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ABSTRACT

Introduction: Coronary angiography (CAG) is
the standard modality for assessment of coro-
nary stenoses and intraprocedural guidance of
percutaneous coronary interventions (PCI).
However, the limitations of CAG are well rec-
ognized. Intracoronary imaging (ICI) can
potentially overcome these limitations.
Intravascular ultrasound (IVUS) and optical
coherence tomography (OCT) are the main ICI
techniques utilized in clinical practice.
Aim: This narrative literature review addresses
the current clinical applications of OCT in
relation to IVUS and CAG in patients with
coronary artery disease (CAD). Items reviewed
are: technical implications of OCT and IVUS,
lesion characterization and decision-making,
stent optimization criteria, post-stenting
results, safety in terms of procedural complica-
tions, clinical outcomes, and indications.

Main Findings: OCT is able to reveal more
detail than IVUS due to its higher resolution.
However, this higher resolution comes at the
cost of a lower penetration depth. Pre-stenting
OCT results in procedural change in more than
50% of the cases in terms of stent length and
diameter. Post-stenting OCT resulting in stent
optimization is reported in at least 27% of the
cases. Malapposition and under-expansion are
treated with post-dilatations, while edge dis-
sections are treated with additional stent
placement. Stent expansion, stent apposition,
distal stent edge dissections, and reference
lumen areas seem to be the most important
stent optimization criteria for both decision-
making and for reducing the risk of adverse
events during follow-up. Both OCT and IVUS
are superior in terms of post-stenting results
compared with CAG alone. However, there is no
consensus about whether OCT guidance results
in better stent expansion than IVUS guidance.
OCT, IVUS, and CAG are safe procedures with
few reported procedural complications. In gen-
eral, OCT guidance seems to contribute to
favorable clinical outcomes compared with
CAG guidance only. However, OCT guidance
results in similar clinical outcomes as with IVUS
guidance. OCT could be considered for lumen
assessment and stent-related morphology in
more complex cases in which CAG interpreta-
tion remains uncertain. Since OCT and IVUS
have distinct characteristics, these techniques
are complementary and should be considered

Digital features To view digital features for this article
go to https://doi.org/10.6084/m9.figshare.12425108.

Electronic supplementary material The online
version of this article (https://doi.org/10.1007/s40119-
020-00185-4) contains supplementary material, which is
available to authorized users.

T. T. M. Oosterveer � S. M. van der Meer �
R. W. C. Scherptong (&) � J. W. Jukema
Department of Cardiology, Leiden University
Medical Center, Leiden, The Netherlands
e-mail: r.w.c.scherptong@lumc.nl

Cardiol Ther (2020) 9:307–321

https://doi.org/10.1007/s40119-020-00185-4

http://orcid.org/0000-0001-9125-4601
https://doi.org/10.6084/m9.figshare.12425108
https://doi.org/10.1007/s40119-020-00185-4
https://doi.org/10.1007/s40119-020-00185-4
https://doi.org/10.1007/s40119-020-00185-4
https://doi.org/10.1007/s40119-020-00185-4
http://crossmark.crossref.org/dialog/?doi=10.1007/s40119-020-00185-4&amp;domain=pdf
https://doi.org/10.1007/s40119-020-00185-4


carefully for each patient case based on the
benefits and limitations of both techniques.

Keywords: Coronary artery disease;
Intracoronary imaging; Intravascular
ultrasound; Optical coherence tomography;
Percutaneous coronary interventions

Key Summary Points

Why carry out this study?

Despite growing evidence, the adoption of
coronary optical coherence tomography
(OCT) in clinical practice remains limited.

This study aimed to assess the current
clinical applications of OCT in relation to
intravascular ultrasound (IVUS) and
coronary angiography (CAG) in patients
with coronary artery disease.

What was learned from the study?

Both OCT and IVUS are superior in terms
of post-stenting results compared with
CAG alone.

OCT and IVUS are complementary and
should be considered carefully for each
patient, based on the benefits and
limitation of both techniques.

Further research is needed to assess which
patients benefit the most from
intracoronary imaging, ideally
differentiating between OCT and IVUS.

INTRODUCTION

Coronary angiography (CAG) is the standard
modality for the assessment of coronary ste-
noses and intraprocedural guidance of percuta-
neous coronary interventions (PCI) [1].
However, CAG has some well-recognized limi-
tations. CAG results in a two-dimensional
luminogram of a complex three-dimensional
structure, which mainly shows luminal

dimensions. CAG is limited in characterization
of tissue or plaque (except for calcium, coarse
ulcerations, or large dissections) and assessing
features associated with suboptimal stent
deployment [1–4]. However, these characteris-
tics all contain important prognostic informa-
tion, necessitating more advanced visualization.

Intracoronary imaging (ICI) can potentially
overcome these limitations of CAG. According
to the recent guidelines on myocardial revas-
cularization of the European Society of Cardi-
ology (ESC) and the European Association for
Cardio-Thoracic Surgery (EACTS), ICI can
potentially be used during the diagnostic pro-
cess of the evaluation of stenosis severity, lesion
morphology, and the characterization of plaque
composition [5]. The guideline states that ICI
should be considered for (1) optimizing stent
implantation and (2) detecting stent-related
mechanical problems leading to restenosis.

Intravascular ultrasound (IVUS) and optical
coherence tomography (OCT) are the most
common techniques for ICI and provide cross-
sectional images of the vessel wall with a high
resolution [6, 7]. The benefits of IVUS guidance
on clinical outcome and stent optimization
have been reported in multiple meta-analyses
[8–12]. However, the benefits of OCT in relation
to IVUS are not always clear. Despite growing
evidence, the adoption of ICI in clinical practice
remains limited [13].

This narrative literature reviewaimed to assess
current clinical applications of OCT, in relation
to IVUSandCAG inpatientswith coronary artery
disease (CAD). This review addresses:

(1) A short comparison of technical implica-
tions of OCT and IVUS;

(2) Lesion characterization and decision-
making;

(3) Stent optimization criteria;
(4) Post-stenting results;
(5) Safety in terms of procedural

complications;
(6) Clinical outcomes;
(7) Indications.

This article is based on previously conducted
studies and does not contain any studies with
human participants or animals performed by
any of the authors.
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TECHNOLOGICAL IMPLICATIONS

OCT is often defined as analogous to IVUS, as
both techniques result in cross-sectional images
by measuring the echo time delay and magni-
tudes of backscattered waves. However, the
optical aspect of OCT compared to ultrasound
has certain implications. First, OCT provides an
axial spatial resolution of 10 to 20 lm whereas
IVUS provides an axial spatial resolution of 100
to 200 lm. Lateral resolutions are typically
20 lm and 200 lm for OCT and IVUS, respec-
tively. In contrast, IVUS has a maximum pene-
tration depth of 10 mm, where OCT has a
penetration depth of only 1 to 2.5 mm [14–17].
OCT is able to reveal more detail than IVUS due
to its higher resolution. However, image inter-
pretation should be performed carefully, as it is
not clear whether small detailed abnormalities
are clinically relevant [18].

With the introduction of Fourier domain
OCT, high image acquisition speeds can be
acquired with OCT (up to 25 mm/s). A major
drawback of OCT imaging is the need for a
contrast agent for blood clearance, as near-in-
frared light is fully attenuated by blood. Espe-
cially for patients with renal dysfunction, this
extra use of contrast increases the risk of con-
trast-induced nephropathy (CIN) [15]. Another
drawback of OCT is the inability to image ostial
lesions as blood clearance is hampered, if not
impossible [16, 19]. The technical specifications
of OCT and IVUS are summarized in Table 1.

LESION CHARACTERIZATION
AND DECISION-MAKING

Plaque rupture is one of the main causes of
myocardial infarction (MI). The most vulnera-
ble plaques are those with a large lipid core and
a thin fibrous cap [20, 21]. A thin fibrous cap
(\65 lm), large lipid core (lipid in C 2 quad-
rants in any image), and activated macrophages
(multiple punctate signal-rich regions) near the
fibrous cap were identified as characteristics of
vulnerable plaques in OCT autopsy studies
[22–26]. Future clinical trials should demon-
strate whether OCT can definitively distinguish
vulnerable from stable plaques. Recently,

spontaneous coronary artery dissection (SCAD)
gained recognition as a cause of acute coronary
syndrome (ACS), specifically in women. The
exact pathophysiology of SCAD remains fairly
unknown. Nonetheless, ICI can help to identify
the false lumen and intramural hematoma
between the intima and media resulting in
vessel occlusion, as it is difficult to distinguish
SCAD from atherosclerotic lesions with con-
ventional CAG [27]. OCT studies suggest the
presence of a crescent-shaped false lumen and
the presence of fenestrations between the true
lumen and false lumen as characteristics of
SCAD [28–31]. Most experts recommend OCT
over IVUS to assess SCAD, due to its better
spatial resolution [32]. Furthermore, ICI pro-
vides insight into the composition of coronary
arterial thrombus and stent thrombosis. OCT
seems especially suitable for assessing throm-
bus, due to the higher resolution and the
attenuation of the OCT signal by red blood cells
[33, 34]. Thrombus is characterized as an irreg-
ular mass (C 250 lm) protruding into the
lumen [33, 35]. Red thrombus (erythrocyte-rich)
is visualized by OCT as a high-backscattering
projection with signal-free shadowing. White
thrombus (platelet-rich) is visualized as a signal-
rich, low-backscattering projection [33].

Pre-stenting OCT results in procedural
change in 57–71.4% of the lesions. Most chan-
ges include changes in stent length and diam-
eter [36–38]. Wijns et al. [36] found no change
in the number of stents implanted [36]. Leistner
et al. [37] found that changes in strategy
occurred more frequently in complex lesions
(60.7% in complex lesions vs. 10.7% in simple
lesions, p = 0.01) [37]. Remarkably, Meneveau
et al. [38] reported no differences in stent length
or diameter. However, Meneveau et al. reported
an increase of glycoprotein inhibitors as OCT
was able to visualize a significant higher rate of
thrombus [38]. Differences in outcome can be
explained by the different patient characteris-
tics between the studies. More than 80% of the
patients in the study by Leistner et al. are
characterized as stable CAD. Meneveau et al.
only included patients with non-ST elevation
MI (NSTEMI), whereas Wijns et al. included
patients with stable CAD, unstable CAD, and
NSTEMI.
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Multiple studies report on the effect of post-
stenting OCT on decision-making [36–40]. Stent
optimization was performed in 27–52.2% of the
lesions. Decisions were mainly based on stent
malapposition, under-expansion, or edge dis-
sections. Malapposition and under-expansion
resulted in post-dilatation, while edge dissec-
tions resulted in additional stent placement.
Meneveau et al. [38] reported post-stenting
optimization based on OCT in 50% of the
patients compared with 22.5% in the CAG
group (p\ 0.0001) [38].

STENT OPTIMIZATION CRITERIA

IVUS or OCT should be considered for stent
optimization, according to recent guidelines
and consensus documents [5, 13, 41, 42]. Most
studies included in this review used stent opti-
mization criteria derived from the MUSIC study
by De Jaegere et al. [43]. De Jaegere et al. were
the first to establish criteria for optimal stent
expansion by IVUS guidance. Under-expansion,
malapposition, and edge dissections are the
most important optimization criteria. Although
small variations occur, under-expansion was

mostly defined by a minimal stent area (MSA) or
minimal lumen area (MLA)\ 90% of the aver-
age reference lumen area [2, 37–40, 44–47].
Malapposition was defined as a stent lumen
distance[200 lm. Malapposition was indi-
cated for optimization when present in at least
five consecutive frames or in three consecutive
struts [36, 37, 39, 45, 48, 49]. Edge dissection
was defined as a linear rim of tissue C 200 lm,
5 mm proximal or distal from the stent edge.
Edge dissections were optimized when present
in more than five consecutive frames
[36, 39, 40, 45, 49]. Most studies used more
optimization criteria, such as the presence of
thrombus, tissue protrusions, and complete
lesion coverage. However, these criteria differed
considerably between studies. Full criteria used
by the OCT studies are provided in supple-
mentary Table S1.

POST-STENTING RESULTS

Numerous studies have demonstrated that IVUS
guidance compared with CAG guidance results
in larger luminal dimensions and thus reduce
the incidence of major adverse cardiovascular

Table 1 Technical specifications of OCT and IVUS as reported in different publications [15–17]

OCT IVUS

Image source (wavelength) Near-infrared light (1.3 lm) Ultrasound (35–80 lm)

Minimum guiding catheter size 6 Fr 5 Fr

Axial resolution 10–20 lm 100–200 lm

Lateral resolution 20–40 lm 200–300 lm

Penetration depth 1–2.5 mm 4–10 mm

Image acquisition speed Up to 25 mm/s 0.5 mm/s

Contrast for blood clearance 10–15 ml per pull-back Not required

Distal catheter diameter* 2.7F (0.9) 3.5F (1.2 mm)

Largest catheter diameter* 3.2F (1.1 mm) 3.5F (1.2 mm)

Maximum guide wire diameter* 0.01400 (0.36 mm) 0.01400 (0.36 mm)

IVUS intravascular ultrasound, OCT optical coherence tomography
*Based on manufacturer specifications: the Dragonfly Imaging Catheter for OCT and the Eagle Eye Platinum ST Catheter
for IVUS
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events (MACE) during follow-up. Stent expan-
sion after PCI is the most compelling predictor
of early stent thrombosis and restenosis
[2, 8, 9, 12, 50–53]. However, Wijns et al. [36]
reported a decrease in stent diameter in 31% of
the lesions based on pre-stenting OCT [36].
According to a randomized controlled trial
(RCT) by Habara et al. [44] comparing OCT
guidance with IVUS guidance in 70 patients,
OCT guidance was associated with a smaller
stent expansion compared with IVUS guidance.
Nonetheless, strong correlations were found
between MSA and mean stent area comparing
OCT with IVUS (r = 0.96 and r = 0.95, respec-
tively, p\0.0001). Habara et al. mentioned the
low penetration depth of OCT as a potential
factor driving under-expansion [44].

Prati et al. retrospectively analyzed end-pro-
cedural OCT findings and the risk of MACE in
832 patients. MACE was defined as a composite
of all-cause mortality, myocardial infarction
(MI), and target lesion revascularization (TLR).
In-stent MLA\ 4.5 mm2 (HR 1.64 (1.1–2.6),
p = 0.040), distal dissection[ 200 lm (2.54
(1.3–4.8), p = 0.004), distal reference lumen
area\4.5 mm2 (HR 4.65 (2.5–8.8), p\ 0.001)
and proximal reference lumen area\4.5 mm2

(HR 5.73 (2.2–14.6), p\0.001) were indepen-
dent predictors of MACE. The absence of at least
one significant criterion for optimal OCT stent
deployment was also an independent predictor
of MACE (HR 3.53 (2.2–5.8), p\0.001) [49].

An RCT by Ali et al. [2] found that OCT
guidance was non-inferior to IVUS guidance in
terms of MSA. However, OCT was not superior.
Compared to CAG guidance, OCT resulted in
significant higher minimum and mean stent
expansions (p = 0.02 and p = 0.001, respec-
tively). No significant differences in MSA were
found between OCT, IVUS, and CAG [2]. Mae-
hara et al. [18] found similar results as Ali et al.
[18, 36, 54]. However, malapposition, tissue
prolapse, and edge dissections were detected
more often with OCT than with IVUS.

Since the introduction of drug-eluting stents
(DES), the rate of in-stent restenosis has declined
[55]. Incomplete endothelial strut coverage is a
predictor of late in-stent restenosis [56, 57].
Antonsen et al. (OCTACS, 2015) conducted an
RCT on whether OCT-guided stenting resulted

in improved stent strut coverage at 6 months
compared with CAG guidance only. In total, 85
patients were included in a single center in
Denmark. The percentage of uncovered struts
was significantly lower in the OCT group (4.3%
(1.2–9.8) vs. 9.0% (5.5–14.5), p\0.01). In
addition, OCT guidance led to completely cov-
ered struts in 17.5% of the cases vs. 2.2% for
CAG guidance (p = 0.02). OCT guidance led to a
significant reduction in the total malapposition
area, volume, and the percentage of malapposed
struts directly after stenting. However, no dif-
ferences were observed in stentmalapposition or
MSA after 6 months [45]. An RCT by Lee et al.
[58] found similar results [58]. An RCT by Men-
eveau et al. [38] compared post-procedural frac-
tional flow reserve (FFR) after OCT guidance and
CAG guidance. OCT guidance was performed
both before and after stent placement. Multiple
OCT runs could be performed until satisfactory
results were acquired. As a result, FFR values of
the OCT group were significantly higher
(0.94 ± 0.04 vs. 0.92 ± 0.05, p = 0.005). In
addition, the number of patients with an
FFR[0.90 at the end of the procedure was sig-
nificantly higher in the OCT group (82.5 vs.
64.2%, p = 0.0001) [38]. Gatto et al. [59] retro-
spectively analyzed 125 lesions in patients who
experienced MACE during 1-year follow-up.
Fifty-seven lesions (54%) of 105 optimal CAG
results showed suboptimal stenting results on
OCT. Stent MLA\ 4.5 mm2 and narrowing of
the references were the most common features
of suboptimal stent deployment identified with
OCT [59].

Thus, OCT-guided stenting improves strut
coverage and stent apposition, while reducing
tissue protrusions compared to CAG guidance.
OCT is non-inferior, but not superior to IVUS
guidance. However, there is no consensus about
whether OCT guidance or IVUS guidance results
in better stent expansion. Full results of post-
stenting results are provided in supplementary
Table S2.

PROCEDURAL COMPLICATIONS

To establish whether OCT-guided PCI is a safe
procedure, studies that addressed safety in the
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form of procedural complications after OCT-
guided PCI were identified
[2, 36, 38–40, 47, 60]. In general, the incidences
of procedural complications, including con-
trast-induced nephropathy (CIN), were low and
not different from either IVUS-guided or CAG-
guided stenting. One propensity-matched
cohort (1134 pairs) by Jones et al. [60] found
that OCT-guided stenting was associated with
even lower in-hospital MACE compared with
CAG guidance alone (0.80 vs. 2.00%, p = 0.01)
[60]. Full results of procedural complications are
provided in supplementary Table S3.

CLINICAL OUTCOMES

To establish whether OCT-guided stenting
results in favorable clinical outcomes, studies
which addressed clinical outcomes after OCT-
guided stenting were identified
[36, 38–40, 45, 47, 60, 61]. Although the evi-
dence is scarce and follow-up times are short,
clinical outcomes in terms of MACE seem
favorable for OCT-guided stenting over CAG-
guided stenting. However, no differences were
observed between OCT-guided and IVUS-guided
stenting. Full results are discussed below and an
overview is provided in supplementary Table S4.

Imola et al. (2010) prospectively performed
pre-PCI OCT in 40 patients with ambiguous
lesions. Post-PCI OCT was performed in 74
patients for post-stent assessment. Clinical fol-
low-up was available in 88 patients with mean
follow-up of 4.6 ± 3.2 months. No deaths, MI,
or stent thrombosis were observed. Angina
recurrence was observed in three patients with
restenosis, leading to one coronary artery
bypass grafting (CABG) and one re-PCI [39].

Prati et al. (CLI-OPCI, 2012) retrospectively
compared 335 matched patient pairs undergo-
ing either OCT guidance plus CAG guidance or
CAG guidance only. Twelve-month follow-up
showed a significantly lower risk of cardiac
death for the OCT group (4 (1.2%) vs. 15 (4.5%),
p = 0.010). MI occurred in 18 (5.4%) vs. 29
(8.7%) patients in the OCT group and CAG
group, respectively (p = 0.096). The incidence of
the composite of cardiac death and MI was sig-
nificantly lower in the OCT group (P = 0.006).

After multivariable logistic regression analysis,
propensity score-adjusted analysis and Cox
proportional hazard analysis OCT remained
associated with a significantly lower risk of
cardiac death or MI. No differences were
observed in stent thrombosis or TLR [40].

An RCT by Antonsen et al. (OCTACS, 2015)
compared OCT-guided PCI with CAG-guided
PCI in 85 patients with NSTEMI. During a
6-month follow-up, two patients (4%) from the
CAG group had MACE (one subacute stent
thrombosis and one cardiac death). No cardiac
events were reported in the OCT group [45].

Wijns et al. (ILUMIEN I, 2015) reported on
the occurrence of cardiac events in patients
with unstable or stable angina or NSTEMI in a
large intercontinental prospective trial. The
data were analyzed based on four optimization
groups: PCI without optimization based on
OCT (N = 137), optimization based on pre-PCI
OCT only (N = 163), optimization based on
post-PCI OCT only (N = 40), and optimization
based on both pre-PCI and post-PCI OCT
(N = 65). In general, all rates of cardiac events
were low. Device-oriented MACE after 30-day
follow-up were observed in 8.8, 8, 12.5, and
1.5%, respectively. Patient-oriented MACE after
30-day follow-up were observed in 10.9, 9.8,
12.5, and 1.5%, respectively. Rates of peripro-
cedural MI after 30-day follow-up were signifi-
cantly lower when procedural changes were
made based on pre-PCI and post-PCI OCT
(p = 0.029). Other events, such as revascular-
ization and stent thrombosis, rarely occurred
[36].

An RCT by Meneveau et al. (DOCTORS,
2016) including 240 patients with non-ST ele-
vation ACS (NSTE-ACS) reported similar rates of
MACE for OCT optimization vs. CAG opti-
mization groups after 6-month follow-up. There
was one death in the OCT-guided group and
one recurrent MI in each group. No stent
thrombosis was observed and no significant
difference in the rate of target vessel revascu-
larization (TVR) [38].

Iannaccone et al. (FORMIDABLE, 2017) ret-
rospectively analyzed 270 propensity matched
patient pairs with ACS, comparing OCT-guided
PCI with CAG-guided PCI. After a mean follow-
up of 700 days, no differences in MI (6 vs. 6%,
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p = 0.86) were observed. MACE (11 vs. 16%,
p = 0.06), TVR (2 vs. 4%, p = 0.15) and stent
thrombosis (0 vs. 2.7%, p = 0.26) were numeri-
cally lower for OCT, but not significant [61].

An RCT by Kubo et al. (OPINION, 2017)
aimed to demonstrate non-inferiority of OCT-
guided PCI compared with IVUS guidance in
terms of clinical outcome. The primary out-
come was target vessel failure (TVF), defined as a
composite of cardiac death, target-vessel-related
MI and ischemia-driven TVR. Secondary out-
comes were cardiac death, MI, vessel revascu-
larization, lesion revascularization, MACE, stent
thrombosis, restenosis, stroke, and CIN. In
total, 791 patients were analyzed in a per-pro-
tocol analysis. Within 12 months, TVF was
observed in 21 patients (5.2%) in the OCT-gui-
ded group vs. 19 patients (4.9%) in the IVUS-
guided group, p = 0.042 for non-inferiority
testing. No differences in secondary outcomes
were observed. Most noteworthy, no cases of
CIN occurred in both groups, although OCT led
to a significant higher amount of contrast used
during PCI (164 ± 66 ml vs. 138 ± 56 ml) [47].

Jones et al. (Pan-London PCI registry, 2018)
analyzed the occurrence of all-cause mortality
in a cohort of 87,166 patients who received PCI
between 2005 and 2015. OCT was used in 1149
patients, IVUS in 10,971 patients, and CAG
alone in 75,046 patients. A significant differ-
ence in mortality was found after a median
follow-up of 4.8 years: 7.7% vs. 12.2% vs. 15.7%
(p\ 0.0001), respectively. This difference was
observed for both elective as ACS subgroups.
This difference persisted for OCT vs. CAG after
multivariate Cox analysis and propensity score
matching. No differences were found between
matched OCT and IVUS cohorts [60].

Currently, two large RCTs are initiated to
demonstrate the superiority of OCT-guided
stent implantation compared to CAG-guided
stenting in terms of MACE after 2 years of fol-
low-up. The ILUMIEN IV trial is a multi-center
RCT in 125 countries across the globe [62]. They
aim to include 3656 patients. The first results
are expected mid-2021, while the estimated
completion date is mid-2022. The OCTOBER
trial is a European RCT that aims to demon-
strate the superiority of OCT-guided stenting in
bifurcations lesions [63]. They aim to include

1200 patients. The first results are expected in
May of 2021.

INDICATIONS

In a web-based survey among 1105 interven-
tional cardiologists, stent optimization (88.5%),
preprocedural strategy guidance (79.6%), and
left-main interventions (77.0%) were the main
indications for ICI. High costs (65.9%) and
prolongation of the procedure (35.0%) were
mentioned as the main factors limiting the use
of ICI [13].

A recent consensus document by the Euro-
pean Association of Percutaneous Cardiovascu-
lar Interventions (EAPCI) appraised current
evidence on clinical indications for ICI [42]. Pre-
PCI strategy guidance and stent optimization
are the main clinical applications of both OCT
and IVUS [5, 13]. Patients with ACS and com-
plex lesions, including left-main, bifurcation,
chronic total occlusion (CTO) and long lesions,
benefit the most from ICI regarding all-cause
mortality and MACE [12, 50]. Two RCTs showed
that OCT is non-inferior to IVUS regarding post-
optimization results and clinical outcomes
[2, 47]. The expert consensus group stated that
IVUS and OCT are equivalent and both superior
to CAG guidance. However, an extensive RCT
that addresses superiority of OCT guidance in
terms of clinical outcome is currently still
missing. Therefore, the benefits and limitations
of both techniques as mentioned earlier (see
Technological Implications) should be consid-
ered carefully when selecting patients.

OCT has a limited penetration depth, espe-
cially in lipid-rich plaques. In contrast, calcified
plaques can be visualized well with OCT,
whereas IVUS is not capable of penetrating cal-
cified plaques. Therefore, IVUS should be pre-
ferred for assessing plaque burden and vessel
size in patients presenting with lipid-rich pla-
ques, whereas OCT should be preferred for
assessing calcified plaques. This is especially
relevant in a research setting, as in clinical
practice you might not know what type of pla-
que is present before assessment with ICI. In
clinical practice, IVUS is mostly indicated for
assessing ostial lesions of the left-main. OCT is
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not suitable in left-main lesions, due to the
need for blood clearance. In addition, IVUS can
be considered in patients presenting with CTO
lesions after opening the vessel, as blood clear-
ance by contrast injections may be challenging
in these patients. In patients with renal dys-
function, IVUS is recommended, as no contrast
injections are required. OCT has a much higher
resolution compared with IVUS and should
therefore be considered for lumen assessment
and stent-related morphology, such as throm-
bosis, restenosis, edge dissections, expansion,
and malapposition [42]. Interpretation of small
abnormalities should be considered carefully, as
the clinical impact of such abnormalities is
unknown [18].

Prati et al. (2010) mentioned that CAG for
suspected CAD results in normal angiograms in
approximately 10 to 15% of the patients [16].
Yamamoto et al. (2019) found abnormal OCT
findings in approximately 25% of the patients
presenting insignificant lesions by CAG [64].
IVUS and OCT can both confirm the findings by
CAG or indicate the subclinical lesion forma-
tion, resulting in an optimal therapeutic strat-
egy for primary prevention. In general, ICI
should be considered for the evaluation of
intermediate stenoses and ambiguous lesions.
Especially in cases of uncertain severity, very
short lesions, pre-aneurysmal or post-aneurys-
mal lesions, ostial or left-main stenoses,
branching sites, sites with focal spasm or
angiographically hazy lesions. OCT should not
be performed in cases where the expected pla-
que thickness exceeds the penetration depth
[16].

DISCUSSION

With this review, the clinical applications of
OCT in patients with CAD were identified. OCT
stenting optimization criteria were described.
Both pre-PCI as post-PCI OCT affected physi-
cian decision-making. Pre-PCI OCT mainly
affected the choice of stent length and stent
diameter in patients with complex lesions. Post-
PCI OCT resulted in post-procedural changes in
27% to 52.2% of the lesions. Post-procedural
changes were mainly based on stent

malapposition, under-expansion, or edge dis-
sections, and resulted in additional stent
deployment, post-dilatation, or both. Stent
expansion, stent apposition, distal stent edge
dissections, and reference lumen areas seem to
be the most important stent optimization cri-
teria for both decision-making as reducing the
risk of adverse events during follow-up. In
general, the incidence of procedural complica-
tions is low and not different from IVUS-guided
or CAG-guided stenting. Also, clinical outcomes
are comparable between OCT guidance and
IVUS guidance. Both OCT and IVUS result in
favorable clinical outcomes compared with
CAG guidance alone. OCT-guided PCI
improved strut coverage and stent apposition,
and reduced tissue protrusions compared with
CAG guidance only. OCT was non-inferior, but
not superior, to IVUS guidance. There is no
consensus about whether OCT guidance or
IVUS guidance results in better stent expansion.

OCT results in a higher resolution than IVUS
at the cost of a lower penetration depth. The
penetration depth of OCT is an important dis-
advantage of OCT. Large lipid-rich plaques dis-
able the ability to image the vessel border with
OCT, due to signal attenuation. However,
lumen dimensions can still be assessed. In
addition, the presence of red thrombus results
in signal-free shadowing, complicating image
interpretation by OCT. The need for a contrast
agent and the potential risk of CIN is another
drawback of OCT. However, multiple OCT
studies have shown low risks of CIN in patients
treated with OCT. Thus, OCT can reveal more
detail, where IVUS provides more insight in
deeper layers of the coronary arteries. However,
small abnormalities should be interpreted care-
fully. OCT and IVUS are complementary and
should be considered depended on the case
characteristics [34, 65].

The number of PCIs is rapidly increasing
compared to surgical procedures [66]. Nowa-
days, PCIs are increasingly performed in more
complex lesions and multivessel coronary dis-
ease. In addition, patients tend to be older with
more calcifications. For example, many patients
assigned to undergo transcatheter aortic valve
implantation (TAVI) need prior revasculariza-
tion. Due to the increasing complexity of the
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patient population and the limitations of CAG,
ICI is becoming increasingly important. Hospi-
tals with a large number of these complex
patient cases potentially benefit the most from
ICI. The patient population that should be
assessed with ICI comprises patients with
intermediate, complex, or ambiguous lesions.
There is an unmistakable role for IVUS in left-
main lesions and in patients with large lipid-

rich plaques. OCT should especially be consid-
ered for lumen assessment and stent-related
morphology. Especially OCT-guided stent opti-
mization seems to result in better clinical out-
comes. Table 2 and Fig. 1 show the situations
and considerations in which ICI should be
considered.

For some years, there has been discussion
about the influence of gender on CAD. Men

Table 2 Situations where intracoronary imaging should be considered. (# refers to Fig. 1)

Situation Rationale

Pre-PCI stent sizing (1) Both OCT and IVUS can be considered to determine the appropriate stent size.

However, OCT provides a higher resolution, which may result in a more

accurate size. This is especially important in complex lesions or lesions with

uncertain morphology

Pre-PCI identification of exact

deployment site (1)

Both OCT and IVUS can be considered to determine the deployment site.

However, OCT provides a higher resolution, which may result in a better

determination of the most appropriate landing zone

Pre-PCI lesion characterization (1) OCT better distinguishes between various types of plaques and lesion

characteristics compared to IVUS

Ostial left-main lesion assessment and

guidance (2)

Only IVUS should be considered, as blood clearance, needed for OCT, may be

challenging, if not impossible

Uncertainty about severity or

composition of lesions (3)

Fractional flow reserve (FFR) and instantaneous wavefree ratio (iFR) seems to be

the most appropriate technique for assessing lesion severity. However, both OCT

and IVUS can provide insight in composition of lesions and may result in a

different stenting strategy

Bifurcation lesions assessment and

guidance (4)

OCT might support bifurcation guidance by assessment of plaque composition

and distribution, stent sizing, and deployment sites and positioning of the re-

crossing wire. An RCT by Holm et al. (OCTOBER, 2018) comparing clinical

outcomes after OCT guidance compared with CAG guidance in bifurcation

lesions is currently running [63]

Post-PCI stent assessment and

optimization (5)

OCT provides detailed insight in how the stent is positioned inside the coronary

artery (apposition, expansion, and edge dissections). Optimization may result in

improved clinical outcomes

Assessment of stent failure (5) OCT provides detailed insight in mechanisms associated with stent failure

(thrombosis, in-stent restenosis, malapposition, under-expansion, edge

dissections, tissue protrusions)

Patients with impaired kidney

function

Only IVUS should be considered, as contrast injections are needed with OCT

CAG coronary angiography, FFR fractional flow reserve, iFR instantaneous wave-free ratio, IVUS intravascular ultrasound,
OCT optical coherence tomography, RCT randomized controlled trial
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more frequently develop the disease and earlier
in life. The incidence of CAD has been relatively
low before the menopause, thereafter it increa-
ses rapidly. Munnur et al. (2016) reviewed the
current literature on various subgroups and
provided an overview of differences in clinical
manifestations between genders [67]. Differ-
ences are especially seen in patients under the
age of 65, whereafter plaque characteristics
become more similar. In addition, women seem
to benefit more from lipid-lowering therapy, in
terms of plaque regression [68, 69]. Although
differences in plaque characteristics exist

between men and women, the occurrence of
MACE seems similar [70]. As ICI provides more
insight in plaque characteristics, it should be
considered, regardless of gender. In addition,
ICI is an essential tool when conducting
research into CAD morphology in relation to
gender and patient outcome.

FUTURE DIRECTIONS

In anticipation of the ILUMIEN IV trial and the
OCTOBER trial, OCT is expected to improve

Fig. 1 Summarizing figure for situations where intracoro-
nary imaging should be considered (Table 2). (1) OCT or
IVUS for pre-PCI stent sizing and identification of
deployment site, OCT for lesion characterization: OCT
image showing severe calcifications. (2) IVUS for ostial
left-main lesion assessment and guidance: IVUS image
showing left-main plaque. (3) Functional measurement
(FFR/iFR) for uncertainty about severity of distal lesions
and OCT for composition: iFR/FFR and OCT image

showing intimal thickening. (4) OCT for bifurcation
lesion assessment and guidance: OCT image showing a
bifurcation with high resolution. (5) OCT for post-PCI
stent assessment and optimization and assessment of stent
failure: OCT images demonstrating malapposition (white
arrow shows an intraluminal stent strut) and in-stent
restenosis (yellow arrow shows a stent strut covered by
neointima hyperplasia)
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clinical outcomes. However, it is still unknown
which patients benefit the most from ICI. Fur-
ther research should focus on which patients
benefit the most from ICI, ideally differentiat-
ing between OCT and IVUS. Utilizing large
datasets might support researchers. Luckily,
large datasets of CAG and laboratory data
already exist. New data is stored each day dur-
ing treatment of patients with CAD. In addi-
tion, an increasing amount of ICI data is
acquired. Such datasets might be used in the
future for all kinds of research purposes.

Although speculative, ICI data might con-
tribute to the development and training of
prediction models, such as machine learning
algorithms, to assess which patients benefit the
most from ICI or to support physicians in
deciding whether lesions should be stented or
not. OCT could be more suitable for the devel-
opment of such models, as OCT provides much
higher resolutions than IVUS. Multiple studies
already showed the potential of automatic
interpretation of OCT images [71–73]. Other
applications of OCT data might be in the fur-
ther optimization of stent design. OCT can help
to provide insight in the effects of different
stent designs on in-stent restenosis or throm-
bosis. To conclude, the added value of OCT, in
comparison with IVUS, probably lies especially
in the optimization of PCI, both in a clinical as
well as a research setting.

CONCLUSIONS

In conclusion, OCT is a safe procedure with few
reported procedural complications. In general,
OCT guidance seems to contribute to favorable
clinical outcomes compared with CAG guid-
ance only. However, in general, OCT guidance
results in similar clinical outcomes as with IVUS
guidance. Stent expansion, stent apposition,
distal stent edge dissections, and reference
lumen areas seem to be the most important
stent optimization criteria for both decision-
making and reducing the risk of adverse events
during follow-up. OCT could be considered for
lumen assessment and stent-related morphol-
ogy in more complex cases in which CAG
interpretation remains uncertain. Since OCT

and IVUS have distinct characteristics, these
techniques are complementary and should be
considered carefully for each patient case based
on the benefits and limitations of both
techniques.
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