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Abstract: Although coronary angiography has been well established as a standard modality for per-
cutaneous coronary intervention guidance, recent developments in intravascular imaging techniques,
such as intravascular ultrasound and optical coherence tomography, have become increasingly
adopted, enabling direct detailed lesion visualization, including lesions beyond the scope of as-
sessment using exclusively angiography. Intravascular imaging modalities have been reported to
potentially improve both short- and long-term percutaneous intervention outcomes. This review
aims to provide a comparative summary of recent advancements in research regarding the clinical
applications and outcomes of intravascular ultrasound and optical coherence tomography.

Keywords: intravascular imaging; intravascular ultrasound; optical coherence tomography;
percutaneous coronary interventions

1. Introduction

The last three decades have brought advancements in intravascular imaging technolo-
gies, e.g., intravascular ultrasound (IVUS) and later optical coherence tomography (OCT)
were introduced and developed to gradually play an increasingly essential role in guiding
percutaneous coronary interventions (PCI), along with the critically acclaimed coronary an-
giography (CAG). Because limitations of angiography are widely acknowledged, increasing
attention is brought to intravascular imaging. It makes direct visualization of the vascular
wall feasible and enables more precise evaluation of plaque burden, plaque composition
and vessel remodeling. Intravascular imaging provides interventionalists with invaluable
help in multiple ways by informing on the necessity of lesion preparation and stent sizing,
guiding stent expansion, identifying acute complications or assessing late stent failure [1].
Both IVUS and OCT are recognized to contribute to positive clinical outcomes when used
complementarily to CAG in coronary artery disease assessment and guiding PCI [2–5].
Moreover, a retrospective cohort study from the National Inpatient Sample (2004–2014)
showed that both modalities are used more frequently, with a 22-fold increase in IVUS
and 118-fold increase in OCT in a 10-year time period [6]. The current guidelines of the
European Society of Cardiology recommend both IVUS and OCT as methods of choice
for the diagnosis of spontaneous coronary artery dissection if the coronary angiogram
is unclear regarding this matter [7,8]. Moreover, both modalities are recognized by the
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guidelines in deepening the diagnostic process in case of a myocardial infarction with
non-obstructive coronary arteries [9,10]. The 2018 ESC guidelines for revascularization
define IVUS as a useful tool for planning a therapeutic invasive strategy among patients
with intermediate grade left main coronary artery stenosis [11]. IVUS should be taken into
consideration when analyzing the severity of lesions in the unprotected left main (class
IIA, level B). Not only IVUS, but also OCT can be used for identifying stent restenosis
(class IIA, level C). Both modalities are also described in the guidelines as methods for PCI
optimization (class IIA, level B) [12]. Nevertheless, each technique shows a distinct set of
capabilities regarding various clinical applications, which are compared and contrasted
below based upon the available evidence.

2. Advantages and Disadvantages of IVUS Imaging

Intravascular ultrasound (IVUS) is the first catheter-based technology used for in-
travascular imaging, introduced by Yock et al. in the 1980s [13]. In principle, IVUS depends
on a miniaturized piezoelectric transducer mounted on the catheter tip that emits ultrasonic
waves (at 20–60 MHz) [1,14]. The ultrasounds are emitted radially either by mechanical
rotation of a single transducer or a sequentially activated array of fixed transducers, de-
pending on the catheter design type [15]. As the amplitude of the backscattered waves
and the echo time delay are processed, a series of cross-sectional grey-scale images are
obtained (Figure 1).
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A major advantage of IVUS stems from its relatively deep tissue penetration (5–6 mm) [1]
(Table 1). This allows full-thickness visualization of the vessel wall, enabling the usage of
vessel size parameters, such as the external elastic membrane (EEM) diameter or reference
lumen diameters for stent sizing [16], which plays a significant role in PCI optimization,
as overestimation or underestimation of stent size may instigate complications such as
coronary dissection, perforation, extensive malapposition or stent underexpansion [17].
Additionally, visualizing all layers of the vessel wall can be useful in follow-up assessment,
being able to show vessel remodeling processes [18] or providing detailed imaging when
angiography suggests late acquired stent malapposition (persistent staining or aneurys-
mal change) [1]. Importantly, IVUS is the only imaging tool, which enables to provide
plaque burden.
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Table 1. Most important IVUS and OCT characteristics.

IVUS Characteristic OCT

Ultrasound Type of wave Infrared

5–6 mm Tissue penetration depth Up to 2.5 mm

Easily possible Ability to visualize EEL Very hard

Low Resolution High

No Contrast usage Yes

Possible Ability of left main lesions assessment Impossible

Medium Repeatability of measurement High

However, IVUS has a relatively low resolution. Its axial resolution is 100–150 µm and
lateral 150–300 µm for 40 MHz, whereas for 60 MHz, it ranges between 40–60 µm and
60–140 for axial and lateral, respectively [14,17]. It may be a limiting factor when more
detailed evaluation is needed, e.g., superficial plaque assessment or suboptimal PCI result
identification (coronary dissections, underexpansion, tissue protrusions, etc.) [19]. Ac-
knowledging the limitations of qualitative visual interpretation of grey-scale IVUS images,
several post-processing methods have been developed to augment coronary plaque tissue
characterization, such as VH-IVUS (virtual histology), iMAP-IVUS (iMap-Intravascular
Ultrasound Radiofrequency Signal Analysis) or IB-IVUS (integrated backscatter). VH-IVUS
deploys autoregression models to analyze underlying frequency content of the reflected
radiofrequency signals enabling for classification of plaque tissue components into colorful
images [15,20]. Studies have shown that raw backscattered frequency analysis (IVUS-RF)
can be useful in plaque characteristics assessment in high-risk populations, possibly allow-
ing to stratify cardiovascular risk, along with clinical and angiographic findings [18,21].

Another advantage of the IVUS method lies in its independence from the need for
contrast injections and blood clearance from the vessel, which was found to be able to
reduce the total amount of contrast compared to angiography-guided PCI [22]. It also
makes IVUS the preferred modality in patients with renal failure and in ostial left-main
lesion assessment and guidance, as in these settings, blood clearance may be challenging [2].

IVUS shows limitations when it comes to the assessment of calcified plaque, as cal-
cium scatters most of the ultrasound signal, making evaluation of plaque behind it not
feasible [17]. However, IVUS was shown to be able to detect angiographically invisible
calcium [23]. On the other hand, IVUS is useful in assessment of lipid-rich plaque and red
thrombotic structures [24]. One other extension of classic IVUS is its combination with the
near-infrared spectroscopy (NIRS-IVUS), which allows to differentiate between lipid and
non-lipid plaques [25,26].

In the ULTIMATE trial, a multicenter prospective randomized study, Zhang et al.
enrolled a total of 1448 patients who required DES implantation. They were randomly
assigned to undergo PCI in either an IVUS-guided or angiography-only-guided group.
After 12 months, the incidence of target vessel failure (TVF) was assessed, including cardiac
death, target-vessel myocardial infarction and clinically driven target-vessel revascular-
ization. At 12 months follow-up, 60 TVFs (4.2%) occurred, with 21 (2.9%) in the IVUS
group and 39 (5.4%) in the angiography group (p = 0.019). Hence, a statistically significant
reduction in target vessel failure rate was shown in the IVUS-guided group, which the
authors mainly ascribe to IVUS being critical in complex lesion assessment, guiding post-
dilation and minimizing or edge complications during PCI. There is evidence to suggest
that IVUS-guided DES implantation significantly improved clinical outcomes in all-comers,
particularly for patients who had an IVUS-defined optimal procedure, compared with
angiography guidance [27].
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3. Advantages and Disadvantages of OCT Imaging

OCT is an intravascular imaging modality that uses infrared light (1–3 µm wave-
length), which provides very high spatial resolution (axial 10–20 µm and lateral 20–90 µm),
approximately ten times greater than that of IVUS [17]. Thus, OCT enables a more detailed
evaluation of the superficial plaque and of the endoluminal surface of the vessel (e.g.,
TCFA, stent architecture or plaque rupture) [17,28]. OCT might also allow detection of
small, subtle abnormalities of as of yet undetermined clinical significance [24].

Despite increased imaging resolution of OCT, the method also carries limitations. Since
the infrared light (wavelength of 1250–1350 nm) does not penetrate through hemoglobin,
there is a need for complete blood clearance from the vessel using the contrast agent [1].
For the same reasons, OCT is not always feasible in the assessment of ostial left main
coronary artery lesions [2] and in patients with severe renal failure. However, recently,
several different flushing agents were investigated, including crystalloids such as Ringer’s
solution or normal saline. Saline has been shown to produce images with similar quality
to contrast OCT acquisitions. Nevertheless, difficulties with blood mixing and potential
risk of triggering arrhythmia with non-contrast flushes exist. Alternative non-contrast
flush media with similar biocompatibility, viscosity, blood clearance capability, and optical
transparency are being investigated [3].

OCT has a significantly lower tissue penetration depth (1–2.5 mm) [2] (Table 1), leading
to limited visualization of the entire vessel wall. Thus, the plaque burden estimation is
impossible by OCT. On the other hand, OCT identifies plaque composition with high
accuracy, and is the gold standard to detect vulnerable plaques in vivo [29–31].

Furthermore, OCT provides high resolution images of the implanted stent is extremely
useful to guide PCI. However, lumen values obtained by OCT are lower than those provided
by IVUS. Therefore, novel OCT-guided stent sizing optimization algorithms [19] are based
on proximal and distal segment reference EEL measurements [1,24]. In addition, due to
superior resolution, the reproducibility of OCT measurements is better than IVUS [1].

The assessment of the coronary artery pre-PCI consists of a thorough analysis, where
OCT can visualize: the culprit lesion responsible for the myocardial infarction, morphology
of the lesion, which is a decisive factor in further therapeutic decisions regarding stent
length, diameter and its landing zone. All of the above are mentioned in the MLD MAX
algorithm (Morphology, Length, Diameter, Medial dissection, Apposition, Expansion). This
deepened evaluation optimizes PCI results and clinical outcomes of patients. However,
in order to benefit from intracoronary imaging modalities, it is important to understand
the layered anatomy of the vessel wall and the acquired OCT or IVUS images. A healthy
coronary artery wall comprises three layers (Figure 2); a lack of such a structure is an
indication of pathology, including the most common abnormalities: fibrous plaque, high
lipid plaque, calcified lesions or thrombi. If a fibrous plaque is visualized, a balloon
pre-dilatation or direct stenting is recommended. On the other hand calcified plaque
requires pre-dilatation with a non-compliant (NC) balloon, the use of a cutting balloon or
intracoronary lithotripsy [3].

Another strength of OCT is that infrared light may penetrate some calcium deposits,
providing detailed and spatial representation of their morphology, and thus, making OCT a
preferred modality for calcified plaque assessment [17]. A fibrocalcific plaque is described
as a heterogeneous lesion in the vessel wall. The OCT scan shows fibrocalcific plaques as
well-delineated signal-poor regions with sharp borders, which are typically surrounded
by brightly visualized fibrous tissue. It makes OCT useful in the decision-making process
to deploy techniques used to treat heavily calcified lesions, such as rotational/orbital
atherectomy or excimer laser coronary atherectomy. It enables the visualization of the entire
calcified lesion and allows to determine its localization, thickness, distribution and volume
using three-dimensional reconstructions, which aids in the choice of the most suitable
atherectomy technique [3].

Recently, an OCT scoring system was developed to predict the risk of stent underex-
pansion [32]. The software uses OCT pullbacks to assess the anatomy of coronary arteries,
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supported by artificial intelligence, which enables quick calcification quantification and
vessel sizing, therefore contributing to stent optimization.

Another advantage of OCT imaging is its suitability for three-dimensional (3D) re-
construction, facilitated by its high resolution, which provides accurate volumetric images
of the coronary tree. It might be useful in specific situation such as stent fracture [17] or
assessment of lesions located in coronary artery bifurcations.
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Figure 2. Examples of optical coherence tomography imaging: (a) demonstrating normal artery wall
comprising three-layered architecture: highly backscattering thin layer-intima, low backscattering-
media and heterogeneous layer-adventitia (b) an example of thin-cap fibroatheroma (blue arrows)
visible in one-year follow-up after bioresorbable vascular scaffold implantation.

4. Direct Comparison

Thus far presented evidence can lead to a conclusion that both modalities are comple-
mentary to each other; OCT is more suitable for plaque morphology assessment, whereas
IVUS visualizes the media and adventitia [33]. Many studies were conducted to compare
both techniques in certain situations (Table 2). It was proven that both IVUS and OCT can
detect diffuse intimal and medial thickening and luminal narrowing at the spasm site of
the coronary artery [34,35]. However, there is evidence that OCT enables more accurate
detection of functionally significant intermediate non-left main coronary artery stenoses
than intravascular ultrasound [36]. A meta-analysis of 7537 lesions in 6919 patients showed
that IVUS- and OCT-derived minimum lumen area (MLA) had a similar sensitivity in
predicting hemodynamically significant lesions (IVUS-MLA: 0.747 vs. OCT-MLA 0.732,
p = 0.519). However, OCT-MLA had a higher specificity (0.763 vs. 0.665, p < 0.001) and diag-
nostic accuracy in detecting flow-limiting stenoses than IVUS-MLA (AUC 0.810 vs. 0.754,
p = 0.045).

In the assessment of calcified lesions, OCT has an advantage over IVUS due to its
capacity to visualize and measure calcium thickness. This is a result of the different waves
used in each modality. Ultrasound waves nearly fully reflect from calcified lesion, whereas
infrared waves are able to penetrate calcium [3].

Several studies sought to investigate the differences of both modalities in terms of
stent implantation and how they can be used to optimize PCI. Habara et al. examined
70 patients with stable and unstable angina with FD-OCT and IVUS, in which stents were
implanted. The visibility of the vessel border was significantly lower in the OCT group
(p < 0.05). Moreover, the minimum and mean stent area, focal and diffuse stent expansion
were smaller in the OCT group (6.1 ± 2.2 mm vs. 7.1 ± 2.1 mm, 7.5 ± 2.5 vs. 8.7 ± 2.4 mm,
64.7 ± 13.7% vs. 80.3 ± 13.4%, 84.2 ± 15.8% vs. 98.8 ± 16.5%, p < 0.05, respectively).
The frequency of significant residual reference segment stenosis at the proximal edge was



J. Clin. Med. 2022, 11, 4055 6 of 15

higher in the OCT group (p < 0.05). There were no significant differences in pre-balloon
dilatation and stent size; however, the deployment pressure was higher in the IVUS group.
In addition, in the IVUS group, there was observed less residual stent-edge plaque burden.
Therefore, this study concluded with smaller stent expansion and more frequent significant
residual reference segment stenosis in the OCT-guided stent implantation in comparison
to the IVUS-guided group [37]. Kubo et al., in the prospective OPINION study, randomly
allocated 829 patients to perform IVUS-guided or OCT-guided PCI. The stent diameter
was smaller in the OCT group (p = 0.005), and there was a tendency towards longer stents
in the OCT-guided PCI (p = 0.06) [38]. The ILUMIEN III: OPTIMIZE PCI randomized
controlled trial enrolled patients from 29 hospitals in 8 countries, who presented with
one or more lesions located in a native coronary artery; however, left main, ostial right
coronary artery stenoses, bypass graft stenoses, chronic total occlusions, planned two-stent
bifurcations and in-stent restenoses were excluded. In total, 450 patients were divided into
groups with OCT, IVUS or angiography-guided stent implantation. All patients underwent
final OCT imaging. The final median minimum stent area was 5.79 mm2 (IQR 4.54–7.34)
with OCT guidance, 5.89 mm2 (4.67–7.80) with IVUS guidance and 5.49 mm2 (4.39–6.59)
with angiography guidance. OCT guidance was non-inferior to IVUS guidance (one-sided
97.5% lower CI −0.70 mm2; p = 0.001), but not superior (p = 0.42). OCT guidance was also
found not to be superior to angiography guidance (p = 0.12) [19]. The studies presented
above have shown that OCT, in comparison with IVUS, gives smaller measurement of stent
diameter, minimum stent area, mean stent area, focal and diffuse stent expansion (Figure 3).
This finding can be presumed to stem from the deeper tissue penetration provided by IVUS.
However, clinical significance of these observation is yet to be determined.
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Stent malapposition remains a widely acknowledged problem in interventional cardi-
ology. In 2012, a report from the International Working Group for Intravascular Optical
Coherence Tomography Standardization and Validation was published, stating that OCT
is more accurate for stent malapposition assessment, consequently being the preferred
modality for reducing the risk of stent thrombosis [39]. In the following years, not only
the OPUS-CLASS study, but also the ILUMIEN III: OPTIMIZE PCI trial displayed sim-
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ilar results with regard to acute malapposition imaging by OCT and IVUS. The same
lesions were analyzed with both techniques and acute malapposition was detected two
times more frequently by OCT than IVUS, i.e., 39% vs. 14% and 38.5% vs. 19.3%, in the
OPUS-CLASS Study and ILUMIEN III: OPTIMIZE PCI trial, respectively [19,40]. Maehara
et al. compared stent expansion in OCT- and IVUS-guided PCI from the ILUMIEN and
ADAPT-DES studies, finding a higher prevalence of post-PCI stent malapposition detected
by OCT, although the rate of major malapposition was similar after OCT- and IVUS-guided
stenting [24]. However, if angiography suggests late acquired stent malapposition, IVUS
is recommended because the evaluation of the entire vessel wall is possible, which is not
the case for OCT [1]. The exhibited research clearly states that in terms of acute stent
malapposition OCT is the superior modality related to IVUS. However, both modalities
substantially contribute to procedure optimization, considering that each technique is able
to detect stent malapposition and stent underexpansion—well-known predictors of adverse
clinical outcomes. The current European consensus states that the minimal stent area (MSA)
≥80% in relation to vessel lumen area reference and/or a MSA > 4.5 mm2 in an OCT image
is regarded acceptable and does not require additional invasive treatment [3].

Intravascular imaging modalities were also shown to be useful in coronary artery
spasm (CAS) detection. IVUS can provide clues to differentiate vasospastic from nonva-
sospastic angina by allowing to identify small lesion site plaque burden, negative remodel-
ing and diffuse coronary intimal thickening reflecting intimal hyperplasia in vasospastic
angina. IVUS is also able to detect the presence of occult atherosclerotic lesions at the
site of focal coronary artery spasm, even in the lack of angiographic signs of disease. [41]
Nevertheless, OCT imaging can provide detailed information about the structural changes
of coronary arteries in CAS patients. Studies have shown that in spastic-prone coronary ar-
teries, an increased medial area and thickness can be found [42]. Furthermore, the presence
of erosion at the coronary spasm site was identified in one-third of the cases, whereas the
presence of luminal irregularities in two-thirds of cases [43]. OCT can also be useful in the
assessment of thrombus at the spasm site [44].

Furthermore, OCT is more reliable than IVUS at identifying neoatherosclerosis, which
is associated with very late stent restenosis or thrombosis [1]. Due to the different un-
derlying mechanism of OCT, it is possible to evaluate tissue coverage of stent struts, and
therefore, prevent stent thrombosis [41]. OCT seems especially suitable for assessing throm-
bus, not only due to the higher resolution, but also the visible attenuation of the OCT
signal caused by red blood cells present inside the thrombus. It is described as an irregular
mass (≥250 µm) protruding into the lumen [42]. OCT and IVUS are useful tools in PCI
effect monitoring and predicting future major adverse cardiovascular events. OCT is the
modality of choice for visualizing neoatherosclerosis, stent restenosis or stent thrombosis,
due to the higher resolution of obtained images [3]. Several studies analyzed the use-
fulness of OCT and IVUS in assessment of tissue protrusion. In IVUS, it is imaged as a
relatively high echogenic signal, while in OCT, it is observed as a smooth surface with high
signal attenuation.

Moreover, OCT can detect plaques prone to rupture. The advantage of OCT stems from
its higher resolution in comparison to IVUS, which allows a more precise assessment [43]
(Figure 4). Rui et al. analyzed 348 slices from the same lesions using both OCT and IVUS.
The mean value difference between OCT and IVUS cap thickness measurements was 1.83%
(p = 0.031). However, the mean value of point-to-point differences was 35.76%. The study
group concluded that there were significant differences between IVUS and OCT plaque
cap thickness measurements [44]. Similar conclusions were made by Ueki et al., who
analyzed lesions with RF-IVUS and OCT. Out of the 208 lesions classified as TCFA (thin
cap fibroatheroma) by RF-IVUS, 14 (6.7%) were also classified as TCFA in OCT, 60 (28.8%)
as ThCFA (thick cap fibroatheroma), 101 (48.6%) as fibrosclerotic, 29 (13.9%) as fibrous
and 4 (1.9%) as a normal vessel. All OCT assed TCFA (n = 14) were confirmed as TCFA
by RF-IVUS. The concordance rate between RF-IVUS and OCT for TCFA diagnosis was
29.7% [45].
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copyright year 2013.

Kobayashi et al. sought to determine the differences in stent expansion between an
OCT-guided and IVUS-guided rotational atherectomy. Burr upsizing was more frequent
(55% vs. 32%, p = 0.001) and the final burr size was larger (1.75 [1.50–1.75] vs. 1.50 [1.50–1.75]
mm, p < 0.001) in the OCT-guided group. The stent expansion percentage was greater in
the OCT group (83 ± 15% vs. 72 ± 16%, p = 0.0004). The authors concluded that perhaps an
OCT-guided rotational atherectomy may be the modality of choice when treating calcified
coronary lesions [46].

The ILUMIEN III OPTIMIZE PCI trial examined clinical outcomes of an OCT- or
IVUS-guided PCI. The results state that the assessment of non-complex lesions did not
show a statistical difference in clinical outcomes at a 12-month follow-up between the
two methods regarding target lesion failure (2.0% OCT; 3.7% IVUS) and major adverse
cardiovascular events (9.8% OCT; 9.1% IVUS) [47]. Moreover, Kubo et al. conducted a
study in which target vessel failure within 12 months after an OCT- or IVUS-guided PCI
was the primary outcome. There was no statistically significant difference between the two
modalities (5.2% OCT; 4.9% IVUS, p = 0.042 for non-inferiority testing [38]. Furthermore,
Jones et al. analyzed in a cohort study of 87,166 patients the follow-up mortality in people
who underwent an OCT- or IVUS-guided PCI. They suggest that the use of OCT and
IVUS are of comparable value in terms of cardiovascular mortality [48]. Importantly, both
modalities enable to optimize PCI. The studies using IVUS (ULTIMATE TRIAL and CLI-
OPCI II TRIAL) showed that the suboptimal implantation of a stent significantly increases
the risk of MACE at follow-up [49,50]. Therefore, PCI optimization with OCT and IVUS
imaging improves patients’ outcomes.
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Table 2. A summary of recent studies comparing OCT vs. IVUS.

Study Study Type Aims of Investigation Results

Ramasamy et al. [36]
(n = 6919) Meta-analysis

IVUS vs. OCT in detection of
functionally significant

intermediate non-left main
coronary artery stenoses.

• IVUS and OCT have similar sensitivity in
predicting haemodynamically significant
lesions (IVUS-MLA: 0.747 vs. OCT-MLA
0.732, p = 0.519).

• OCT-MLA had a higher specificity (0.763 vs.
0.665, p < 0.001) and diagnostic accuracy in
detecting flow-limiting stenoses than
IVUS-MLA (AUC 0.810 vs. 0.754, p = 0.045).

Habara et al. [37]
(n = 70)

Randomized
controlled trial

Evaluation of FD-OCT guidance
for coronary stent implantation

compared with IVUS guidance in
patients with stable and

unstable angina.

• Smaller stent expansion in the FD-OCT
guided stent implantation in comparison to
the IVUS guided group (minimum and
mean stent area, focal and diffuse stent
expansion were smaller in the FD-OCT
group, p < 0.05).

• Frequency of significant residual reference
segment stenosis at the proximal edge was
higher in the FD-OCT group (p < 0.05).

• No significant differences in pre-baloon
dilatation and stent size.

OPINION
Kubo et al. [38]

(n = 829)

Randomized
controlled trial

Comparison of OFDI-guided PCI
compared with IVUS-guided PCI

in terms of clinical outcomes.

• 12-month clinical outcome in patients
undergoing OFDI-guided PCI was
non-inferior to that of patients undergoing
IVUS-guided PCI, defined by target vessel
failure (composite of cardiac death,
target-vessel related myocardial infarction,
and ischaemia-driven target vessel
revascularization).

• stent diameter was smaller in the OCT
group (p = 0.005), with a tendency towards
longer stents in OCT guided PCI (p = 0.06).

ILUMIEN III:
OPTIMIZE PCI

Ali, Maehara et al. [19]
(n = 450)

Randomized
controlled trial

Investigation of OCT and IVUS
guided stent sizing in

comparison with coronary
angiography.

• OCT guidance was non-inferior to IVUS
guidance (one-sided 97.5% lower
CI—0.70 mm2; p = 0.001), but also not
superior (p = 0.42).

• OCT guidance was also found not to be
superior to angiography guidance (p = 0.12).

• At a 12-month follow up there was no
statistical difference in clinical outcomes
between IVUS and OCT.

• Acute stent malapposition was detected two
times more frequently by OCT than IVUS
(38.5% vs. 19.3%).

OPUS-CLASS
Kubo et al. [40]

(n = 100)

Prospective
study

Investigation of reliability of
frequency domain optical

coherence tomography (FD-OCT)
for coronary measurements
compared with quantitative

coronary angiography (QCA) and
intravascular ultrasound (IVUS).

• The minimum lumen area measured byI
VUS was significantly greater than that by
FD-OCT (3.68 2.06 mm2 vs. 3.27 2.22 mm2,
p < 0.001).

• Acute stent malapposition was detected two
times more frequently by OCT than IVUS
(39% vs. 14%).
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Table 2. Cont.

Study Study Type Aims of Investigation Results

Jones et al. [48]
(n = 87,166) Cohort study

Determination of the effect on
long-term survival of patients
who underwent an OCT- or an

IVUS-guided PCI.

• OCT-guided procedures were associated
with greater procedural success rates and
reduced in-hospital MACE rate.

• A significant difference in mortality was
observed between patients who underwent
OCT-guided PCI (7.7%) compared with
patients who underwent either IVUS-guided
(12.2%) or angiography-guided (15.7%;
p < 0.0001) PCI

• Both intravascular modalities were
predictors of survival, proving the
superiority of clinical outcomes when the
new imaging techniques were part of the
diagnostic process

Saleh et al. [51]
(n = 1544) Meta-analysis

Comparison of the clinical
outcomes between OCT-guided

and IVUS-guided low risk
percutaneous coronary

intervention.

• The analysis showed a similar risk of major
cardiac adverse events (OCT 5.0% vs. IVUS
4.7%, p = 0.90), risk of all-cause death (OCT
2.7% vs. IVUS 1.7%, p = 0.44), myocardial
infarction (OCT 1.5% vs. IVUS 1.3%,
p = 0.76), stent thrombosis (OCT 0.3% vs.
IVUS 0.4%, p = 0.66) and target lesion
revascularization (OCT 2.2% vs. IVUS 2.6%,
p = 0.59)

A recent meta-analysis by Saleh et al. sought to compare the clinical outcomes between
OCT-guided and IVUS-guided low-risk percutaneous coronary intervention [51]. The
authors included 5 studies, with a total of 1544 patients. The analysis showed a similar
risk of major cardiac adverse events (OCT 5.0% vs. IVUS 4.7%, p = 0.90), risk of all-cause
death (OCT 2.7% vs. IVUS 1.7%, p = 0.44), myocardial infarction (OCT 1.5% vs. IVUS
1.3%, p = 0.76), stent thrombosis (OCT 0.3% vs. IVUS 0.4%, p = 0.66) and target lesion
revascularization (OCT 2.2% vs. IVUS 2.6%, p = 0.58). These findings strongly indicate
that OCT and IVUS represent comparable modalities for PCI guidance when it comes to
clinical outcomes.

In summary, in clinical practice, the beneficial impact of intravascular imaging on
outcomes is related to each step of invasive management of coronary stenosis:

(i) More individualized lesion preparation based on the identified plaque morphology
(i.e., OCT might be employed as a stent expansion tool since the presence of calcifica-
tions covering >180◦ of the vessel circumference and the length of these calcifications
>5 mm in the OCT assessment increase the risk of stent underexpansion [30,52])
(Figure 5). In such patients, high-speed rotablation, orbital atherectomy or lithotripsy
might be electively utilized to ensure successful PCI result [30,53–55].

(ii) Precise stent sizing and meticulous post dilatation ensuring adequate stent expansion
and strut apposition, thereby decreasing the risk of complications [3–5,51].

(iii) In case of PCI failure, the critical role of OCT and IVUS has been well documented
in the identification of the mechanisms underlying stent thrombosis and restenosis,
thus facilitating their appropriate management [3,8,10]. Since the clinical adoption of
the intravascular imaging modalities is still suboptimal in cathlabs across the world,
of paramount importance is the ongoing post-graduate training of interventional
cardiology community accompanied by sufficient reimbursement of these clinical
outcome-improving techniques.
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5. Combined IVUS OCT Catheters

An analysis of a single vessel by both IVUS and OCT requires the use of two separate
catheters. Such a method is associated with some limitations, primarily an accurately
overlapping thorough vessel analysis in images obtained by both modalities, as well as an
increased risk of procedural side effects [56,57]. In order to address this matter, combined
catheters were designed, which register the exact same area by both modalities at the same
time. During the past decade, significant progress in this area has been made with the first
of such a catheter used in the clinical settings in 2018. Such a system overlaps IVUS and
OCT images, enabling a complete vessel wall visualization and evaluation [57]. Combining
two techniques with each other within one catheter will deliver a wide range of available
data, resulting in an optimization of the therapeutic approach (Table 3).

Table 3. Comparison of visualization and assessment capabilities between IVUS and OCT.

OCT Visualization and Assessment of IVUS

= Non-complex lesions =

Left main assessment and stenting optimization +

+ Acute stent malapposition

+ Neoatherosclerosis

+ Stent thrombosis

+ Plaques prone to rupture

+ Calcified plaques

6. Conclusions

Not only clinical studies but also meta-analyses have demonstrated that both OCT
and IVUS improve PCI results, reducing mortality, major adverse cardiovascular events,
and the length of the hospitalization [4,6,48]. The benefits seem to be the greatest among
the high-risk patients and complex lesions. In clinical practice, physicians should take
into consideration the differences between the two methods, mainly higher resolution
but lower penetration of OCT and, conversely, lower resolution but higher penetration
of IVUS, in order to establish the optimal strategy (Figure 6). The presented studies
demonstrate increased applicability in day-to-day practice; presumably, both modalities
may be an integral element of routine cardiovascular imaging examinations in the future.
All interventionalists should become familiar and regularly trained with the two modalities.
Large-scale trials are underway to specifically evaluate the long-term prognostic impact of
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intravascular imaging use. Moreover, ongoing efforts are made to enhance new alterations
of both modalities i.e., high resolution IVUS or OCT 3D reconstructions. Additionally,
studies combining OCT and IVUS into a single catheter are in progress. These innovations
are undoubtedly expected to bring further marked advancements in this field of cardiology.
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