consistent with contemporary CABG
benchmarks [15]. The trial is a feasibility signal, not a definitive comparison. FASTTRACK
CABG was a single-arm study of 114 highly selected, low-surgical-risk patients, with a
surgeon-adjudicated feasibility endpoint and follow-up limited to 30-day CCTA graft as-
sessment. Its findings may not extend to patients underrepresented in or excluded from
the trial—those with diffuse disease, severe calcification (where blooming artifact degrades
assessment of distal targets), prior PCI, chronic kidney disease, or diabetes. A properly
powered randomized comparison with surgical primary endpoints (graft patency, complete-
ness of revascularization, intraoperative plan modification) is required before CCTA-only
planning can be recommended as a routine alternative to ICA in surgical candidates.

ISCHEMIA-EXTEND, the extended observational follow-up at a median of 5.7 years,
adds nuance. It reported lower seven-year cumulative cardiovascular mortality with the
invasive strategy (6.4% vs. 8.6%; adjusted HR 0.78), although all-cause mortality did not
differ and non-cardiovascular mortality was higher with invasive management [16]. These
are non-prespecified exploratory analyses and should be read as hypothesis-generating.
Their relevance is that the imaging modality is only one element of a broader decision
about whether and when to revascularize.
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The shifting boundary between non-invasive imaging and invasive angiography

Current position (circle) and direction of travel (arrow) by clinical domain
Non-invasive imaging dominant Invasive angiography dominant
Aortic dissection & aneurysm sizing @

Pre-TAVR annulus & access planning [ ]

LAA closure planning [ ]
Mitral TEER / transcatheter screening <@
Stable chest pain, low-moderate risk <—0
Pre-SAVR / pre-mitral surgery CAD exclusion -0

Pre-CABG planning, stable multivessel disease <+

Suspected chronic total occlusion (CTO) [ ]
NSTE-ACS, high risk [ ]
Complex PCI guidance & intracoronary imaging [ ]
STEMI / cardiogenic shock [ J

Post-revascularization surveillance <9

Legend

@ Non-invasive imaging s the standard of care @ Boundary actively contested / dual modality @ Invasive angiography is
— Shifting toward non-invasive (solid: established; dashed: investigational) the standard of care

Figure 1. Position of non-invasive imaging and invasive angiography across clinical domains. Circles
mark current position on the spectrum; arrows mark direction of recent evidence-based movement.
The boundary has moved toward non-invasive imaging in aortic disease, pre-TAVR planning, left
atrial appendage closure planning, and pre-mitral structural intervention. It is contested in stable
multivessel coronary disease and pre-CABG planning. It remains predominantly invasive in STEMI,
cardiogenic shock, and complex PCI guided by intracoronary imaging. CCTA, coronary computed
tomography angiography; CT-FFR, CT-derived fractional flow reserve; PCCT, photon-counting CT;
CMR, cardiac magnetic resonance; LAA, left atrial appendage; TEER, transcatheter edge-to-edge
repair; SAVR, surgical aortic valve replacement; TAVR, transcatheter aortic valve replacement; CABG,
coronary artery bypass grafting; CTO, chronic total occlusion; NSTE-ACS, non-ST-elevation acute
coronary syndrome; STEMI, ST-elevation myocardial infarction; ICA, invasive coronary angiography.

In contemporary multidisciplinary practice, the decision to plan CABG without preop-
erative ICA is rarely a fixed threshold, but rather, a judgment shaped by available imaging
quality, local surgical comfort, and patient-specific risk. For a stable 65-year-old with
low-to-moderate-complexity disease and a high-quality CCTA in a well-resourced center,
an imaging-only pathway is increasingly defensible. For a 78-year-old with prior PCI,
multivessel disease, and partial calcification, the threshold for ICA remains low even in
centers comfortable with imaging-first triage. Imaging-only planning therefore depends
not only on the evidence base but on the consistency of imaging quality that the surgical
team can actually rely on.

3.3. Invasive Physiology and Intracoronary Imaging

Invasive coronary investigation has not narrowed but has been refined. FAME-3 ran-
domized 1500 patients with three-vessel disease to FFR-guided PCI or CABG,; at one year,
the primary composite of death, MI, stroke, or repeat revascularization occurred in 10.6%
of the PCI arm and 6.9% of the CABG arm (HR 1.5, 95% CI 1.1 to 2.2). FFR-guided PCI
did not meet the prespecified non-inferiority margin against CABG, with results favoring
CABG and supporting the continued role of surgical revascularization in three-vessel dis-
ease [17]. Intracoronary imaging-guided PCI is now differentiated by context. ILUMIEN-IV
(n = 2487) compared optical coherence tomography (OCT)-guided with angiography-
guided PCI in a broad population and reported larger minimum stent area with OCT
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guidance and lower stent thrombosis, but no significant reduction in target-vessel failure at
two years [18]. In contrast, RENOVATE-COMPLEX-PC], restricted to complex lesions and
comparing imaging-guided (OCT or intravascular ultrasound [IVUS]) with angiography-
guided PCI, reduced a composite of cardiac death, target-vessel MI, and clinically driven
target-vessel revascularization (7.7% vs. 12.3% at median 2.1 years; HR 0.64) [19]. The
clinical benefit of imaging guidance is confined to complex disease and is not apparent
in unselected PCI populations. The OPTIMAL trial similarly found that intravascular
ultrasound-guided PCI of unprotected left main disease did not improve outcomes over
angiography-guided treatment at a median of 2.9 years [20]. iFR-SWEDEHEART and
DEFINE-FLAIR established the instantaneous wave-free ratio (iFR) as non-inferior to FFR
for MACE at one year and removed the adenosine barrier [21,22]. Read together, invasive
physiology provides clinical benefit in stable disease and elective lesion selection but does
not consistently outperform angiographic guidance in every setting.

3.4. Advances in Technology and Their Current Limits

CT-FFR has been validated against invasive FFR. Nergaard and colleagues, in the
NXT analysis, reported per-patient sensitivity of 86%, specificity of 79%, and area under
the receiver-operating-characteristic curve of 0.90 in patients with interpretable images [23].
Downstream signals from PLATFORM and the ADVANCE registry are also positive: the CT-
FFR pathway reduced the proportion of patients referred to ICA without obstructive disease
from 73% to 12% in PLATFORM, and clinical management changed in approximately 67%
of patients after CT-FFR became available across the ADVANCE cohort [24,25]. Curzen
and colleagues, in the pragmatic open-label UK FORECAST trial of 1400 patients with
stable chest pain, showed no significant reduction in cardiac costs or clinical events at
nine months, despite a modest reduction in invasive angiography [26], suggesting that
the technology may not perform identically in routine (“real world”) practice as it does in
curated referral cohorts. The divergence from PLATFORM and ADVANCE reflects design
differences: FORECAST was open-label and pragmatic, with CT-FFR placed earlier in the
diagnostic pathway and a less curated patient population. Real-world performance is also
sensitive to image quality, calcium burden, motion artifact, and segmentation accuracy,
and agreement with invasive FFR falls in heavily calcified disease; CT-FFR is therefore
best regarded as an adjunct to high-quality CCTA rather than a universal replacement for
invasive physiological assessment.

Photon-counting CT (PCCT) offers higher spatial resolution and reduced blooming.
Early head-to-head work by Si-Mohamed, Mergen, and colleagues shows diagnostic accu-
racy approaching that of ICA in patients with moderate-to-high calcium burden [27,28],
though it is not yet in widespread clinical use.

CCTA-derived plaque characterization provides prognostic information that lumen-
based imaging alone cannot. Oikonomou and colleagues showed in CRISP-CT that the
pericoronary fat attenuation index (FAI) predicts cardiac mortality independent of steno-
sis severity, and large registry analyses are extending these findings to plaque progres-
sion [29]. Total plaque burden and low-attenuation plaque volume contribute additional
risk-stratification information [30-32]. Comparable wall-based information is obtainable
invasively by OCT or IVUS at the lesion of interest, but the two approaches are complemen-
tary: CCTA provides whole-tree non-invasive assessment, while intracoronary imaging
provides higher-resolution lesion-level detail at the point of decision. Plaque-based prog-
nostication is the area in which non-invasive imaging offers information that invasive
measurement structurally cannot deliver across the whole coronary tree.
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3.5. Acute and Procedural Settings

For acute coronary syndromes and complex coronary intervention, ICA remains the
appropriate initial investigation (Figure 2) because the diagnostic and therapeutic decisions
are inseparable from the procedure. The 2023 ESC acute coronary syndromes guideline [33]
recommends immediate invasive angiography in very-high-risk non-ST-elevation acute
coronary syndromes (NSTE-ACS), an early invasive strategy within 24 h in high-risk NSTE-
ACS (Class IIa), and emergent ICA in STEMI and cardiogenic shock [34]. The main place
non-invasive imaging contributes here is procedural planning; for example, chronic total
occlusion (CTO) management benefits from CCTA, including lesion length, calcification,
and collateral architecture, but the procedural decision and the intervention itself remain
invasive [35]. Even within the invasive procedure, physiology is refining lesion selection
that Xu and colleagues, in the sham-controlled FAVOR III China trial [36], showed that a
quantitative flow ratio (QFR)-guided strategy reduced one-year MACE compared with
angiography-guided lesion selection. In patients in whom revascularization itself confers no
benefit over optimal medical therapy, as shown by Bangalore and colleagues in ISCHEMIA-
CKD and by Perera and colleagues in REVIVED-BCIS2 (advanced kidney disease and
ischemic left ventricular [LV] dysfunction, respectively) [37,38], the choice between invasive
and non-invasive imaging becomes largely irrelevant, because it is downstream of the more
fundamental decision of whether to revascularize at all, and is rarely on the critical path.

Integrated decision pathway: invasive vs il ive first-line i

s & thrapyInepar = _
Invasive angiography first-line
diagnosis & therapy giography

« STEMI & cardiogenic shock —

‘emergent (Class I)

Stable / elective — select clinical domain

ass lla)
« Complex PCI/ CTO*
(*CCTAmay aid CTO planning)
- Stable multivessel / pre-CABG
Valvular, structural & aortic
(contested)
nvas
e standar

CT-based first-line planning
+CCTA

Stable chest pain
(low-moderate pretest probabilty)

coronary screen
(CT angiography for aorta)

8 Non-invasive frstine (estabiished) 8 Contested  heartteam 8 invasie remains firstine

Figure 2. Integrated decision pathway for first-line invasive versus non-invasive investigation in
suspected or known cardiovascular disease. Patients are triaged first by whether the presentation
is acute or diagnosis and therapy are inseparable, favoring invasive angiography as first-line and
by clinical domain otherwise. Recommendation classes follow the ESC acute coronary syndrome
and ESC chronic coronary syndrome guidelines. The pathway reflects a deliberately CT-first framing;:
stress/functional imaging is an accepted alternative first-line option at intermediate-to-high clinical
likelihood, and deferral of testing may be appropriate at genuinely low likelihood. CABG, coronary
artery bypass grafting; CAD, coronary artery disease; CCTA, coronary CT angiography; CMR,
cardiovascular magnetic resonance; CT-FFR, CT-derived fractional flow reserve; CTO, chronic total
occlusion; NSTE-ACS, non-ST-elevation acute coronary syndrome; PCI, percutaneous coronary
intervention; STEMI, ST-elevation myocardial infarction.

3.6. Coronary Angiography Without Obstructive Coronary Disease

In a subset of patients with anginal symptoms and unobstructed coronary arteries,
ischemia is mediated by microvascular dysfunction or vasospasm rather than by epicardial
stenosis. Ford and colleagues, in CorMicA (n = 151), randomized such patients to a stratified
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diagnostic protocol (acetylcholine provocation, coronary flow reserve, and microvascular
resistance measurement performed at the time of angiography) or a sham-disclosure control.
The intervention arm achieved an 11.7-point greater improvement on the Seattle Angina
Questionnaire summary score at six months, exceeding the commonly cited minimal
clinically important difference [39]. CorMicA is predominantly a single-center Scottish
trial of modest size with a six-month endpoint and requires replication in larger and more
diverse cohorts. The catheter laboratory’s scope is also widening. Where the angiogram
alone would once have been read as negative, invasive functional and provocative testing
can now establish a diagnosis. In this sense, the invasive lab has become the downstream
counterpart of the upstream shift of anatomic diagnosis into non-invasive imaging.

4. Valve Disease

In valvular heart disease, non-invasive imaging has largely supplanted diagnostic
catheterization, but two distinct roles of CT before transcatheter aortic valve replacement
(TAVR) must be separated: procedural planning, which is an established standard, and
CAD assessment in place of routine ICA, which is emerging but not yet supported by
randomized strategy-level evidence. Multidetector CT before TAVR, which assesses annular
dimensions, coronary ostial heights, iliofemoral access, and calcium distribution, has been
the guideline-endorsed standard of care for more than a decade [40,41]. CT planning now
anticipates complications as well as sizing: sinus and sino-tubular-junction dimensions and
the valve-to-coronary distance identify patients at risk of coronary obstruction, a risk that is
highest in valve-in-valve procedures and can be mitigated by intentional leaflet laceration
(BASILICA) or commissural alignment to preserve coronary access [42—44].

Whether the same acquisition can also replace routine ICA for CAD assessment
is a separate question, and the evidence here is accuracy- and cohort-level rather than
strategy-level. A meta-analysis of 27 studies [45] (7458 TAVI candidates) reported patient-
level sensitivity of 95% and negative predictive value of 97% for CCTA against ICA,
but specificity of 73% and positive predictive value of 64%. This is a profile suited to
ruling out obstructive disease rather than confirming it, and one that degrades with the
heavy calcification typical of elderly aortic stenosis patients. Observational selective-ICA
pathways support feasibility: in a cohort of 240 TAVI candidates triaged by CCTA, ICA
was canceled in 80%, with no difference in major adverse cardiovascular events at a
median of 15 months [46]. No randomized trial, however, has compared a CCTA-based
selective-ICA pathway against a routine ICA-containing work-up on clinical outcomes.
Guidance has nonetheless moved ahead of randomized evidence with the 2025 ESC/EACTS
guidelines now recommending CCTA to rule out CAD in valve patients with low-to-
moderate (<50%) pretest likelihood of obstructive disease and stating that omission of ICA
should be considered when the standard pre-TAVI CT is of sufficient quality to exclude
relevant CAD [47].

The same logic extends to surgical candidates. CCTA is an accepted first-line coro-
nary assessment before SAVR and mitral surgery at low-to-moderate pretest probability,
supported by meta-analytic data and the 2025 ESC/EACTS and 2020 ACC/AHA guide-
lines [47-49]. Across both transcatheter and surgical populations, invasive angiography
remains preferred when pretest probability is high, calcification or image quality precludes
confident coronary evaluation, ischemic mitral regurgitation is suspected, intermediate
stenoses require physiological assessment that CT-FFR cannot resolve, or revascularization
is planned.

The management of obstructive CAD detected before TAVR is no longer entirely un-
resolved. In the randomized NOTION-3 trial, FFR-guided PCI in TAVI patients with
significant CAD reduced the composite of all-cause death, myocardial infarction, or
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urgent revascularization compared with conservative management (median follow-up
2 years), at the cost of more minor bleeding [50]. Questions of timing, completeness of
revascularization, and generalizability to higher-risk anatomy remain open.

Delivering a CCTA-first pathway in this population is now chiefly an implementation
problem, requiring dedicated cardiac CT reading expertise integrated with the structural
heart team rather than reading delegated to general radiology.

5. Structural Heart Disease

For transcatheter structural intervention, multidetector CT has effectively replaced
angiography for procedural planning. Pre-WATCHMAN and pre-Amplatzer Amulet CT
for left atrial appendage (LAA) closure are now standard in high-volume programs and are
used alongside or in place of transesophageal echocardiography (TEE) for ostial sizing [51].
Patient-specific computational simulation is increasingly used to model device-anatomy
interaction and to guide sizing for left atrial appendage closure and valve-in-valve proce-
dures [52]. Mitral transcatheter edge-to-edge repair (TEER) and transcatheter mitral valve
replacement screening use three-dimensional CT to assess leaflet anatomy, calcium distribu-
tion, and neo-left ventricular outflow tract (neo-LVOT) geometry, where a small predicted
neo-LVOT identifies patients at high risk of iatrogenic outflow-tract obstruction, particu-
larly in the setting of mitral annular calcification [53-55]. Transcatheter tricuspid repair
and replacement rely similarly on CT and echocardiographic characterization of annular
dimensions, leaflet morphology, and right coronary artery proximity [56]. Invasive hemo-
dynamic catheterization of the right and left heart, however, remains important for risk
stratification in mixed valve disease and heart failure, where filling pressures, pulmonary
vascular resistance, and transvalvular gradients provide prognostic information that CT
does not replicate. Concomitant coronary assessment in transcatheter mitral pathways
continues to require ICA when CCTA cannot exclude obstructive disease with adequate
confidence. CT has replaced angiography for procedural planning in this domain, while
invasive hemodynamic catheterization remains complementary rather than displaced.

6. Aortic Disease

For aortic disease, the boundary has moved completely. CT angiography is the first-
line imaging modality for the diagnosis and surveillance of aortic dissection, intramural
hematoma, and thoracic and abdominal aortic aneurysm; CMR provides an alternative
without ionizing radiation for surveillance of younger patients with connective tissue
disease [57,58]. The role of ICA in aortic disease is now largely procedural, encompassing
fluoroscopic deployment of endovascular grafts and concomitant coronary assessment
before open or hybrid aortic repair. The 2022 ACC/AHA aortic disease guideline reflects
this distribution [59].

7. Settings in Which ICA Remains First-Line

Several scenarios are not candidates for non-invasive substitution of ICA. In each, the
diagnostic and therapeutic decisions are inseparable from the procedure itself: STEMI and
cardiogenic shock (immediate invasive assessment, any pre-procedural imaging delays
treatment); high-risk NSTE-ACS (invasive evaluation within 24 h per guideline); suspected
CTO (CCTA aids planning but the procedural decision is invasive); and complex multi-
vessel or high-anatomical-complexity PCI guided by intracoronary imaging and invasive
physiology. A second category fails CCTA on diagnostic-confidence grounds rather than
acuity: heavy coronary calcification, persistent tachyarrhythmia, or body habitus that
prevents diagnostic image quality [26]. The relevance of this category will shift as PCCT
matures, but in current practice it remains a defined indication for ICA. Across these
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scenarios, the shift toward non-invasive imaging in diagnostic triage does not displace
the role of ICA in procedural or time-critical contexts; the two roles are distinct and not
in competition.

8. The Operative Envelope: What CCTA Does Not Yet Deliver to
the Surgeon

CCTA does not currently provide several pieces of operative information that cardiac
surgeons routinely act on, and underemphasizing this distorts the imaging-versus-invasive
debate as it applies to CABG candidates. The four observations below are drawn from
operative experience and specify the envelope within which any imaging-only preoperative
strategy would need to be validated. These observations reflect expert surgical opinion and
graft-patency data rather than randomized evidence.

First, the in vivo pliability and intramural calcification distribution of the distal target
vessel are assessed at operation by direct palpation and inspection. For vessels with a
caliber below approximately 1.5 mm, this information is difficult to infer from any current
imaging modality. This threshold, derived from the authors’ operative experience and
consistent with published graft-patency literature [60,61], marks the point at which both
CCTA and ICA show degraded predictive value for graft suitability. Second, dynamic distal
run-off under pulsatile load, which informs the choice of conduit among the left internal
mammary artery, the radial artery, and the saphenous vein, is a physiological judgment
that is not currently captured by CT-FFR. Third, epiaortic and porcelain-aorta calcification,
while increasingly resolvable on photon-counting CT, is best confirmed intraoperatively
by epiaortic ultrasound, which has higher sensitivity than transesophageal echocardiog-
raphy or preoperative CT for clinically significant ascending aortic atheroma and directly
influences cross-clamp positioning, cannulation strategy, and the choice of on-pump or
off-pump approach [62,63]. Fourth, the granular information required for second-order
and third-order grafting decisions in diffuse multivessel disease is acquired intraopera-
tively, when the surgeon weighs target quality, run-off, conduit length, and intrathoracic
anatomy together.

FASTTRACK CABG illustrates the practical edge of this envelope. The imaging-only
plan was judged executable in 99% of cases, yet surgeons modified the planned distal target,
conduit, or graft sequence intraoperatively in approximately one in six (16%) patients after
direct inspection [15]. These findings should be interpreted with caution given the trial’s
single-arm design and highly selected, low-surgical-risk cohort; the 16% modification rate
may rise in less selected populations, an empirical question that should be tested in a
trial. Because each of the surgical limitations set out above implies a specific, measurable
endpoint, the operative envelope can be operationalized rather than merely asserted. A
confirmatory trial should enroll within a defined complexity range (for example, SYNTAX
score < 22 [64,65], well-defined distal targets, absence of diffuse heavy calcification) and
prespecify a surgically meaningful endpoint set, including target-vessel suitability, conduit-
selection modification, completeness of revascularization, change in cannulation or cross-
clamp strategy, graft patency at defined follow-up, and the need for rescue (bail-out)
invasive angiography, with total intraoperative plan modification as the primary or co-
primary endpoint. Defining these endpoints a priori keeps trial designs from ignoring the
operative envelope and generating data that surgeons cannot apply.
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9. Discussion

The strength of the evidence varies markedly by domain. CCTA-first evaluation
of stable chest pain (supported by randomized outcome trials such as SCOT-HEART,
PROMISE, and DISCHARGE) and CT-based procedural planning for TAVR (a guideline-
endorsed standard of care) rest on a firmer evidence foundation than CCTA /CT-FFR-
only CABG planning or routine photon-counting CT in heavily calcified disease, which
remain supported mainly by feasibility and early comparative data. CCTA-based coronary
assessment to replace routine invasive angiography before TAVR occupies an intermediate
position: now guideline-endorsed at low-to-moderate (<50%) pretest likelihood but not
yet tested against routine invasive angiography in a randomized strategy-level trial. We
therefore group clinical scenarios into three categories—non-invasive first-line, contested
or heart-team individualized, and invasive first-line—that map directly onto the graphical
abstract and Table 2.

Non-invasive imaging offers lower procedural risk, the ability to characterize plaque
and extracardiac structures, and efficient triage away from low-yield catheterization,
whereas invasive angiography offers definitive spatial resolution, on-table physiology,
intracoronary imaging, and the option of immediate treatment. The limitations of non-
invasive imaging extend beyond the surgical considerations discussed above: arrhythmia
or high and irregular heart rates, renal dysfunction and contrast exposure, obesity and
blooming artifact from dense calcification, incidental extracardiac findings, over-calling
of intermediate stenoses and the downstream testing it generates, and variable reader
expertise all constrain real-world performance.

These considerations make implementation, not evidence alone, decisive. An imaging-first
pathway depends on scanner availability and generation, CT-FFR processing turnaround,
reimbursement, dedicated reader expertise, and integration with the heart team, capabilities
that remain concentrated in tertiary centers. Distinguishing what is technically possible
from what is routinely deliverable across different health systems is therefore central to
applying any framework and is the lens through which the future directions below should
be read.
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Table 2. Domain-specific framework for first-line angiographic investigation.

Clinical Scenario

Pretest Probability of Obstructive CAD

Reasonable First-Line Investigation

Indications to Proceed
to Invasive
Coronary Angiography

Practice Tier and Evidence Base

Stable chest pain, no high-risk features

Low to moderate

CCTA, with CT-FER or CMR perfusion if
intermediate stenoses identified

Intermediate stenosis with positive CT-FFR,
non-diagnostic CT, or persisting clinical
concern

Established non-invasive first-line—RCTs
(SCOT-HEART, PROMISE, DISCHARGE, PRECISE);
guidelines (2021 ACC/AHA chest pain; 2024 ESC
chronic coronary syndromes)

Pre-TAVR planning

Any (procedural planning);
low-to-moderate, <50% (coronary
rule-out)

CCTA for annulus and access route; coronary
rule-out when likelihood <50% and image
quality adequate

High CAD likelihood, calcification or artifact
limiting coronary evaluation, inconclusive
CCTA, or PCI planned before TAVR

Established non-invasive first-line—guideline-endorsed
(2025 ESC/EACTS); coronary rule-out from
diagnostic-accuracy meta-analysis and observational
selective-ICA cohorts; no strategy-level RCT

Pre-SAVR or pre-mitral surgery,
low-to-moderate CAD risk

Low to moderate (<50%)

CCTA, with CT-FFR for moderate stenoses

Obstructive CAD on CCTA, heavy calcification
limiting CCTA, or suspected ischemic mitral
regurgitation

Established non-invasive first-line—guidelines (2025
ESC/EACTS; 2020 ACC/AHA); meta-analytic
diagnostic-accuracy data

Stable multivessel CAD planned
for CABG

High, stable, low anatomic complexity

Invasive coronary angiography is the
established standard; CCTA + CT-FFR-only
planning should currently be performed only
within a research protocol

Default pathway pending randomized
confirmation with surgical primary endpoints

Contested /heart-team individualized (invasive
default)—single-arm feasibility only (FASTTRACK
CABG)

Heavy coronary calcification limiting
CCTA confidence

Any

Invasive coronary angiography preferred;
PCCT may close this gap as
evidence matures

Invasive first-line—expert opinion and observational
data

Prior CABG referred for re-evaluation

High

CCTA before invasive coronary angiography,
per BYPASS-CTCA

Invasive coronary angiography is generally
still performed; CCTA optimizes procedural
planning

Contested /heart-team individualized—RCT
(BYPASS-CTCA)

LAA closure, mitral TEER, or tricuspid
intervention

Variable

CT-based procedural planning

Suspected obstructive CAD that CCTA cannot
exclude with adequate confidence

Established non-invasive first-line (procedural
planning)—observational data and SCCT/society
consensus documents

Suspected chronic
total occlusion

High

CCTA for lesion length, calcification, and
collaterals; invasive coronary angiography for
the procedural decision

Invasive coronary angiography is the
procedural step regardless of imaging-based
planning

Invasive first-line—consensus/observational planning
data; expert opinion

NSTE-ACS, high risk

High

Early invasive coronary angiography (within
24h)

Invasive first-line—guidelines (2023 ESC ACS), Class Ila

NSTE-ACS, very high risk

Very high

Immediate invasive
coronary angiography

Invasive first-line—guidelines (2023 ESC ACS), Class I

STEMI or cardiogenic shock

Very high

Emergent invasive coronary angiography

Invasive first-line—guidelines, Class I

Aortic dissection or aneurysm

Any

CT angiography (or CMR for surveillance in
connective tissue disease)

Concomitant coronary assessment or
procedural fluoroscopy required

Established non-invasive first-line—guidelines (2014
ESC; 2022 ACC/AHA aortic disease)

The framework reflects the authors’ synthesis of contemporary evidence and is a starting point for multidisciplinary heart-team discussion rather than a prescriptive algorithm.
CABG, coronary artery bypass grafting; CCTA, coronary computed tomography angiography; CT-FFR, CT-derived fractional flow reserve; LAA, left atrial appendage; NSTE-ACS,

non-ST-elevation acute coronary syndrome; PCI, percutaneous coronary intervention; SAVR, surgical aortic valve replacement; STEMI, ST-elevation myocardial infarction; TAVR,
transcatheter aortic valve replacement; TEER, transcatheter edge-to-edge repair.
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10. Future Directions

The direction of advancement is reasonably clear, even if its pace is not. As multide-
tector CT, CT-FFR, and photon-counting CT continue to mature, the diagnostic workload
is likely to move further upstream of the catheter laboratory, and ICA is likely to become
a less frequent first-line diagnostic test in selected stable, low-complexity domains, while
remaining diagnostically essential in many real-world settings, including heavy calcifica-
tion, prior revascularization, limited image quality, complex anatomy, acute presentation,
invasive physiology, and constrained access. Several questions must be resolved before
that shift can be endorsed for the surgical patient.

The most clinically consequential is whether CCTA and CT-FFR-only preoperative
planning can become a routine alternative to ICA-based planning in stable multivessel
coronary disease. FASTTRACK CABG provided a 114-patient feasibility signal [15], but
a properly powered randomized comparison is required. The diagnostic performance of
CCTA in heavily calcified disease and in the assessment of patent grafts overlying native
vessels remains thin; head-to-head comparisons of PCCT with ICA in patients with high
Agatston scores or prior CABG would clarify its role [27,28,66]° Post-revascularization
surveillance is currently driven by symptoms and stress testing, and whether longi-
tudinal CCTA with quantitative plaque analysis identifies graft vulnerability or stent-
edge progression early enough to change outcomes has not been tested in a randomized
comparison [31,32].

Three contextual factors cut across these gaps. Access to CCTA, CT-FFR, and Al plaque-
quantification infrastructure is heterogeneous globally, and an imaging-first approach risks
replicating existing disparities in cardiovascular care [67]. Cost-effectiveness data are
reassuring for CCTA in stable chest pain pathways but more limited for the pre-CABG
and pre-valve indications [8,68]. The trial populations underlying much of this evidence
appear predominantly European and North American, with limited reported representation
of Black, Hispanic, South Asian, and East Asian patients, and women have generally
been underrepresented in invasive physiology and intracoronary imaging trials. These
observations reflect the available literature rather than a formal analysis, and the magnitude
of these disparities and their effect on outcomes warrant dedicated study. Standardized
structured reporting, including CAD-RADS 2.0, is essential for consistent implementation
at scale [69], and future randomized comparisons would benefit from enrolling more
geographically and demographically diverse cohorts as a design priority.

11. Conclusions

The boundary between non-invasive imaging and invasive angiography is shifting,
but unevenly, and is best read as a series of domain-specific decisions matched to the
clinical question and procedural risk. Non-invasive imaging has become the natural first
investigation in several domains, while invasive angiography remains indispensable where
diagnosis and treatment are inseparable. The distinctive contribution of this review is to
bring the surgical perspective to a debate framed largely in imaging and interventional
terms, and to argue that the next standard of care will be shaped as much by who designs
the evidence as by which modality performs best, so cardiac surgeons should help shape
the questions, endpoints, and trials. Ultimately, heart-team decisions should rest on the
clinical domain, patient complexity, imaging quality, and whether diagnosis and treatment
are separable.

https://doi.org/10.3390 /jcm15145723


https://doi.org/10.3390/jcm15145723

J. Clin. Med. 2026, 15, 5723 15 of 19

Author Contributions: Conceptualization, J.R.,, C.R.,, W.C,, D.S,, GWH,, J.EB., N.S. and AR,
validation, J.R., C.R.,, W.C,, D.S., GW.H,, ].E.B., T.F, N.S. and A.R.; resources, G.W.H., ].E.B. and A.R.;
writing—original draft preparation, ].R.,, GW.H., ].E.B., N.S. and A.R,; writing—review and editing,
JR,CR., WC, DS, GWH,, J.EB,, T.F, N.S. and A.R; visualization, J.R.; supervision, C.R., W.C.,
D.S., N.S. and A R; project administration, J.R. and A.R. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: No new data were created or analyzed in this study. Data sharing is
not applicable to this article.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.

10.

11.

12.

13.

Mueller, R.L.; Sanborn, T.A. The history of interventional cardiology: Cardiac catheterization, angioplasty, and related interven-
tions. Am. Heart J. 1995, 129, 146-172. [CrossRef] [PubMed]

Ryan, T.]J. The coronary angiogram and its seminal contributions to cardiovascular medicine over five decades. Circulation 2002,
106, 752-756. [CrossRef] [PubMed]

Patel, M.R.; Peterson, E.D.; Dai, D.; Brennan, ].M.; Redberg, R.F.; Anderson, H.V,; Brindis, R.G.; Douglas, P.S. Low diagnostic yield
of elective coronary angiography. N. Engl. ]. Med. 2010, 362, 886-895. [CrossRef] [PubMed]

Newby, D.E.; Adamson, P.D.; Berry, C.; Boon, N.A.; Dweck, M.R.; Flather, M.; Forbes, J.; Hunter, A.; Lewis, S.; MacLean, S.; et al.
Coronary CT Angiography and 5-Year Risk of Myocardial Infarction. N. Engl. . Med. 2018, 379, 924-933. [CrossRef] [PubMed]
Williams, M.C.; Hunter, A.; Shah, A.S.V,; Assi, V.; Lewis, S.; Smith, J.; Berry, C.; Boon, N.A ; Clark, E.; Flather, M.; et al. Use of
Coronary Computed Tomographic Angiography to Guide Management of Patients With Coronary Disease. J. Am. Coll. Cardiol.
2016, 67, 1759-1768. [CrossRef] [PubMed]

Maurovich-Horvat, P.; Bosserdt, M.; Kofoed, K.F,; Rieckmann, N.; Benedek, T.; Donnelly, P.; Rodriguez-Palomares, J.; Erglis,
A étéchovsk}?, C,; gakalyte, G.; et al. CT or Invasive Coronary Angiography in Stable Chest Pain. N. Engl. ]. Med. 2022, 386,
1591-1602. [CrossRef] [PubMed]

Douglas, P.S.; Hoffmann, U.; Patel, M.R.; Mark, D.B.; Al-Khalidi, H.R.; Cavanaugh, B.; Cole, J.; Dolor, R.J.; Fordyce, C.B.; Huang,
M.; et al. Outcomes of anatomical versus functional testing for coronary artery disease. N. Engl. ]. Med. 2015, 372, 1291-1300.
[CrossRef] [PubMed]

Chang, H.-J; Lin, EY.; Gebow, D.; An, H.Y.; Andreini, D.; Bathina, R.; Baggiano, A.; Beltrama, V.; Cerci, R.; Choi, E.-Y.; et al.
Selective Referral Using CCTA Versus Direct Referral for Individuals Referred to Invasive Coronary Angiography for Suspected
CAD: A Randomized, Controlled, Open-Label Trial. JACC Cardiovasc. Imaging 2019, 12, 1303-1312. [CrossRef] [PubMed]
Douglas, P.S.; Nanna, M.G.; Kelsey, M.D.; Yow, E.; Mark, D.B.; Patel, M.R.; Rogers, C.; Udelson, J.E.; Fordyce, C.B.; Curzen, N;
et al. Comparison of an Initial Risk-Based Testing Strategy vs Usual Testing in Stable Symptomatic Patients With Suspected
Coronary Artery Disease: The PRECISE Randomized Clinical Trial. JAMA Cardiol. 2023, 8, 904-914. [CrossRef] [PubMed]
Nagel, E.; Greenwood, J.P.; McCann, G.P,; Bettencourt, N.; Shah, A.M.; Hussain, S.T.; Perera, D.; Plein, S.; Bucciarelli-Ducci,
C.; Paul, M,; et al. Magnetic Resonance Perfusion or Fractional Flow Reserve in Coronary Disease. N. Engl. . Med. 2019, 380,
2418-2428. [CrossRef] [PubMed]

Gulati, M,; Levy, PD.; Mukherjee, D.; Amsterdam, E.; Bhatt, D.L.; Birtcher, K K.; Blankstein, R.; Boyd, ]J.; Bullock-Palmer, R.P;
Conejo, T.; et al. 2021 AHA/ACC/ASE/CHEST/SAEM/SCCT/SCMR Guideline for the Evaluation and Diagnosis of Chest Pain:
A Report of the American College of Cardiology/American Heart Association Joint Committee on Clinical Practice Guidelines. J.
Am. Coll. Cardiol. 2021, 78, e187—-e285. [CrossRef] [PubMed]

Vrints, C.; Andreotti, F.; Koskinas, K.C.; Rossello, X.; Adamo, M.; Ainslie, J.; Banning, A.P.; Budaj, A.; Buechel, R.R.; Chiariello,
G.A,; et al. 2024 ESC Guidelines for the management of chronic coronary syndromes. Eur. Heart |. 2024, 45, 3415-3537. [CrossRef]
[PubMed]

Maron, D.J.; Hochman, J.S.; Reynolds, H.R.; Bangalore, S.; O’Brien, S.M.; Boden, W.E.; Chaitman, B.R.; Senior, R.; Lépez-Sendén, J.;
Alexander, K.P; et al. Initial Invasive or Conservative Strategy for Stable Coronary Disease. N. Engl. ]. Med. 2020, 382, 1395-1407.
[CrossRef] [PubMed]

https://doi.org/10.3390/jcm15145723


https://doi.org/10.1016/0002-8703(95)90055-1
https://www.ncbi.nlm.nih.gov/pubmed/7817908
https://doi.org/10.1161/01.cir.0000024109.12658.d4
https://www.ncbi.nlm.nih.gov/pubmed/12163439
https://doi.org/10.1056/NEJMoa0907272
https://www.ncbi.nlm.nih.gov/pubmed/20220183
https://doi.org/10.1056/NEJMoa1805971
https://www.ncbi.nlm.nih.gov/pubmed/30145934
https://doi.org/10.1016/j.jacc.2016.02.026
https://www.ncbi.nlm.nih.gov/pubmed/27081014
https://doi.org/10.1056/NEJMoa2200963
https://www.ncbi.nlm.nih.gov/pubmed/35240010
https://doi.org/10.1056/NEJMoa1415516
https://www.ncbi.nlm.nih.gov/pubmed/25773919
https://doi.org/10.1016/j.jcmg.2018.09.018
https://www.ncbi.nlm.nih.gov/pubmed/30553687
https://doi.org/10.1001/jamacardio.2023.2595
https://www.ncbi.nlm.nih.gov/pubmed/37610731
https://doi.org/10.1056/NEJMoa1716734
https://www.ncbi.nlm.nih.gov/pubmed/31216398
https://doi.org/10.1016/j.jacc.2021.07.053
https://www.ncbi.nlm.nih.gov/pubmed/34756653
https://doi.org/10.1093/eurheartj/ehae177
https://www.ncbi.nlm.nih.gov/pubmed/39210710
https://doi.org/10.1056/NEJMoa1915922
https://www.ncbi.nlm.nih.gov/pubmed/32227755
https://doi.org/10.3390/jcm15145723

J. Clin. Med. 2026, 15, 5723 16 of 19

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Jones, D.A.; Beirne, A.-M.; Kelham, M.; Rathod, K.S.; Andiapen, M.; Wynne, L.; Godec, T.; Forooghi, N.; Ramaseshan, R.; Moon,
J.C; et al. Computed Tomography Cardiac Angiography Before Invasive Coronary Angiography in Patients With Previous
Bypass Surgery: The BYPASS-CTCA Trial. Circulation 2023, 148, 1371-1380. [CrossRef] [PubMed]

Serruys, PW.; Kageyama, S.; Pompilio, G.; Andreini, D.; Pontone, G.; Mushtagq, S.; La Meir, M.; De Mey, J.; Tanaka, K.; Doenst,
T,; et al. Coronary bypass surgery guided by computed tomography in a low-risk population. Eur. Heart |. 2024, 45, 1804-1815.
[CrossRef] [PubMed]

Hochman, J.S.; Anthopolos, R.; Reynolds, H.R.; Bangalore, S.; Xu, Y.; O’Brien, S.M.; Mavromichalis, S.; Chang, M.; Contreras, A.;
Rosenberg, Y.; et al. Survival After Invasive or Conservative Management of Stable Coronary Disease. Circulation 2023, 147, 8-19.
[CrossRef] [PubMed]

Fearon, W.E; Zimmermann, EM.; De Bruyne, B.; Piroth, Z.; van Straten, A.H.M.; Szekely, L.; Davidavicius, G.; Kalinauskas, G.;
Mansour, S.; Kharbanda, R.; et al. Fractional Flow Reserve-Guided PCI as Compared with Coronary Bypass Surgery. N. Engl. .
Med. 2022, 386, 128-137. [CrossRef] [PubMed]

Ali, Z.A.; Landmesser, U.; Maehara, A.; Matsumura, M.; Shlofmitz, R.A.; Guagliumi, G.; Price, M.J.; Hill, ] M.; Akasaka, T.;
Prati, F; et al. Optical Coherence Tomography-Guided versus Angiography-Guided PCI. N. Engl. ]. Med. 2023, 389, 1466—-1476.
[CrossRef] [PubMed]

Lee, ].M.; Choi, K.H.; Song, Y.B.; Lee, J.-Y.; Lee, S.-].; Lee, S.Y.; Kim, S.M.; Yun, K.H.; Cho, J.Y,; Kim, CJ; et al. Intravascular
Imaging-Guided or Angiography-Guided Complex PCI. N. Engl. ]. Med. 2023, 388, 1668-1679. [CrossRef] [PubMed]

Testa, L.; De la Torre Hernandez, ].M.; De Maria, G.L.; Jones, D.A.; Pifon-Esteban, P.; Campo, G.; Del Blanco, B.G.; Pan, M;
Garcia-Camarero, T.; Sardella, G.; et al. IVUS-Guided versus Angiography-Guided PCI in Unprotected Left Main Coronary
Disease. N. Engl. |. Med. 2026, 394, 2189-2199. [CrossRef] [PubMed]

Gotberg, M.; Christiansen, E.H.; Gudmundsdottir, .].; Sandhall, L.; Danielewicz, M.; Jakobsen, L.; Olsson, S.-E.; Ohagen, P;
Olsson, H.; Omerovic, E.; et al. Instantaneous Wave-free Ratio versus Fractional Flow Reserve to Guide PCI. N. Engl. |. Med. 2017,
376, 1813-1823. [CrossRef] [PubMed]

Davies, ].E.; Sen, S.; Dehbi, H.-M.; Al-Lamee, R.; Petraco, R.; Nijjer, S.S.; Bhindi, R.; Lehman, S.J.; Walters, D.; Sapontis, J.; et al.
Use of the Instantaneous Wave-free Ratio or Fractional Flow Reserve in PCI. N. Engl. |. Med. 2017, 376, 1824-1834. [CrossRef]
[PubMed]

Norgaard, B.L.; Leipsic, J.; Gaur, S.; Seneviratne, S.; Ko, B.S.; Ito, H.; Jensen, ] M.; Mauri, L.; De Bruyne, B.; Bezerra, H.; et al.
Diagnostic performance of noninvasive fractional flow reserve derived from coronary computed tomography angiography in
suspected coronary artery disease: The NXT trial (Analysis of Coronary Blood Flow Using CT Angiography: Next Steps). J. Am.
Coll. Cardiol. 2014, 63, 1145-1155. [CrossRef] [PubMed]

Patel, M.R.; Norgaard, B.L.; Fairbairn, T.A.; Nieman, K.; Akasaka, T.; Berman, D.S.; Raff, G.L.; Koweek, LM.H.; Pontone, G.;
Kawasaki, T.; et al. 1-Year Impact on Medical Practice and Clinical Outcomes of FFR(CT): The ADVANCE Registry. JACC
Cardiovasc. Imaging 2020, 13, 97-105. [CrossRef] [PubMed]

Douglas, PS.; Pontone, G.; Hlatky, M.A.; Patel, M.R.; Norgaard, B.L.; Byrne, R.A.; Curzen, N.; Purcell, I.; Gutberlet, M.; Rioufol, G.;
et al. Clinical outcomes of fractional flow reserve by computed tomographic angiography-guided diagnostic strategies vs. usual
care in patients with suspected coronary artery disease: The prospective longitudinal trial of FFR(CT): Outcome and resource
impacts study. Eur. Heart J. 2015, 36, 3359-3367. [CrossRef] [PubMed]

Curzen, N.; Nicholas, Z.; Stuart, B.; Wilding, S.; Hill, K.; Shambrook, J.; Eminton, Z.; Ball, D.; Barrett, C.; Johnson, L.; et al.
Fractional flow reserve derived from computed tomography coronary angiography in the assessment and management of stable
chest pain: The FORECAST randomized trial. Eur. Heart J. 2021, 42, 3844-3852. [CrossRef] [PubMed]

Si-Mohamed, S.A.; Boccalini, S.; Lacombe, H.; Diaw, A.; Varasteh, M.; Rodesch, P--A.; Dessouky, R.; Villien, M.; Tatard-Leitman, V.;
Bochaton, T.; et al. Coronary CT Angiography with Photon-counting CT: First-In-Human Results. Radiology 2022, 303, 303-313.
[CrossRef] [PubMed]

Mergen, V.; Sartoretti, T.; Baer-Beck, M.; Schmidt, B.; Petersilka, M.; Wildberger, J.E.; Euler, A.; Eberhard, M.; Alkadhi, H.
Ultra-High-Resolution Coronary CT Angiography With Photon-Counting Detector CT: Feasibility and Image Characterization.
Investig. Radiol. 2022, 57, 780-788. [CrossRef] [PubMed]

Oikonomou, E.K.; Marwan, M.; Desai, M.Y.; Mancio, J.; Alashi, A.; Centeno, E.H.; Thomas, S.; Herdman, L.; Kotanidis, C.P,;
Thomas, K.E.; et al. Non-invasive detection of coronary inflammation using computed tomography and prediction of residual
cardiovascular risk (the CRISP CT study): A post-hoc analysis of prospective outcome data. Lancet 2018, 392, 929-939. [CrossRef]
[PubMed]

Antonopoulos, A.S.; Sanna, F,; Sabharwal, N.; Thomas, S.; Oikonomou, E.K.; Herdman, L.; Margaritis, M.; Shirodaria, C.; Kampoli,
A.-M.; Akoumianakis, L; et al. Detecting human coronary inflammation by imaging perivascular fat. Sci. Transl. Med. 2017,
9, eaal2658. [CrossRef] [PubMed]

Williams, M.C.; Kwiecinski, J.; Doris, M.; McElhinney, P.; D’Souza, M.; Cadet, S.; Adamson, P.; Moss, A.].; Alam, S.; Hunter, A_; et al.
Low-Attenuation Noncalcified Plaque on Coronary Computed Tomography Angiography Predicts Myocardial Infarction: Results

https://doi.org/10.3390/jcm15145723


https://doi.org/10.1161/circulationaha.123.064465
https://www.ncbi.nlm.nih.gov/pubmed/37772419
https://doi.org/10.1093/eurheartj/ehae199
https://www.ncbi.nlm.nih.gov/pubmed/38583086
https://doi.org/10.1161/circulationaha.122.062714
https://www.ncbi.nlm.nih.gov/pubmed/36335918
https://doi.org/10.1056/NEJMoa2112299
https://www.ncbi.nlm.nih.gov/pubmed/34735046
https://doi.org/10.1056/NEJMoa2305861
https://www.ncbi.nlm.nih.gov/pubmed/37634188
https://doi.org/10.1056/NEJMoa2216607
https://www.ncbi.nlm.nih.gov/pubmed/36876735
https://doi.org/10.1056/NEJMoa2600440
https://www.ncbi.nlm.nih.gov/pubmed/41911017
https://doi.org/10.1056/NEJMoa1616540
https://www.ncbi.nlm.nih.gov/pubmed/28317438
https://doi.org/10.1056/NEJMoa1700445
https://www.ncbi.nlm.nih.gov/pubmed/28317458
https://doi.org/10.1016/j.jacc.2013.11.043
https://www.ncbi.nlm.nih.gov/pubmed/24486266
https://doi.org/10.1016/j.jcmg.2019.03.003
https://www.ncbi.nlm.nih.gov/pubmed/31005540
https://doi.org/10.1093/eurheartj/ehv444
https://www.ncbi.nlm.nih.gov/pubmed/26330417
https://doi.org/10.1093/eurheartj/ehab444
https://www.ncbi.nlm.nih.gov/pubmed/34269376
https://doi.org/10.1148/radiol.211780
https://www.ncbi.nlm.nih.gov/pubmed/35166583
https://doi.org/10.1097/rli.0000000000000897
https://www.ncbi.nlm.nih.gov/pubmed/35640019
https://doi.org/10.1016/s0140-6736(18)31114-0
https://www.ncbi.nlm.nih.gov/pubmed/30170852
https://doi.org/10.1126/scitranslmed.aal2658
https://www.ncbi.nlm.nih.gov/pubmed/28701474
https://doi.org/10.3390/jcm15145723

J. Clin. Med. 2026, 15, 5723 17 of 19

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

From the Multicenter SCOT-HEART Trial (Scottish Computed Tomography of the HEART). Circulation 2020, 141, 1452-1462.
[CrossRef] [PubMed]

Lin, A.; Manral, N.; McElhinney, P; Killekar, A.; Matsumoto, H.; Kwiecinski, J.; Pieszko, K.; Razipour, A.; Grodecki, K.; Park, C.;
et al. Deep learning-enabled coronary CT angiography for plaque and stenosis quantification and cardiac risk prediction: An
international multicentre study. Lancet Digit. Health 2022, 4, €256—€265. [CrossRef] [PubMed]

Byrne, R.A.; Rossello, X.; Coughlan, J.J.; Barbato, E.; Berry, C.; Chieffo, A.; Claeys, M.].; Dan, G.A.; Dweck, M.R.; Galbraith,
M.; et al. 2023 ESC Guidelines for the management of acute coronary syndromes. Eur. Heart ]. 2023, 44, 3720-3826. [CrossRef]
[PubMed]

Bhatt, D.L.; Lopes, R.D.; Harrington, R.A. Diagnosis and Treatment of Acute Coronary Syndromes: A Review. JAMA 2022, 327,
662—675. [CrossRef] [PubMed]

Galassi, A.R.; Werner, G.S.; Boukhris, M.; Azzalini, L.; Mashayekhi, K.; Carlino, M.; Avran, A.; Konstantinidis, N.V.; Grancini, L.;
Bryniarski, L.; et al. Percutaneous recanalisation of chronic total occlusions: 2019 consensus document from the EuroCTO Club.
Eurolntervention 2019, 15, 198-208. [CrossRef] [PubMed]

Xu, B,; Tu, S; Song, L.; Jin, Z.; Yu, B.; Fu, G.; Zhou, Y.; Wang, J.; Chen, Y.; Pu, J.; et al. Angiographic quantitative flow ratio-
guided coronary intervention (FAVOR III China): A multicentre, randomised, sham-controlled trial. Lancet 2021, 398, 2149-2159.
[CrossRef] [PubMed]

Bangalore, S.; Maron, D.J.; O’Brien, S.M.; Fleg, ].L.; Kretov, E.I; Briguori, C.; Kaul, U.; Reynolds, H.R.; Mazurek, T.; Sidhu, M.S.;
et al. Management of Coronary Disease in Patients with Advanced Kidney Disease. N. Engl. J. Med. 2020, 382, 1608-1618.
[CrossRef] [PubMed]

Perera, D.; Clayton, T.; O’Kane, P.D.; Greenwood, J.P.; Weerackody, R.; Ryan, M.; Morgan, H.P.; Dodd, M.; Evans, R.; Canter, R,;
et al. Percutaneous Revascularization for Ischemic Left Ventricular Dysfunction. N. Engl. |. Med. 2022, 387, 1351-1360. [CrossRef]
[PubMed]

Ford, T].; Stanley, B.; Good, R.; Rocchiccioli, P.; McEntegart, M.; Watkins, S.; Eteiba, H.; Shaukat, A.; Lindsay, M.; Robertson, K.;
et al. Stratified Medical Therapy Using Invasive Coronary Function Testing in Angina: The CorMicA Trial. ]. Am. Coll. Cardiol.
2018, 72, 2841-2855. [CrossRef] [PubMed]

Achenbach, S.; Delgado, V.; Hausleiter, J.; Schoenhagen, P.; Min, ].K.; Leipsic, ].A. SCCT expert consensus document on computed
tomography imaging before transcatheter aortic valve implantation (TAVI)/transcatheter aortic valve replacement (TAVR). J.
Cardiovasc. Comput. Tomogr. 2012, 6, 366-380. [CrossRef] [PubMed]

Blanke, P.; Weir-McCall, J.R.; Achenbach, S.; Delgado, V.; Hausleiter, J.; Jilaithawi, H.; Marwan, M.; Nergaard, B.L.; Piazza,
N.; Schoenhagen, P; et al. Computed Tomography Imaging in the Context of Transcatheter Aortic Valve Implantation
(TAVI)/Transcatheter Aortic Valve Replacement (TAVR): An Expert Consensus Document of the Society of Cardiovascular
Computed Tomography. JACC Cardiovasc. Imaging 2019, 12, 1-24. [CrossRef] [PubMed]

Ribeiro, H.B.; Rodés-Cabau, ].; Blanke, P.; Leipsic, J.; Park, ].K.; Bapat, V.; Makkar, R.; Simonato, M.; Barbanti, M.; Schofer, J.;
et al. Incidence, predictors, and clinical outcomes of coronary obstruction following transcatheter aortic valve replacement for
degenerative bioprosthetic surgical valves: Insights from the VIVID registry. Eur. Heart ]. 2018, 39, 687-695. [CrossRef] [PubMed]
Khan, ].M.; Greenbaum, A.B.; Babaliaros, V.C.; Rogers, T.; Eng, M.H.; Paone, G.; Leshnower, B.G.; Reisman, M.; Satler, L.;
Waksman, R.; et al. The BASILICA Trial: Prospective Multicenter Investigation of Intentional Leaflet Laceration to Prevent TAVR
Coronary Obstruction. JACC Cardiovasc. Interv. 2019, 12, 1240-1252. [CrossRef] [PubMed]

Tang, G.H.L.; Zaid, S.; Fuchs, A.; Yamabe, T.; Yazdchi, F; Gupta, E.; Ahmad, H.; Kofoed, K.F.; Goldberg, ].B.; Undemir, C.; et al.
Alignment of Transcatheter Aortic-Valve Neo-Commissures (ALIGN TAVR): Impact on Final Valve Orientation and Coronary
Artery Overlap. JACC Cardiovasc. Interv. 2020, 13, 1030-1042. [CrossRef] [PubMed]

Diller, G.-P.; Gerwing, M.; Boroni Grazioli, S.; De-Torres-Alba, F.; Radke, R.M.; Vormbrock, J.; Baumgartner, H.; Kaleschke,
G.; Orwat, S. Utility of Coronary Computed Tomography Angiography in Patients Undergoing Transcatheter Aortic Valve
Implantation: A Meta-Analysis and Meta-Regression Based on Published Data from 7458 Patients. . Clin. Med. 2024, 13, 631.
[CrossRef] [PubMed]

Jensen, R.V,; Jensen, ].M,; Iraqi, N.; Grove, E.L.; Mathiassen, O.N.; Pedersen, K.B.; Parner, E.; Leipsic, J.; Terkelsen, C.J.; Norgaard,
B.L.; et al. Coronary CT angiography instead of invasive angiography before TAVI: Feasibility and outcomes. Int. J. Cardiol. 2025,
419, 132694. [CrossRef] [PubMed]

Praz, F; Borger, M.A.; Lanz, J.; Marin-Cuartas, M.; Abreu, A.; Adamo, M.; Marsan, N.A; Barili, F; Bonaros, N.; Cosyns, B.;
et al. 2025 ESC/EACTS Guidelines for the management of valvular heart disease. Eur. Heart J. 2025, 46, 4635-4736. [CrossRef]
[PubMed]

van den Boogert, T.P.W.; Vendrik, J.; Claessen, B.E.P.M.; Baan, J.; Beijk, M.A.; Limpens, ].; Boekholdt, S.A.M.; Hoek, R.; Planken,
R.N.; Henriques, J.P,; et al. CTCA for detection of significant coronary artery disease in routine TAVI work-up: A systematic
review and meta-analysis. Neth. Heart ]. 2018, 26, 591-599. [CrossRef] [PubMed]

https://doi.org/10.3390/jcm15145723


https://doi.org/10.1161/circulationaha.119.044720
https://www.ncbi.nlm.nih.gov/pubmed/32174130
https://doi.org/10.1016/s2589-7500(22)00022-x
https://www.ncbi.nlm.nih.gov/pubmed/35337643
https://doi.org/10.1093/eurheartj/ehad191
https://www.ncbi.nlm.nih.gov/pubmed/37622654
https://doi.org/10.1001/jama.2022.0358
https://www.ncbi.nlm.nih.gov/pubmed/35166796
https://doi.org/10.4244/eij-d-18-00826
https://www.ncbi.nlm.nih.gov/pubmed/30636678
https://doi.org/10.1016/s0140-6736(21)02248-0
https://www.ncbi.nlm.nih.gov/pubmed/34742368
https://doi.org/10.1056/NEJMoa1915925
https://www.ncbi.nlm.nih.gov/pubmed/32227756
https://doi.org/10.1056/NEJMoa2206606
https://www.ncbi.nlm.nih.gov/pubmed/36027563
https://doi.org/10.1016/j.jacc.2018.09.006
https://www.ncbi.nlm.nih.gov/pubmed/30266608
https://doi.org/10.1016/j.jcct.2012.11.002
https://www.ncbi.nlm.nih.gov/pubmed/23217460
https://doi.org/10.1016/j.jcmg.2018.12.003
https://www.ncbi.nlm.nih.gov/pubmed/30621986
https://doi.org/10.1093/eurheartj/ehx455
https://www.ncbi.nlm.nih.gov/pubmed/29020413
https://doi.org/10.1016/j.jcin.2019.03.035
https://www.ncbi.nlm.nih.gov/pubmed/31202947
https://doi.org/10.1016/j.jcin.2020.02.005
https://www.ncbi.nlm.nih.gov/pubmed/32192985
https://doi.org/10.3390/jcm13020631
https://www.ncbi.nlm.nih.gov/pubmed/38276138
https://doi.org/10.1016/j.ijcard.2024.132694
https://www.ncbi.nlm.nih.gov/pubmed/39489346
https://doi.org/10.1093/eurheartj/ehaf194
https://www.ncbi.nlm.nih.gov/pubmed/40878295
https://doi.org/10.1007/s12471-018-1149-6
https://www.ncbi.nlm.nih.gov/pubmed/30178209
https://doi.org/10.3390/jcm15145723

J. Clin. Med. 2026, 15, 5723 18 of 19

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Otto, C.M.; Nishimura, R.A.; Bonow, R.O.; Carabello, B.A.; Erwin, ].P, III; Gentile, F.; Jneid, H.; Krieger, E.V.; Mack, M.; McLeod,
C.; et al. 2020 ACC/AHA Guideline for the Management of Patients With Valvular Heart Disease: A Report of the American
College of Cardiology/American Heart Association Joint Committee on Clinical Practice Guidelines. J. Am. Coll. Cardiol. 2021, 77,
e25-e197. [CrossRef] [PubMed]

Lenborg, J.; Jabbari, R.; Sabbah, M.; Veien, K.T.; Niemeld, M.; Freeman, P,; Linder, R.; Ioanes, D.; Terkelsen, C.J.; Kajander, O.A;
et al. PCI in Patients Undergoing Transcatheter Aortic-Valve Implantation. N. Engl. |. Med. 2024, 391, 2189-2200. [CrossRef]
[PubMed]

Saw, J.; Fahmy, P.; Spencer, R.; Prakash, R.; McLaughlin, P.; Nicolaou, S.; Tsang, M. Comparing Measurements of CT Angiography,
TEE, and Fluoroscopy of the Left Atrial Appendage for Percutaneous Closure. J. Cardiovasc. Electrophysiol. 2016, 27, 414—422.
[CrossRef] [PubMed]

De Backer, O.; Iriart, X.; Kefer, J.; Nielsen-Kudsk, J.E.; Aminian, A.; Rosseel, L.; Kofoed, K.F,; Odenstedyt, J.; Berti, S.; Saw, J.; et al.
Impact of Computational Modeling on Transcatheter Left Atrial Appendage Closure Efficiency and Outcomes. JACC Cardiovasc.
Interv. 2023, 16, 655-666. [CrossRef] [PubMed]

Naoum, C.; Blanke, P.; Cavalcante, ].L.; Leipsic, J. Cardiac Computed Tomography and Magnetic Resonance Imaging in the
Evaluation of Mitral and Tricuspid Valve Disease: Implications for Transcatheter Interventions. Circ. Cardiovasc. Imaging 2017, 10,
€005331. [CrossRef] [PubMed]

Wang, D.D.; Eng, M.; Greenbaum, A.; Myers, E.; Forbes, M.; Pantelic, M.; Song, T.; Nelson, C.; Divine, G.; Taylor, A.; et al.
Predicting LVOT Obstruction After TMVR. JACC Cardiovasc. Imaging 2016, 9, 1349-1352. [CrossRef] [PubMed]

Guerrero, M.; Urefia, M.; Wang, D.D.; Eleid, M.; Kodali, S.; George, I.; Chakravarty, T.; Mathur, M.; Holzhey, D.; Pershad, A.; et al.
1-Year Outcomes of Transcatheter Mitral Valve Replacement in Patients With Severe Mitral Annular Calcification. J. Am. Coll.
Cardiol. 2018, 71, 1841-1853. [CrossRef] [PubMed]

Van Rosendael, PJ.; Kamperidis, V.; Kong, W.K.F.; van Rosendael, A.R.; van der Kley, F.; Marsan, N.A.; Delgado, V.; Bax, ].J.
Computed tomography for planning transcatheter tricuspid valve therapy. Eur. Heart ]. 2017, 38, 665-674. [CrossRef] [PubMed]
Erbel, R.; Aboyans, V.; Boileau, C.; Bossone, E.; Di Bartolomeo, R.; Eggebrecht, H.; Evangelista, A.; Falk, V.; Frank, H.; Gaemperli,
O.; et al. 2014 ESC Guidelines on the diagnosis and treatment of aortic diseases: Document covering acute and chronic aortic
diseases of the thoracic and abdominal aorta of the adult. The Task Force for the Diagnosis and Treatment of Aortic Diseases of
the European Society of Cardiology (ESC). Eur. Heart ]. 2014, 35, 2873-2926. [CrossRef] [PubMed]

Goldstein, S.A.; Evangelista, A.; Abbara, S.; Arai, A.; Asch, S.A.; Hundley, W.G.; Lang, R.; Lindsay, T.H.; Pearson, S.D.; Shah, S.J.;
et al. Multimodality imaging of diseases of the thoracic aorta in adults: From the American Society of Echocardiography and
the European Association of Cardiovascular Imaging: Endorsed by the Society of Cardiovascular Computed Tomography and
Society for Cardiovascular Magnetic Resonance. J. Am. Soc. Echocardiogr. 2015, 28, 119-182. [CrossRef] [PubMed]

Isselbacher, E.M.; Preventza, O.; Black, ].H., III; Augoustides, J.G.; Beck, A.W.; Bolen, M.A_; Braverman, A.C.; Bray, B.E.; Brown-
Zimmerman, M.M.; Chen, E.P; et al. 2022 ACC/AHA Guideline for the Diagnosis and Management of Aortic Disease: A Report
of the American Heart Association/American College of Cardiology Joint Committee on Clinical Practice Guidelines. ]. Am. Coll.
Cardiol. 2022, 80, €223-e393. [CrossRef] [PubMed]

Vural, K.M.; Sener, E.; Tagdemir, O. Long-term patency of sequential and individual saphenous vein coronary bypass grafts. Eur.
J. Cardiothorac. Surg. 2001, 19, 140-144. [CrossRef] [PubMed]

Desai, N.D.; Naylor, C.D.; Kiss, A.; Cohen, E.A.; Feder-Elituv, R.; Miwa, S.; Radhakrishnan, S.; Dubbin, J.; Schwartz, L.; Fremes,
S.E.; et al. Impact of patient and target-vessel characteristics on arterial and venous bypass graft patency: Insight from a
randomized trial. Circulation 2007, 115, 684-691. [CrossRef] [PubMed]

Glas, K.E.; Swaminathan, M.; Reeves, S.T.; Shanewise, ].S.; Rubenson, D.; Smith, P.K.; Mathew, ].P,; Shernan, S.K. Guidelines for
the performance of a comprehensive intraoperative epiaortic ultrasonographic examination: Recommendations of the American
Society of Echocardiography and the Society of Cardiovascular Anesthesiologists; endorsed by the Society of Thoracic Surgeons.
J. Am. Soc. Echocardiogr. 2007, 20, 1227-1235. [CrossRef] [PubMed]

Van Zaane, B.; Zuithoff, N.P.; Reitsma, J.B.; Bax, L.; Nierich, A.P.; Moons, K.G. Meta-analysis of the diagnostic accuracy of
transesophageal echocardiography for assessment of atherosclerosis in the ascending aorta in patients undergoing cardiac surgery.
Acta Anaesthesiol. Scand. 2008, 52, 1179-1187. [CrossRef] [PubMed]

Serruys, PW.; Morice, M.-C.; Kappetein, A.P.; Colombo, A.; Holmes, D.R.; Mack, M.].; Stahle, E.; Feldman, T.E.; van den Brand,
M.; Bass, E.J; et al. Percutaneous coronary intervention versus coronary-artery bypass grafting for severe coronary artery disease.
N. Engl. ]. Med. 2009, 360, 961-972. [CrossRef] [PubMed]

Lawton, J.S.; Tamis-Holland, J.E.; Bangalore, S.; Bates, E.R.; Beckie, T.M.; Bischoff, ].M.; Bittl, ].A.; Cohen, M.G.; DiMaio, ].M.;
Don, C.W,; et al. 2021 ACC/AHA /SCAI Guideline for Coronary Artery Revascularization: A Report of the American College of
Cardiology/American Heart Association Joint Committee on Clinical Practice Guidelines. J. Am. Coll. Cardiol. 2022, 79, e21-e129.
[CrossRef] [PubMed]

https://doi.org/10.3390/jcm15145723


https://doi.org/10.1016/j.jacc.2020.11.018
https://www.ncbi.nlm.nih.gov/pubmed/33342586
https://doi.org/10.1056/NEJMoa2401513
https://www.ncbi.nlm.nih.gov/pubmed/39216095
https://doi.org/10.1111/jce.12909
https://www.ncbi.nlm.nih.gov/pubmed/26728988
https://doi.org/10.1016/j.jcin.2023.01.008
https://www.ncbi.nlm.nih.gov/pubmed/36990554
https://doi.org/10.1161/circimaging.116.005331
https://www.ncbi.nlm.nih.gov/pubmed/28292860
https://doi.org/10.1016/j.jcmg.2016.01.017
https://www.ncbi.nlm.nih.gov/pubmed/27209112
https://doi.org/10.1016/j.jacc.2018.02.054
https://www.ncbi.nlm.nih.gov/pubmed/29699609
https://doi.org/10.1093/eurheartj/ehw499
https://www.ncbi.nlm.nih.gov/pubmed/27807057
https://doi.org/10.1093/eurheartj/ehu281
https://www.ncbi.nlm.nih.gov/pubmed/25173340
https://doi.org/10.1016/j.echo.2014.11.015
https://www.ncbi.nlm.nih.gov/pubmed/25623219
https://doi.org/10.1016/j.jacc.2022.08.004
https://www.ncbi.nlm.nih.gov/pubmed/36334952
https://doi.org/10.1016/s1010-7940(00)00629-1
https://www.ncbi.nlm.nih.gov/pubmed/11167102
https://doi.org/10.1161/circulationaha.105.567495
https://www.ncbi.nlm.nih.gov/pubmed/17283268
https://doi.org/10.1016/j.echo.2007.09.001
https://www.ncbi.nlm.nih.gov/pubmed/17983940
https://doi.org/10.1111/j.1399-6576.2008.01694.x
https://www.ncbi.nlm.nih.gov/pubmed/18823455
https://doi.org/10.1056/NEJMoa0804626
https://www.ncbi.nlm.nih.gov/pubmed/19228612
https://doi.org/10.1016/j.jacc.2021.09.006
https://www.ncbi.nlm.nih.gov/pubmed/34895950
https://doi.org/10.3390/jcm15145723

J. Clin. Med. 2026, 15, 5723 19 of 19

66.

67.

68.

69.

Hamon, M.; Lepage, O.; Malagutti, P.; Riddell, ].W.; Morello, R.; Agostini, D.; Hamon, M. Diagnostic performance of 16- and
64-section spiral CT for coronary artery bypass graft assessment: Meta-analysis. Radiology 2008, 247, 679-686. [CrossRef]
[PubMed]

Pontone, G.; Rossi, A.; Guglielmo, M.; Dweck, M.R.; Gaemperli, O.; Nieman, K.; Pugliese, F.; Maurovich-Horvat, P.; Gimelli, A;
Cosyns, B.; et al. Clinical applications of cardiac computed tomography: A consensus paper of the European Association of
Cardiovascular Imaging-part I. Eur. Heart ]. Cardiovasc. Imaging 2022, 23, 299-314. [CrossRef] [PubMed]

Dewey, M.; Rief, M.; Martus, P.; Kendziora, B.; Feger, S.; Dreger, H.; Priem, S.; Knebel, F.; Bohm, M.; Schlattmann, P.; et al.
Evaluation of computed tomography in patients with atypical angina or chest pain clinically referred for invasive coronary
angiography: Randomised controlled trial. BM] 2016, 355, i5441. [CrossRef] [PubMed]

Cury, R.C,; Leipsic, ].; Abbara, S.; Achenbach, S.; Berman, D.; Bittencourt, M.; Budoff, M.; Chinnaiyan, K.; Choi, A.D.; Ghoshhajra,
B.; et al. CAD-RADS™ 2.0-2022 Coronary Artery Disease-Reporting and Data System: An Expert Consensus Document of the
Society of Cardiovascular Computed Tomography (SCCT), the American College of Cardiology (ACC), the American College
of Radiology (ACR), and the North America Society of Cardiovascular Imaging (NASCI). JACC Cardiovasc Imaging 2022, 15,
1974-2001. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/jcm15145723


https://doi.org/10.1148/radiol.2473071132
https://www.ncbi.nlm.nih.gov/pubmed/18403629
https://doi.org/10.1093/ehjci/jeab293
https://www.ncbi.nlm.nih.gov/pubmed/35076061
https://doi.org/10.1136/bmj.i5441
https://www.ncbi.nlm.nih.gov/pubmed/27777234
https://doi.org/10.1016/j.jcmg.2022.07.002
https://www.ncbi.nlm.nih.gov/pubmed/36115815
https://doi.org/10.3390/jcm15145723

	Introduction 
	Methods 
	Coronary Artery Disease 
	Stable Chest Pain Pathways 
	Planning Revascularization 
	Invasive Physiology and Intracoronary Imaging 
	Advances in Technology and Their Current Limits 
	Acute and Procedural Settings 
	Coronary Angiography Without Obstructive Coronary Disease 

	Valve Disease 
	Structural Heart Disease 
	Aortic Disease 
	Settings in Which ICA Remains First-Line 
	The Operative Envelope: What CCTA Does Not Yet Deliver tothe Surgeon 
	Discussion 
	Future Directions 
	Conclusions 
	References

