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Abstract

Intravascular optical coherence tomography (OCT) has represented a revolutionary invasive imaging method, offering in vivo high-
resolution cross-sectional views of human coronary arteries, thereby promoting a significant evolution in the understanding of vascular
biology in both acute and chronic coronary pathologies. Since the development of OCT in the early 1990s, this technique has provided
detailed insights into vascular biology, enabling a more thorough assessment of coronary artery disease (CAD) and the impact of per-
cutaneous coronary intervention (PCI). Moreover, a series of recent clinical trials has consistently demonstrated the clinical benefits of
intravascular imaging (IVI) and OCT-guided PCI, showing improved outcomes compared to angiography-guided procedures, particu-
larly in cases of complex coronary pathology. Nonetheless, despite the advantages of OCT, several limitations remain, including limited
penetration depth and the necessity for additional contrast agent administration, which may potentially constrain the widespread adoption
of OCT. Moreover, economic and logistical challenges remain, including heterogeneous levels of training among interventional cardi-
ologists, which leads to the underutilization of OCT in the Western world. Meanwhile, emerging technologies and the integration of
machine learning and artificial intelligence-based algorithms are set to enhance diagnostic accuracy in daily practice. Future research is
necessary to address existing limitations and investigate next-generation devices, further advancing the field of interventional cardiology
toward optimal imaging-guided PCI and improved outcomes.
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1. Introduction national- and industry-based registries, IVI is used in ~85%
of PCI cases in Japan compared to ~25% in UK (the high-
est in the western countries), 15% in the USA and 10—
15% in most European countries [6—9], with great variabil-
ity among centers in each country. The issue of the low
IVI uptake is multifaceted. Generally, the reimbursement
framework is one of the major barriers to the adoption of
new technologies. In Japan, the approval of new medical
devices is based on non-inferiority criteria; in most other
countries, reimbursement policies often require extensive
cost-effectiveness and clinical utility data before approval
[10]. This, for example, led to the early adoption of IVUS in
Japan, with reimbursement beginning in 1994, which paved
the way for the widespread national application of the tech-
nology. Administrators may also be reluctant to invest in
IVI technologies due to the associated costs, particularly
if the perceived return on investment is unclear. Despite
the differences in reimbursement protocols between coun-
tries and between healthcare models, several studies have
already shown a favorable cost—benefit impact of IVI [11—

Nonetheless, the use of IVI is not equally widespread 13]. However, while reimbursement policies are key limits
worldwide. According to the latest data available from

Coronary artery disease (CAD) represents one of the
leading causes of morbidity and mortality in the Western
world, posing a significant burden on patients and health-
care systems [1,2]. In this context, percutaneous coronary
intervention (PCI) represents the cornerstone treatment of
obstructive CAD. Since the first PCI in 1977, there has been
a constant drive to develop the technique further, integrate
novel therapeutic tools, and improve short- and long-term
clinical outcomes [3]. Consequently, intravascular imaging
(IVI) technologies, such as intravascular ultrasound (IVUS)
and optical coherence tomography (OCT), have been de-
veloped to enhance the understanding of the vessel wall
anatomy beyond the limitations of coronary angiography
[4]. IVI has subsequently emerged as a revolutionary ad-
vancement, comprising a near-histological resolution imag-
ing technique that provides detailed cross-sectional images
of the coronary artery wall and overcomes the limitations
of traditional coronary angiography [5].
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for a broader uptake of these tools, other relevant barriers
continue to impact IVI. Adequate exposure to IVI during
the training period is critical, as the additional information
derived from intracoronary imaging can be overwhelming
for operators not accustomed to the technique. Further-
more, discerning what matters most and reacting accord-
ingly can also be challenging. Moreover, operators may
be convinced that their angiography-guided procedures are
already optimal, while the same operator rarely witnesses
longer-term PCl-related events. IVI challenges these be-
liefs and may create cognitive dissonance [14]: operators
may try to avoid situations and information that would
likely increase such conflicts with their convictions. Im-
portant steps can be taken to overcome these obstacles fur-
ther and support a wider adoption of IVI: (1) the develop-
ment of enhanced education and training models to improve
imaging interpretation skills; (2) dissemination of the ex-
isting health economic data and create new evidence to im-
plement current clinical practice guidelines recommenda-
tions and dispel the assumption of increased cost as a barrier
to utilization; (3) fostering the engagement and training of
the whole team in the catheterization laboratory, including
nurses and technicians, to optimize the workflow and make
the use of IVI even more efficient [6].

Despite these barriers, the use of IVI and OCT is cru-
cial in healthcare to ensure the best outcomes possible for
patients. The current review aims to explore the evolution
of OCT technology and evaluate its current applications and
remaining limitations. Furthermore, the emergence of next-
generation devices that can further expand the utility of this
technology will be discussed.

2. The Evolution of OCT

Intravascular OCT is an imaging modality that
uses near-infrared light to provide high-definition, cross-
sectional, and three-dimensional (3D) images of the coro-
nary arteries. This method was first conceived in 1991
by Professor James Fujimoto at Massachusetts Institute of
Technology (MIT), while the technology was further devel-
oped and integrated into clinical practice in 1998 by a team
that included MIT scientists Brett Bouma and Guillermo
Tearney, along with cardiologist Ik-Kyung Jang, at Mas-
sachusetts General Hospital [15]. The first clinically avail-
able devices utilized time-domain detection (TD-OCT) for
image acquisition, resulting in a slow image acquisition
rate (maximum pullback speed of 2 mm/s) and requir-
ing proximal vessel occlusion and distal saline infusion
through a dedicated balloon. These important technologi-
cal drawbacks were overcome in 2006 with the introduction
of frequency-domain OCT (FD-OCT), which introduced a
more user-friendly device with faster image acquisition (20
mm/s) and without the need for complete blood flow oc-
clusion to the field. Within the last few decades, OCT has
facilitated a more comprehensive understanding of vascu-
lar biology thanks to the high spatial resolution (10-20 um),

which has provided detailed information on the pathophys-
iology of atherosclerosis and the underlying physiopatho-
logical mechanisms of CAD, such as plaque erosion, neo-
atherosclerosis, and stent thrombosis [16]. Additionally,
OCT is a valuable tool for guiding PCI and optimizing
outcomes, especially in more complex scenarios, such as
bifurcations and calcified lesions. OCT allows more ef-
fective visualization and characterization of calcified le-
sions, providing valuable information on which the tech-
nique can be more appropriate to use for plaque modifica-
tion (e.g., rotational atherectomy, intravascular lithotripsy,
orbital atherectomy, or cutting and scoring balloons), and
achieving improved outcomes in patients with complex
coronary artery lesions [17].

A large series of registries, randomized clinical trials
(RCTs), and meta-analyses support the use of OCT in the
catheterization laboratory. Therefore, every interventional
cardiologist needs to be well-acquainted with this technol-

ogy.

3. IVUS vs. OCT

In the spectrum of IVI, two essential modalities are
available: IVUS and OCT, each with distinct principles and
technical specifications. IVUS is based on the propaga-
tion and reflection of high-frequency sound waves within
coronary vessels to generate cross-sectional images. The
first phased-array IVUS catheters were introduced in the
clinical field in the early 1990s, with low-resolution imag-
ing (2040 MHz, 100-200 um axial resolution). More re-
cently, high-frequency (up to 65 MHz) and dual-frequency
catheters (35/65 MHz), developed using asymmetric elec-
trodes for improved beam profiles, have been introduced,
allowing higher-resolution quality imaging (22—40 pm ax-
ial resolution) while maintaining deep tissue penetration
[15]. Conversely, OCT operates on the principles of low-
coherence interferometry, employing near-infrared light-
emitting catheters that typically work with wavelengths
around 1300 nm. These beams of light diverge into two
arms: one directed toward the coronary tissue under exami-
nation (the sample arm) and another toward a reference mir-
ror (the reference arm). Light reflected from both the sam-
ple and reference arms recombines, creating an interference
pattern. OCT measures the interference pattern to construct
detailed cross-sectional images. This pattern is highly sen-
sitive to variations in the path length of the reflected light,
allowing OCT to achieve an exceptional resolution [16,17].
However, due to their technical specificities and differences
in clinical practice, their application does not completely
overlap [18]. IVUS offers a superior penetration depth, es-
pecially relevant in large vessels (e.g., the left main), and
is instrumental in characterizing coronary wall remodeling
secondary to CAD progression (i.e., positive vs. negative
remodeling). Since no additional administration of contrast
is necessary, IVUS can be crucial for assessing and treat-
ing spontaneous coronary artery dissections in cases of un-
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Fig. 1. Optical coherence tomography (OCT)-guided percutaneous coronary intervention (PCI) optimization. (A) Good angio-

graphic result after double kissing crush technique for a left anterior descending artery and diagonal branch bifurcation in the Optical
Coherence Tomography Optimized Bifurcation Event Reduction (OCTOBER) study; meanwhile, the OCT pullback identified the pres-
ence of stent underexpansion, a protruding mass (likely calcium), and relevant proximal strut malapposition. (B) After OCT-guided

optimization, there was no significant angiographic difference; however, at OCT, it is evident that the stent underexpansion has been

successfully corrected, with no protruding masses and appropriate strut apposition proximally. *Wire artifact.

certain angiographic diagnosis [19] or for navigating and
wiring the intra- and extraluminal spaces in cases of chronic
total occlusions [20,21]. Finally, IVUS can be an excep-
tional tool to achieve optimal results in patients with severe
renal dysfunction and complex lesions that require interven-
tion [22]. OCT stands out with its exceptional resolution,
enabling the precise assessment of microstructures within
the coronary vessel wall, which is crucial for evaluating
plaque vulnerability, macrophage infiltration, and detect-
ing the most subtle intimal disruptions [23]. Moreover, in
cases of a high calcium burden, OCT allows a more precise
analysis of plaque distribution and differentiation [24]. Fi-
nally, the detailed visualization of coronary stents, whether
immediately after implantation or at longer-term follow-up,
precise stent optimization during PCI, and the assessment of
strut coverage and stent failure at follow-up are specific ap-
plications where OCT can be of great benefit [25,26]. An
example of OCT-guided stent optimization is presented in
Fig. 1. A technical comparison between current-generation
IVUS and OCT systems, along with respective potential ad-
vantages in different clinical settings, is shown in Table 1.

Based on the above comparisons between OCT and
IVUS and preliminary findings, the following section will
explore outcome studies on OCT-guided PCI in greater de-
tail.
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4. Clinical Evidence for OCT-Guided PCI

Numerous observational studies have indicated that
PCI guided by OCT yields superior clinical outcomes when
compared to angiography-guided PCI [27-29]. Recently,
the advantages of OCT-guided PCI have been explored in
several significant RCTs, with a particular emphasis on
complex coronary artery lesions [30—33]. Additionally,
meta-analyses of some of these trials have been published
[34-37]. An overview of these landmark studies and meta-
analyses is provided in Table 2 (Ref. [30—40]).

The Randomized Controlled Trial of Intravascular
Imaging Guidance versus Angiography-Guidance on Clini-
cal Outcomes after Complex Percutaneous Coronary Inter-
vention (RENOVATE-COMPLEX-PCI) study, which com-
pared intravascular imaging guidance to angiography guid-
ance in complex PCI, found that imaging-guided PCI
(IVUS in 74% of cases and OCT in 26%) resulted in a re-
duced risk of the primary composite endpoints, including
cardiac death, target vessel-related myocardial infarction
(TV-MI), and clinically driven target vessel revasculariza-
tion (TVR) [30]. The results of the primary endpoint anal-
yses were similar in the patients who underwent OCT or
IVUS (53% reduction of primary events with OCT and 44%
reduction with IVUS compared with angiography alone).
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Table 1. Comparison between current-generation IVUS and OCT devices.

Ivus OCT
Technical comparison
Energy source Ultrasound Near-infrared light
HD 40-65 MHz
Frequency (MHz) - wavelength (nm) 1310 nm
non-HD 20 MHz
Spatial axial resolution HD 22-40 pm 10-20 pm
Non-HD 100-200 pm
Spatial lateral resolution 50-200 pm 40 pm
Soft tissue penetration 4-8 mm 1-3 mm
Pullback speed 0.5-10 mm/s 18-36 mm/s
Pullback length Up to 150 mm Up to 75 mm
Elimination of blood No Yes
Clinical utility
Lipid core ++ -
Fibrous cap + +H+
Remodeling +++ -
Calcium assessment ++ +++
Thrombus + ++
Macrophage - ++
Plaque erosion + ++
Intermediate lesion morphological assessment ++ ++
Post-PCI assessment +++ +++

+: assessment possible, good indication; ++: assessment clinically relevant, very good indication; +++: assessment

critical, optimal indication; —: assessment not possible.

OCT, Optical coherence tomography; IVUS, intravascular ultrasound; HD, high definition; PCIL, percutaneous coro-

nary intervention.

In the Optical Coherence Tomography Optimized Bi-
furcation Event Reduction (OCTOBER) study, 1201 pa-
tients with complex coronary artery bifurcation lesions
were randomized to OCT-guided PCI or angiography-
guided PCI [31]. At a median follow-up of 2 years, the in-
cidence of the primary composite endpoint of target lesion
failure (TLF), defined as death from cardiac cause, target le-
sion MI, or ischemia-driven target lesion revascularization
(TLR), was significantly lower in the OCT-guided group
than in the angiography-guided group (10.1% and 14.1%,
respectively; p = 0.035). In the ILUMIEN IV: OPTIMAL
PCl trial, 2487 patients with either medically-managed dia-
betes or complex coronary artery lesions were randomly al-
located to undergo OCT-guided or angiography-guided PCI
[32]. In the angiography group, a final blinded OCT proce-
dure was performed. One of the primary efficacy outcomes
showed that OCT guidance led to a larger minimum stent
area (MSA) post-PCI compared to angiography guidance
(5.72 £+ 2.04 mm? vs. 5.36 £ 1.87 mm?, respectively).
Surprisingly, this increase in MSA did not correspond to
a significant decrease in the primary clinical endpoint of
TVF at the 2-year follow-up (7.4% vs. 8.2%, respectively;
p = 0.45). However, the occurrence of stent thrombosis
within two years was notably lower in the OCT group com-
pared to the angiography group, at 0.5% and 1.4%, re-
spectively (p = 0.02). Finally, the OCCUPI trial was an
investigator-initiated, multicenter, randomized, open-label,

superiority trial conducted in South Korea [33]. A total
of 1604 patients with complex coronary lesions were ran-
domly assigned to either OCT-guided PCI (803 patients) or
angiography-guided PCI (801 patients). The primary end-
point, major adverse cardiovascular events (MACEs) (com-
posite of cardiac death, myocardial infarction, stent throm-
bosis, or ischemia-driven TVR) at the 1-year follow-up oc-
curred in 5% of the OCT-guided group compared to 7%
in the angiography-guided group, indicating a statistically
significant reduction in MACEs with OCT guidance (HR,
0.62; p =0.023). This reduction was largely driven by sig-
nificant decreases in ischemia-driven TVR (HR, 0.36; p =
0.0022) and spontaneous myocardial infarction (HR, 0.36;
p =0.022) in the OCT group.

Previously, several studies have compared the clinical
effectiveness of OCT versus IVUS-guided PCI, showing no
significant difference in terms of MSA, stent expansion, or
TVF at 1 year; however, these studies were underpowered
in low-risk patients and simpler lesions [38,39]. More re-
cently, the Optical Coherence Tomography Versus Intravas-
cular Ultrasound Guided Percutaneous Coronary Interven-
tion (OCTIVUS) study conducted a direct comparison be-
tween OCT-guided and IVUS-guided PCI in patients with
a broad range of coronary artery lesions [40]. The main
findings indicated that OCT-guided PCI was not inferior to
IVUS-guided PCI concerning the primary composite end-
point of TVF at one year, with rates of 2.5% and 3.1%, re-
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Table 2. Randomized controlled trials and meta-analyses of OCT-guided PCI.

Study population and intervention Primary endpoint(s)

Randomized controlled trial (year)
ILUMIEN III (2017) [38] 450 pts randomized to OCT-guided (n = 158) vs. IVUS-guided (n = 146) vs. Post-PCI MSA in OCT

angiography-guided (n = 146) PCI
OPINION (2021) [39] 829 pts randomized to OCT-guided (n = 414) vs. IVUS-guided (n = 415) PCI
RENOVATE-COMPLEXPCI (2023) [30] 1639 pts with complex coronary artery lesions randomized to IVI-guided (n =
1092: 800 IVUS, 278 OCT) vs. angiography-guided (n = 547) PCI years
2487 pts with complex coronary artery lesions randomized to OCT-guided (1) Post-PCI MSA in OCT

ILUMIEN IV (2023) [32
( )[32] (n=1233) vs. angiography-guided (n = 1254) PCI (2) TVF (cardiac death, TV-MI, or ischemia-driven TVR) at 2 years
MACEs (cardiac death, TL-MI, or ischemia-driven TLR) at 2 years

TVF (cardiac death, target-TV-MI, and ischemia-driven TVR) at 1 year
TVF (cardiac death, TV-MI or clinically driven TVR) at a median of 2.1

1201 pts with complex true bifurcation lesions randomized to OCT-guided (n =
600) vs. angiography-guided (n = 601) PCI
2008 pts randomized to OCT-guided (n = 1005) vs. IVUS-guided (n = 1003) PCI
1604 with complex coronary artery lesions randomized to OCT-guided (n = 803)

OCTOBER (2023) [31]

TVF (cardiac death, TV-MI, or ischemia driven TVR) at 1 year

OCTIVUS (2023) [40]
MACEs (cardiac death, MI, ST, and ischemia-driven TVR) at 1 year

OCCUPI (2024) [33]
vs. angiography-guided (n = 801) PCI
Meta-analyses
20 RCTs
11,698 pts
IVI-guided (IVUS or OCT) vs. angiography-guided PCI
32 RCTs
22,684 pts
IVI-guided or functionally-guided PCI vs. angiography-guided PCI
24 RCTs
15,489 pts
IVUS vs. angiography, 7189 pts (46.4%); OCT vs. angiography, 4976 pts (32.1%);
OCT vs. IVUS, 3324 pts (21.4%)
22 RCTs
15,964 pts
IVI-guided (IVUS or OCT) vs. angiography-guided PCI; weighted mean follow-up
duration of 24.7 months
OCT, optical coherence tomography; IVUS, intravascular ultrasound; IV, intravascular imaging; MACEs, major adverse cardiovascular events; MI, myocardial infarction; MSA, minimum stent area; PCI,
percutaneous coronary intervention; RCT, randomized controlled trial; TLF, target lesion failure; TLR, target lesion revascularization; TV-MI, target vessel-related myocardial infarction; TVF, target vessel

Khan et al. (2023) [34] Cardiac death, MI, ST, TVR, or TLR

Kuno et al. (2023) [35] MACEs (cardiac death, MI, and TLR)

Giacoppo et al. (2024) [36] TLR and MI

Stone et al. (2024) [37] TLF (cardiac death, TV-MI, or TLR)

failure; TVR, target vessel revascularization; ST, stent thrombosis.
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spectively (p < 0.001 for non-inferiority). Although the
OCT-guided group used a larger amount of contrast dye,
the occurrence of contrast-induced nephropathy was com-
parable between the two groups (1.4% in the OCT group
vs. 1.5% in the IVUS group; p = 0.85). Meanwhile, the
rate of major procedural adverse events was lower in the
OCT group compared to the IVUS group (2.2% vs. 3.7%;
p = 0.047), despite no events being directly linked to the
imaging procedures in either group.

Finally, recently published meta-analyses have con-
sistently shown that imaging-guided PCI, with either OCT
or IVUS, is associated with reduced risks of MACEs or
mortality compared with angiography-guided PCI, while no
significant differences in efficacy or safety between IVUS-
and OCT-guided PCI were evident [34—37].

These findings add to the growing body of evidence
that supports the use of intravascular imaging in optimiz-
ing stent deployment and procedural outcomes, and have
resulted in a Class 1A recommendation in the European
Society of Cardiology (ESC) 2024 guidelines for treating
chronic coronary syndromes of complex coronary diseases,
such as left main disease, bifurcations, and long lesions
[41]. The aforementioned landmark studies also confirmed
that OCT-guided PCI is a safe and effective approach that
significantly reduces MACEs compared to angiography-
guided PCI, particularly through a reduction in cardiac
death, myocardial infarction, repeat revascularization, and
stent thrombosis. However, these trials also highlight the
challenges associated with achieving consistent procedural
optimization and underscore the need for further research
to improve the understanding of the long-term benefits of
OCT. As OCT becomes more integrated into clinical prac-
tice, its role in improving outcomes for patients with com-
plex coronary lesions is likely to continue growing, sup-
ported by ongoing advancements in technology and opera-
tor training.

5. Specific Clinical Indications for Imaging
With OCT

5.1 Evaluation of Intermediate Coronary Artery Stenosis

Intermediate coronary artery stenosis, defined as vi-
sual angiographic stenosis severity between 30% and 70%,
is present in up to 25% of patients undergoing coronary
angiography [42]. Although international guidelines rec-
ommend physiological pressure-based assessment of these
lesions utilizing fractional flow reserve (FFR) or other in-
dices, specific clinical scenarios and lesion subsets exist
where the use of such indices may not be reliable. In the
FORZA trial, the authors compared FFR and OCT for eval-
uating intermediate coronary artery stenoses [43]. The re-
sults of the study demonstrated similar events in the two
patient groups (FFR vs. OCT) in terms of MACEs within
a 5-year follow-up period. At the 1-month follow-up, FFR
guidance for intermediate coronary artery lesions showed
a higher frequency of medical therapy use compared to

OCT guidance. However, at the 13-month follow-up, OCT
guidance resulted in lower rates of MACEs and significant
angina compared to FFR guidance. Frequently, left main
coronary artery (LMCA) lesions are associated with down-
stream and/or multivessel disease. The presence of down-
stream disease and/or multivessel disease can potentially
compromise the accuracy of FFR in assessing the true func-
tional significance of the LMCA stenoses. Recent studies
using FD-OCT have investigated the technical feasibility of
OCT for assessing left main disease, showing that this tech-
nology can accurately evaluate angiographically visualized
atherosclerotic plaques of the main stem and the ostia of its
daughter branches [44,45].

5.2 Evaluation of Stent Failure

Stent failure, either in-stent restenosis (ISR) or stent
thrombosis (ST), remains one of the major challenges in
contemporary interventional cardiology. Approximately
5% of all PCIs are performed to treat ISR lesions [46].
Thus, the use of intravascular imaging, especially OCT,
is extremely helpful for managing ISR, as it plays a cru-
cial role in identifying the mechanism through which stent
failure occurred and guiding subsequent treatment strate-
gies [47]. In particular, OCT can provide detailed infor-
mation on distinct mechanisms of ISR, such as stent under-
expansion, neointimal hyperplasia, and neoatherosclerosis.
Moreover, compared to IVUS, OCT has a superior ability to
define plaque morphology, expansion of the original stent,
and calcium burden outside the stent, as reported in recent
key analyses in the OCTIVUS trial [48]. Despite the low
overall rates of early and late ST with modern generation
drug eluting stent (DES) and the contemporary antithrom-
botic therapies (from ~3.0% with first generation DES up
to the 3-year follow-up to 1.5% with second generation)
[49], the large number of patients treated daily worldwide
makes this condition a significant health issue, which often
results in myocardial infarction. In the vast majority of ST
cases, at least one underlying morphological abnormality
can be identified using OCT, including major underexpan-
sion, malapposed or uncovered struts, neoatherosclerosis,
and edge-related disease progression [50,51]. In this set-
ting, identifying the mechanism of ST is crucial for tailor-
ing the most appropriate therapy. Therefore, recent clini-
cal guidelines have proposed a Class Ila recommendation
(level of evidence C) for the use of OCT in determining the
mechanism of stent failure [52].

5.3 Assessment of the Mechanism in Acute Coronary
Syndrome

OCT can provide unique insights into the mechanisms
underlying acute coronary syndromes (ACS) by accurately
assessing vessel and lumen geometry and identifying the
hallmarks of culprit lesions in ST- or non-ST elevation my-
ocardial infarction, such as plaque disruption, intralumi-
nal thrombus, and spotty calcifications [53]. Furthermore,
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Fig. 2. Diagnosis of plaque erosion. Example of angiographic acquisition of right coronary artery with suspected thrombus (“haziness”)

in the context of acute coronary syndrome. The respective OCT cross-sectional frames (A—C) and longitudinal reconstruction (D),

evidencing (B) red thrombus with typical protrusions in the lumen with high back-scattering and high signal attenuation (white arrow)

and healthy vessel walls proximally (A) and distally (C) to the culprit segment. OCT, optical coherence tomography. *Wire artifact.

OCT enables the differential diagnosis between plaque rup-
ture and plaque erosion (an example of this is shown in
Fig. 2). These two entities, despite their similar presenta-
tions, have distinct pathogeneses and treatments. In plaque
rupture, luminal thrombosis is triggered by the contact of
flowing blood with the highly thrombogenic necrotic core
and with tissue factor, which is primarily derived from
macrophages that are more prevalent in the case of fibrous
cap disruption. In contrast, in the case of plaque erosion,
local flow perturbations accompanied by upregulation of
Toll-like receptor 2 and subsequent activation of platelets
and endothelial denudation lead to occlusive thrombosis
[54]. For plaque rupture, performing PCI to seal the pro-
thrombotic cavity is the standard and largely validated ap-
proach [55]. In cases of confirmed plaque erosion, a con-
servative approach, combined with dual antiplatelet ther-
apy, has been shown to be safe [56]. OCT is also critical for
defining eruptive calcified nodules, a relatively rare but im-
portant cause of ACS with the highest incidence of MACEs,
mainly driven by recurrent TLF and ACS at follow-up,
with nodule re-protrusion even after stenting [57]. Finally,
OCT can be an important tool in the diagnostic work-up
of myocardial infarction with non-obstructive coronary ar-
teries (MINOCA): after exclusion of atherosclerotic causes
(plaque rupture, plaque erosion, calcified nodules), identifi-
cation of non-atherosclerotic causes (spontaneous coronary
artery dissection, epicardial spasm, thrombus embolization)
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can be critical for the tailoring of treatment [58], although
more data are warranted in this setting.

5.4 Assessment of Calcium Burden

Compared to IVUS, OCT can more precisely char-
acterize calcium morphology, defining not only the arc,
length and depth of calcium distribution—fundamental pre-
dictors of stent under-expansion [24]—but also allowing
critical distinction between eruptive and non-eruptive cal-
cified nodules [59]: the former represents a relatively rare
cause of acute coronary syndrome (2—7%) and is charac-
terized by good deformability and good acute result but a
high rate of recurrence (in-stent re-protrusion); the latter is
characterized by a higher degree of calcification at vessel
level, which often requires multimodality plaque modify-
ing technologies (i.e., RotaTripsy, RotaCut, etc., [60,61])
to achieve good acute results, although show lower rates
of TLR at follow-up. Examples of different calcium mor-
phologies at OCT analysis, are shown in Fig. 3.

5.5 Assessment of Vulnerable Plaque

The very high resolution of OCT enables the in vivo
identification of most plaque features associated with a high
risk of plaque rupture in post-mortem pathological studies,
including thin fibrous caps atheroma (TCFA), large lipid
pools, microvessels, microcalcifications, cholesterol crys-
tals, and inflammatory infiltrates. Nevertheless, the pres-
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Fig. 3. Calcium burden assessment and characterization. Example of two different calcium morphologies at OCT analysis: (A)

eruptive calcified nodule in the context of acute coronary syndrome with disrupted fibrous cap (white arrow), overlying red thrombus

with high attenuation (dashed arc) and evidence of high calcium burden (green arrow); (B) severe 360° calcification (dashed circle) with

thick calcium (two-headed arrow) but intact fibrous cap (white arrow) indicating a probable stable lesion. *Wire artifact.

ence of OCT-determined high-risk features, including min-
imum luminal area (MLA) <3.5 mm?, TCFA, and lipid-rich
plaques with macrophage infiltrates, was found to have a
low positive predictive value (19.4%) in evaluating hard
clinical outcomes [62]. Evidence from the first applica-
tions of hybrid imaging techniques suggests that these tech-
niques could provide a superior insight into plaque vul-
nerability and more accurately identify high-risk lesions
[63]. Near-infrared spectroscopy (NIRS) is a spectroscopic
method that measures the absorption spectrum of tissue in
the near-infrared range, allowing for a quantitative deter-
mination of lipid burden, expressed as the maximum lipid
core burden index within a 4 mm coronary section (maxL-
CBI4mm) [64]. A hybrid NIRS-IVUS catheter was used
in the multicenter, natural history PROSPECT II study to
assess both the treated culprit and bystander non-culprit le-
sion(s) in a large cohort of ACS patients (n = 898): high
plaque burden (>70%) and MaxLCBI4mm >324 were in-
dividuated as the most important independent predictors of
patient-level non-culprit lesion-related MACEs at up-to-4-
year follow-up [65]. However, the lack of spatial reso-
lution in IVUS did not allow for the evaluation of finer
elements, such as cap thickness and neointimal coverage
of stent struts, which suffered from relevant loss of sig-
nal behind superficial calcium and limited the quantitative
analysis to lipidic burden. To address these challenges, a
new variety of emerging multimodality intravascular imag-

ing techniques has been proposed and tested in vivo us-
ing animal studies. Among the many, near-infrared fluo-
rescence (NIRF) and near-infrared autofluorescence (NI-
RAF), referred to in combination as NIR(A)F, and fluo-
rescence lifetime (FLIM) imaging have shown promising
results combined with the high spatial resolution of OCT
imaging [64]. Fluorescence imaging uses photolumines-
cence to measure fluorescence signals that are generated
when the endogenous (NIRAF) or exogenous (NIRF) fluo-
rophores in the plaque are excited by light in the NIR range
(650 to 900 nm). According to the type of exogenous flu-
orescent contrast agent administered, NIRF enables the ac-
curate identification of different plaque components, espe-
cially focusing on active inflammation and plaque remodel-
ing processes [66]. Conversely, NIRAF captures intrinsic
tissue fluorescence mostly related to the accumulation of
heme degradation products in the context of plaque hemor-
rhage, a hallmark of rupturing plaque [67]. A major limi-
tation of current NIR(A)F—OCT is that the measurement of
molecule concentration within the plaque is only semiquan-
titative, and sophisticated algorithms are necessary to com-
pensate for fluorescence signal attenuation, enabling quan-
titative fluorescence measurement [64]. In contrast to NIRS
and NIR(A)F, which use near-infrared light, FLIM uses ul-
traviolet light to excite fluorophores—excited by ultraviolet
(UV) light—each cellular and molecular component within
the arterial wall, including macrophages, lipoproteins, col-
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lagen, and elastin, emits characteristic fluorescence signal
with peculiar decay pattern, defined as florescence life-
time. Thus, FLIM has the potential to accurately explain
the structure of important proteins, including collagen and
elastin, within the plaque, thereby differentiating between
diffuse intimal thickening, pathological intimal thickening,
fibrocalcific plaque, and TCFA. However, the main limita-
tion of the current FLIM—OCT catheter is the limited depth
of penetration secondary to the use of UV light [68].

The possibility of using next-generation hybrid in-
travascular imaging modalities to identify high-risk patients
who could benefit from plaque-level tailored aggressive
medical or interventional treatment could have substantial
health and socio-economic implications in the future.

6. OCT Imaging Artifacts

The recognition of artifacts is a key element in OCT
interpretation and is crucial in pre- and post-PCI evalua-
tions.

These can be schematically categorized into (1) arti-
facts that originate with light propagation in the catheter, lu-
men, or vessel wall; (2) artifacts associated with stent struts;
(3) artifacts related to catheter location and movement [69].

Sometimes these artifacts are critical in imaging inter-
pretation. The pattern of light dropout, secondary to stent
struts, allows differentiation between metallic and biore-
sorbable platforms: The first ones appear as single leading-
edge structures that cast a single expanding broad shadow
over the arterial wall, while biodegradable stent strut shad-
ows are normally observed only along the two lateral sides
of the strut, leaving a much greater volume of the na-
tive tissue structure. Attenuation of light by macrophage
OCT accumulations can cause shadows in images that ap-
pear falsely as an underlying lipid pool or necrotic core.
Thus, a relatively normal artery with a superficial infiltra-
tion of macrophages can even appear as a thin-capped fi-
broatheroma. Other artifacts can be markers of suboptimal
quality imaging, due to inadequate blood clearance, irreg-
ular signal-rich intraluminal structures can be confounded
with thrombotic material, and, from light scattering, which
can alter the appearance of metallic stent struts (bloom-
ing, merry-go-round, and ghost struts artifacts) [70]. Ghost
lines appear as circular features in the OCT frame and are
caused by light reflections from at least two interfaces in
the catheter. Calibration during catheter preparation is crit-
ical to prevent the appearance of these lines. Residual gas
bubbles, due to insufficient catheter flushing, can appear
as a distinct region of brightness inside the OCT catheter
with a corresponding diminished signal in the OCT sec-
tor (“dimmed” sector). Finally, the location of the imaging
catheter within the vessel lumen (centered vs. off-centered)
and the interaction with the vessel anatomy, which can
induce uneven rotation and acceleration of the pullback
speed, can also determine artifacts. Non-uniform rotational
distortion (NURD) is due to a non-constant angular veloc-
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ity of the mono-fiber optical catheter and appears in OCT
images as a blurring or smearing in the lateral or rotational
direction. NURD normally occurs due to mechanical ro-
tational resistance in the catheter, resulting from either a
tortuous or narrow vessel, a tight hemostatic valve, or a
crimped catheter sheath. A sew-up artifact occurs when
the combined rotational and longitudinal motions of the
catheter result in a discontinuity between successive B-
scans. The catheter is oblique to the vessel axis, which
places it closer to the artery wall in some longitudinal po-
sitions and further in others, resulting in a falsely elliptical
lumen. A fold-over artifact is observed when the vessel di-
ameter is too large for the penetration depth of the imag-
ing catheter. Thus, a fold-over artifact is more common in
large vessels or in the presence of tortuous and/or calcified
anatomies, where delivery of the system in the distal vessel
can be challenging [69].

The new iteration of the Abott™ imaging catheter
(Dragonfly OpStar™) has been commercialized to enhance
pushability, crossability, and trackability. This has been
achieved through a redesign of the shaft, guidewire rail, and
guidewire exit port, allowing the catheter to navigate more
challenging anatomies while preserving imaging quality
[71].

7. Current Limitations of OCT

Theuse of OCT in clinical practice is invaluable; how-
ever, for accurate interpretation and appropriate clinical
application, the optimal quality of image acquisition and
knowledge of the technological limitations are crucial.

The light emitted by the OCT catheter is absorbed by
blood; thus, the need for additional contrast administration
to allow complete blood clearance is among the most im-
pactful and inherent limitations of OCT in everyday clini-
cal activity [70]. Several biologically safe flushing media
have already been tested in clinical practice as alternatives
to contrast agents to expand the use of OCT in patients at
higher risk of contrast-induced nephropathy. Subsequent
in vitro and in vivo studies have shown comparable image
quality to that of contrast with heparinized saline or dif-
ferent dilutions of Ringer’s lactate, starch, or dextran, for
both qualitative and quantitative analyses [72—76]. How-
ever, a potentially higher rate of insufficiently cleared imag-
ing, secondary to the less efficient blood clearance, espe-
cially in the left coronary artery, and a systematic under-
estimation of both calculated diameters and areas must be
considered. Nevertheless, the abovementioned drawbacks
can be potentially overcome with some practical measures:
(1) an increase in flushing flow rate and injection duration
can compensate for a reduction in fluid viscosity since a
lower viscosity solution may have a longer fluid transition
zone; notably, once the successful displacement of blood
has been achieved, it can be relatively easily maintained;
(2) the use of a guide extension catheter allows a complete
ostial engagement with minimal loss of flushing solution
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outside the target vessel and improved blood clearance; (3)
the use of correction factors, which consider the varying re-
fractory indices, has been shown to allow great concordance
between measurements acquired using contrast or alterna-
tive flushing solutions. Another relevant limitation of the
currently available OCT technology is the limited depth of
field, determined by the necessity of a high-frequency near-
infrared light source, and is defined by tissue absorption
characteristics and the refractive index of the interface be-
tween the catheter and the vessel wall. Current intravascu-
lar OCT systems use a central wavelength of approximately
1300 nm; thus, the light can penetrate through most con-
stituents in the arterial wall to a depth of no more than 2-3
mm [16,77]. Therefore, in larger vessels, the loss of signal,
with a higher chance of fold-over artifact, hampers imaging
interpretation and clinical utility in large proximal vessels,
such as the left main stem. Aorto-ostial lesions are even
more challenging: the combination of large vessels and less
efficient blood clearance, secondary to the disengagement
of the guiding catheter necessary for ostium evaluation, re-
quires the use of guide extension catheters to allow selective
contrast delivery and reasonable image quality, although it
should be taken into consideration that the material of the
distal guiding catheter is mostly not near-infrared transpar-
ent and a short (1-2 mm) blind spot at the level of the ra-
diopaque marker of the distal tip is present in every com-
mercially available device [78]. Nonetheless, anecdotal re-
ports of successful guide extension facilitated OCT-guided
PCI of aorto-ostial lesions have been published, particularly
via the soft tip and the relatively wide-gap helical coil rein-
forcement of the Telescope® (Medtronic) guide extension
catheter [79]. However, in these settings, IVUS remains
the preferred option due to its deeper tissue penetration and
improved visualization of the coronary ostium [18].

The opposite problem is that very tight stenoses can
determine suboptimal image acquisition due to insufficient
blood clearance of the distal vessel, thereby affecting the
interpretation of coronary wall anatomy and introducing
significant changes to the stent strut appearance (merry-
go-round, blooming, and ghost strut artifacts). Predilation
is often required, inducing iatrogenic modifications of the
vessel wall anatomy such as longitudinal and radial plaque
re-distribution with new dissection planes. The most widely
used commercial OCT imaging catheter, the Dragonfly Op-
star/Optis™ by Abbott™, is characterized by a shaft distal
diameter of 2.7 F (0.9 mm) [13]. Therefore, distal flush-
ing is almost impossible in cases of stenosis with a mini-
mal lumen diameter of <1 mm, and predilation is manda-
tory, which can alter plaque composition and potentially
have a detrimental impact on preprocedural guidance and
decision-making. Recently, an alternative technique, the D-
PUSH technique, has been proposed to overcome this issue
through (1) positioning the intravascular imaging catheter
proximal to the lesion; (2) starting the flushing media infu-
sion; (3) after two seconds of injection, the catheter is ad-
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vanced distal to the lesion; (4) starting automatic pullback
from distal to proximal is started [80].

Understanding these limitations of OCT is crucial for
selecting the appropriate patients and understanding how to
maximize the benefits of IVI in clinical practice.

8. Next-Generation Devices

In recent years, the competition among companies
producing I'VI systems has been significant, driving contin-
uous improvements and advancements in the technology.
Comparatively, the competition in the OCT field has been
mostly limited to the research sector, especially in the West-
ern world. However, a tide of next-generation devices is
expected to reach the clinical market in the future, marking
a crucial shift in paradigm for IVI.

In the landscape of IVI technologies, Gentuity (Sud-
bury, USA) has recently received Food and Drug Admin-
istration (FDA) clearance for its High-Frequency™ OCT
(HF-OCT™) gystem, designed to acquire images at a higher
speed using a reduced-size imaging catheter. This propri-
etary Vis-Rx Micro Imaging Catheter is a rapid-exchange
catheter characterized by a miniaturized lens within a sheath
with a maximal outer diameter of 1.8 F and a cross-sectional
area of 0.28 mm? (~50% reduction compared to current
technologies). The system allows for vessels as small as 1.3
mm in diameter to be scanned; however, thanks to the high-
speed near-infrared laser (A-scan line rate of 200 kHz vs. 90
kHz standard) with extended scan range, the system simul-
taneously supports the imaging of vessels up to 6-7 mm in
diameter with an axial resolution of ~10 um. Moreover, the
fast-rotating optical fiber permits the interrogation of a 100
mm-long segment (~33% longer than other currently avail-
able systems) in approximately 1 second [81]. The fast pull-
back could potentially support a routine approach to CAD
with OCT, allowing the use of manual injection with a sim-
ple 10 cc syringe and the administration of intracoronary
saline (since the necessary time of blood clearance is short-
ened). The first in-human study showed that HF—OCT can
efficaciously visualize segments of severely stenosed coro-
nary arteries before any mechanical manipulation, without
compromising image quality. In particular, in a series of 31
vessels analyzed before PCI (without predilation), the av-
erage clear image length (defined as % of segments with at
least 270° of the vessel distinctly visible) was 87 £+ 13%
with no difference across other degrees of stenosis (small-
est calculated MLA 0.35 mm?) [82]. Additionally, pilot ex
vivo and in vitro experiences using HF—OCT for neurovas-
cular treatment demonstrated an excellent performance in
terms of imaging clarity despite the high degrees of tortu-
osity encountered (with no observed NURD artifacts) [81].
The technology is promising, but more clinical data are nec-
essary to confirm the improved performance of this technol-
ogy.

The next important new contender in the OCT field is
represented by the HyperVue™ imaging system by Spec-
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Table 3. Technical comparison between current- and next-generation OCT devices.

ABBOTT GENTUITY SPECTRA WAVE CONAVI
Optis HighFrequency-OCT HyperVue Novasight Hybrid
system
Imaging catheter =~ DragonFly Opstar® Vis-Rx® Micro-Imaging Starlight® Imaging Novasight Hybrid®
characteristics Catheter Catheter Catheter Catheter
Distal tip diameter: 2.7 F Distal tip diameter: 1.8 F Distal tip diameter: 2.5 F  Distal tip diameter: 1.7
F (imaging head 2.8 F)
Lens-to-tip distance: 23 Lens-to-tip distance: 26  Lens-to-tip distance: 14 Lens-to-tip distance:
mm mm mm 11.5 mm
Pullback length 54 mm (high resolution) 100 mm 100 mm Customizable, up to
75 mm (survey) 100 mm
Pullback speed 18-36 mm/s 100 mm/s 60-120 mm/s IVUS-only: 5-1-0.5
mm/s
IVUS-OCT: 10-25
mm/s
Vessel size range* 2.0-3.5 mm 1.3-6 mm 2.0-5.2 mm IVUS (40 MHz): up to 6
mm

OCT: 2.0-3.5 mm

Specialty Al-automated
quantitative analysis

(Ultreon® 2.0)

Low-profile tip, deep

tissue penetration,

NIRS, Al-automated

quantitative analysis

IVUS-OCT co-planar

registration

Al-automated

quantitative analysis

Al artificial intelligence; F, french gauge; IVUS, intravascular ultrasound; OCT, optical coherence tomography; NIRS, near-

infrared spectroscopy.
* FDA-approved adequate vessel size for imaging.

traWave (Bedford, USA). The combination of deepOCT™
and NIRS could potentially lead to a breakthrough. The first
in-human experience demonstrated how the greater depth
field granted by DeepOCT™ can allow the delineation of
the entire coronary vessel, including the external elastic
lamina, even in the presence of thick calcium and lipid cores
(e.g., calcified nodules), which is critical for optimal PCI
guidance [83]. Moreover, in this pilot study, all images
were acquired through a saline flush, thanks to the rapid
pullback (100 mm at 60 or 120 mm/second speed). Further-
more, the automatic NIRS co-registration for lipid detection
could introduce a crucial stratification element in vulnera-
ble plaque detection, solving the primary issue of low reso-
lution and suboptimal plaque characterization encountered
with previous IVUS-NIRS devices, and potentially leading
to a significant leap in CAD management [84]. Finally, the
imaging system is characterized by a lower profile (2.5 F)
rapid-exchange catheter with a shorter lens-to-tip length (14
mm vs. 23 mm for current devices), allowing safer imag-
ing in distal, smaller vessels (FDA approval for imaging of
vessels from 2.0 to 5.2 mm) [83].

Ultimately, the hybrid IVUS-OCT system (No-
vasight™ Hybrid) from Conavi Medical (Toronto, Canada)
has been introduced as the “final answer” to the endur-
ing conundrum faced by interventional cardiologists who
must choose between IVUS and OCT. Thus, several hybrid
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catheters combining the two modalities have been tested in
ex vivo and pre-clinical settings. However, the previous de-
vices were characterized by a design either with a side-by-
side OCT prism and US transducer, resulting in an exces-
sively rigid and bulky catheter, or a hybrid probe with a
2 mm longitudinal offset, leading to suboptimal image co-
registration [85]. In the Novasight™ Hybrid system, the
40 MHz ultrasound transducer is located at the tip of the
catheter, where an embedded OCT fiber optic is also sit-
uated, providing co-linear acoustic and optical beams and
imaging the same cross-section simultaneously [86]. The
imaging catheter presents a 1.7 F entry profile that reaches
2.8 F at the level of the imaging window, which is po-
sitioned 11.5 mm from the tip. The system allows a co-
registered IVUS—OCT pullback with a customizable length
of up to 100 mm at 10 or 25 mm/second [87].

All the aforementioned systems represent significant
advancements in the evolution of intravascular coronary
imaging. An overview of the available main technical fea-
tures and characteristics of these next-generation devices is
presented in Table 3, along with examples of the respective
screen interfaces in Fig. 4 (Ref. [83,86]). Challenges such
as high costs and the need for specialized training must be
further addressed in the future to fully capture the potential
of OCT and provide a comprehensive management of both
primary and secondary prevention of CAD.
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Fig. 4. Examples of the screen interfaces of the current Abbott Ultreon™ 2.0 (A) and the next-generation OCT systems: Gentuity
High-Frequency™ OCT (B), Conavi Novasight™ Hybrid (C), and Spectrawave HyperVue™ (D). The integration of Al-powered
automatic qualitative and quantitative plaque assessments, and/or the implementation of multimodality imaging, are cornerstone elements

of next-generation devices. Al, artificial intelligence; OCT, optical coherence tomography. (C) is adapted from Ono M et al. [86]
“Advances in IVUS/OCT and Future Clinical Perspective of Novel Hybrid Catheter System in Coronary Imaging”. Front Cardiovasc
Med. 2020 Jul 31; 7: 119. doi: 10.3389/fcvm.2020.00119. (D) is adapted from Ali ZA et al. [83] “First-in-Human Experience With
a Novel Multimodality DeepOCT-NIRS Intracoronary Imaging System”. J Soc Cardiovasc Angiogr Interv. 2024 Mar 5; 3(4): 101344.

doi: 10.1016/j.jscai.2024.101344. PMID: 39130176; PMCID: PMC11308831.

9. Artificial Intelligence and the Integration
of Imaging and Physiology

As medical technology constantly evolves, new tools
emerge to face the challenges in the catheterization labo-
ratory. Interventional cardiologists should be familiar with
OCT technology and imaging interpretation; however, Al
is becoming increasingly available to enhance diagnostic
and/or therapeutic workflows and further optimize clinical
management. The advent of Al plays a crucial role in the
IVI field, enabling it to overcome challenges in the imag-
ing interpretation process through innovative techniques in
image processing, feature extraction, plaque identification,
and automated quantitative analysis. For instance, the new
version of the Abbott image review software (Ultreon™
2.0) features Al-powered automated detection of calcium
and external elastic lamina (EEL), reducing the need for
physicians to identify these structures manually. This sys-
tem also provides the possibility of combined angiographic

12

and OCT co-registration, further reducing the need for op-
erator interpretation. The benefit of an Al-assisted image
interpretation supplied by the Ultreon™ 2.0 software was
shown in the study by Cioffi et al. [88] where 18 opera-
tors enrolled and, after categorization according to experi-
ence with OCT analysis, were tasked with reviewing OCT
images from both Ultreon™ 2.0 platform and the previ-
ous AptiVue™ software, while their eye movements were
recorded. The results showed that, in both experienced
and inexperienced operators, the Al-powered software im-
proved total task time and streamlined the interpretation
process.

Additionally, AI might be even more useful in stan-
dardizing and automating anatomical characterization. Chu
et al. [89] have presented an advanced Al framework for
automatic plaque assessment based on a deep-learning con-
volutional neural network with unique features (e.g., the
integration of spatial information from contiguous cross-
sections) and trained on a large series of real-world OCT
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Fig. 5. Example of an OCT-derived optical flow ratio (OFR) analysis. (A) Cross-sectional OCT frame with Al-based automatic

tissue characterization (green = fibrotic tissue; yellow = lipidic tissue); (B) longitudinal OCT reconstruction for vessel navigation and

individuation of reference anatomical structures; (C) automatic 3D vessel reconstruction; (D) color-scale-based longitudinal physiological

pullback pressure gradient derived by OCT.

pullbacks. In the validation study, the Al model demon-
strated a fast computational speed and excellent perfor-
mance, with diagnostic accuracies of 97.6%, 90.5%, and
88.5% for fibrous, lipidic, and calcified plaques, respec-
tively. Moreover, the model performed very well in the
external validation analysis, with a strong correlation with
the core laboratory analysis (R? = 0.98; p < 0.001). How-
ever, some subsets of lesions were excluded (e.g., plaques
with signs of instability, such as thrombus, plaque rup-
ture, dissection, or hematoma), and post-PCI pullbacks
were not included in the analysis. The machine-learning
model was finally implemented into the OctPlus™ platform
(Pulse Medical, Shanghai, China), which allows simulta-
neous two-dimensional qualitative and quantitative cross-
sectional analyses, 3D reconstruction, and automatic OCT-
derived physiological assessment (OFR, optical flow ra-
tio). The Al-augmented integration of anatomy and phys-
iology represents the next step in the IVI field in achiev-
ing a state-of-the-art patient- and lesion-tailored treatment.
The most important step in this image-based FFR approach
is to create an accurate 3D geometrical model from imag-
ing data. Hence, OCT, with its superior in vivo image res-
olution, could be a crucial element in the development of
this methodology. OFR has already been tested using both
pre- and post-PCI settings, demonstrating good to excel-
lent diagnostic accuracy compared to invasive FFR with
preserved low inter- and intra-observer variability [90-92].
A very good vessel-level diagnostic concordance between
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OFR and FFR was confirmed in the individual patient data
meta-analysis by Hu et al. [93] (pre-PCI: 91%; post-PCI:
87%; overall: 90%). However, prognostic data remain lim-
ited. Despite the current limitations, according to the ini-
tial data results, OCT imaging systems with faster pullback
speeds and longer pullback lengths might further reduce the
discrepancy between OFR and FFR. An example of an OFR
analysis is shown in Fig. 5.

Concomitantly, a novel OCT-derived physiology in-
dex by Abbott, namely virtual flow reserve (VFR), based
on a lumped model of flow-limiting resistors represent-
ing the flow losses due to lesions of the main vessel
and side branches, and integrating the microvascular resis-
tances modelled for each vessel, has been presented and
tested in the multicenter, single-arm prospective FUSION
(Validation of OCT-Based Functional Diagnosis of Coro-
nary Stenosis) study—the current largest prospective study
with OCT-derived physiology implementation [94]. In this
study, a cohort of 266 vessels in 312 patients with stable
or unstable CAD and intermediate angiographic stenosis,
with an indication for physiological assessment, was inves-
tigated through both invasive FFR and OCT + VFR analy-
ses. The authors reported high accuracy for VFR and good
correlation with FFR, despite a significant limitation due to
the restricted length of the OCT pullback. However, the au-
thors emphasized that 25% of patients changed their treat-
ment allocation based on the physiological findings, and a
different device size was used in more than half of the pop-
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ulation compared to the original treatment plan, which was
based solely on angiographic assessment. Thus, in the fu-
ture, the synergistic integration of physiology and imaging
could represent a game changer in the therapeutic workflow
of CAD.

10. Future Perspectives of OCT: Conclusions

The future of IVI and OCT is promising. Indeed, evi-
dence of the positive impact of IVI guidance has increased
not only for vessel-oriented outcomes but also on clinically
relevant hard endpoints, leading to upgraded recommen-
dations in international guidelines. Understanding and ad-
dressing the limitations of current technologies are critical
steps in enhancing the accuracy of image acquisition and
analysis, as well as optimizing the use of OCT in a clinical
context. The forthcoming next-generation devices have the
potential to provide breakthrough insights into atheroscle-
rotic pathobiology and further improve these outcomes,
thanks to the evolution of hybrid multimodality imaging
catheters. Improved deliverability, increased penetration
field of vision, and the possibility of using saline instead
of contrast as a standard flushing agent will further broaden
the clinical utility of OCT. Concomitantly, a deeper inte-
gration of Al will allow automatic plaque composition and
integrated anatomical and physiological assessment, sim-
plifying imaging interpretation and improving the ad-hoc
decision-making process, even in high-case-load catheter-
ization laboratories. Further efforts by national and inter-
national professional societies, in collaboration with local
hospital administrations, are necessary to promote educa-
tion, dispel misconceptions, and increase the adoption of
IVI, thereby improving patient outcomes and potentially
achieving a long-term beneficial social health impact.
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