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In recent years, intravascular imaging-guided percutaneous coronary intervention (PCI) has been
increasing in patients with acute myocardial infarction (AMI). However, the role of optical coherence
tomography (OCT) has not been established in the setting of AMI despite OCT providing superior
resolution (10 wm axial resolution) and facilitating assessment of baseline lesion characteristics and
post-intervention evaluation of the acute result of stent implantation, including visualization of
procedural dissections, malapposition, tissue prolapse, and thrombus. We provide an overview of the
potential benefits of OCT-guidance in various situations of AMI.

© 2018 Japanese College of Cardiology. Published by Elsevier Ltd. All rights reserved.
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Introduction 2-dimensional (2-D) lumenogram of the 3-dimensional structure

Coronary angiography is the most commonly utilized imaging
modality for assessment of coronary artery disease (CAD) and
facilitates percutaneous coronary intervention (PCI). However, a
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of the coronary artery, provided by coronary angiography, has
fundamental limitations in the accurate evaluation of plaque
characteristics, vessel wall, and lumen dimensions [1]. The
limitations of 2-D, angiography-guided PCI for complex lesion
subsets, such as bifurcation or left main disease, are reflected by
procedural success rates and long-term clinical outcomes
[2,3]. Intravascular ultrasound (IVUS) has been a useful tool for
providing information in terms of pre-intervention lesion
characteristics, including plaque morphology and vessel dimen-
sions with improved resolution (100-200 pwm axial resolution)
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compared with angiography [4]. As a result, [IVUS-guided stent
implantation has facilitated better clinical outcomes when
compared with angiography-guided intervention in randomized
studies [5,6].

Optical coherence tomography (OCT) provides superior resolu-
tion (10 wm) for assessment of the coronary vasculature and
detailed post-intervention information, including visualization of
edge dissections and strut apposition [7-9]. Although both IVUS
and OCT provide images of the coronary artery by intra-coronary
imaging catheter, there are different characteristics offered by both
modalities. OCT has greater accuracy in detecting post-procedural
dissections, malapposition, and tissue prolapse compared with
IVUS, providing assessment of pathology of coronary vessel wall
and post-intervention intraluminal components [10,11]. Moreover,
OCT measurement demonstrates greater accuracy regarding
lumen diameter and area, both in vivo and ex vivo, compared
with IVUS and angiography [12,13]. However, OCT has a limited
depth of penetration in comparison to IVUS hampering visualiza-
tion of the vessel border and plaque burden.

The role of OCT has not been established in patients with acute
myocardial infarction (AMI), although the application of OCT has
been increasing in clinical practice. In this review article, we focus
on the potential role of OCT in the setting of AMI and its clinical
benefits.

Current status of OCT-guided PCI in patients with AMI: from the
Korea Acute Myocardial Infarction Registry

The Korea Acute Myocardial Infarction Registry (KAMIR),
launched in November 2005, is the first nationwide, prospective,
observational registry reflecting ‘real-world’ clinical practice in
Korean patients presenting with AMI. Data relating to the use of
OCT have been collected since 2012 [14]. Between January
2012 and April 2017, a total of 17,800 consecutively listed patients
were enrolled in the KAMIR, and 3843 AMI patients underwent
intravascular imaging-guided PCI. The utilization of intravascular
imaging guidance has increased gradually from 17.5% in 2012 to
28.7% in 2017 (p for trend <0.001). A gradual increase in OCT
utilization was observed from 1.0% in 2012 to 2.2% in 2016, but
more than doubled to 4.7% in 2017 (p for trend <0.001). Conversely,
IVUS utilization has increased from 16.5% in 2012 to 25.9% in

2016 with a decrease to 24.1% observed in 2017 (p for trend <0.001)
(Fig. 1).

Intravascular imaging-guided PCI in patients with AMI is
progressively increasing and OCT-guided PCI has been growing
in recent years.

The role of OCT in the setting of AMI
Assessment for ambiguous angiographic findings in patients with AMI

Spontaneous coronary artery dissection (SCAD) is defined as a
spontaneous separation of the coronary wall associated with
intramural hematoma [15]. Even though SCAD was reported as a
rare disease in the studies based on coronary angiography, studies
using OCT to aid diagnosis have demonstrated a greater prevalence
of SCAD [16-18]. An angiographic classification has been devel-
oped by Saw et al., with evidence of the pathognomonic ‘double
lumen’ with contrast staining in the vessel wall and a radiolucent
flap defined as type 1. Type 2 SCAD is characterized by a long and
diffuse stenosis, with either an abrupt onset and recrudescence of
normal caliber vessel (type 2a) or caliber reduction to the distal
coronary bed (type 2b). Type 3 SCAD is difficult to distinguish from
native CAD [19]. In cases of type 2b/3 SCAD angiographic diagnosis
can be challenging and a role for diagnosis confirmation by use of
intra-coronary imaging, particularly the high resolution (10 pm)
provided by OCT, may be considered to confirm intima tear,
intramural hematoma, and false lumen [20].

Although suboptimal blood clearance has potential limitations
with OCT in the setting of SCAD, we reported equivalent medial
area in lesion and normal segment supported the diagnosis of
intramural compression, particularly when observed in association
with luminal folding, which was difficult to evaluate by IVUS
[21]. In particular, SCAD type 3, which mimics atherosclerosis, is
the most challenging to differentiate from atherosclerosis and may
be misdiagnosed if intravascular imaging is not performed.
However, intravascular imaging must be undertaken with caution,
as propagation of SCAD is possible through inadvertent wiring of
the false lumen or extension by contrast injection [22]. Where
possible, a conservative approach to the treatment of SCAD should
be considered, as there are numerous reports of vessels healing
spontaneously [20].
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Fig. 1. Annual trends of intravascular imaging guided percutaneous coronary intervention in patients with acute myocardial infarction from KAMIR. IVUS, intravascular

ultrasound; OCT, optical coherence tomography.
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Overall, OCT is preferred to diagnose SCAD, not confirmed by
coronary angiography, over IVUS in the SCAD patients presenting
with AMI because of better resolution for identifying the evidence
of SCAD although there are potential limitations regarding shallow
optical penetration and blood clearance.

Assessment for stent failure in patients with AMI

Guidelines recommend that IVUS or OCT guidance should be
considered in order to assess the mechanism of stent failure,
including in-stent restenosis and stent thrombosis [23]. IVUS
demonstrated that smaller stent area and stent underexpansion
was associated with stent failure in the drug-eluting stent (DES)
era [24,25]. However, IVUS is limited in its ability to assess
characteristics of in-stent tissue components. The superior

resolution of OCT was able to evaluate the morphologic
characteristics of neointima and demonstrated that the mecha-
nism of restenosis is heterogeneous with varying neointimal
patterns, from homogeneous fibrotic tissue to complex neoather-
osclerotic responses [26]. In two OCT-guided registries of stent
failure, OCT has demonstrated the benefit of obtaining greater
detail of the nature of stent failure [27,28]. Malapposition is the
most commonly reported abnormality and stent underexpansion
is likely to be the major driver in the early phase and OCT has
revealed neoatheroma, defined as the neointimal diffuse thicken-
ing with lipid-core plaque and fibrous cap, as an important mode of
late stent failure. Thin-cap (<65 m) neoatheroma, similar to thin-
cap fibroatheroma, the classically defined ‘vulnerable’ plaque, in a
native coronary artery, also can be detected by high resolution of
OCT as shown in Fig. 2 [29].

Fig. 2. Thin-cap neoatheroma in very late stent thrombosis assessed by OCT. (A) Angiographic assessment demonstrating stent failure in proximal LAD in a 49-year-old woman
who underwent a 3.5 mm x 23 mm sirolimus-eluting stent (SES) implantation 10 years previously complaining of sudden onset chest pain with electrocardiographic
evidence of anterior ST-segment elevation. (B) OCT demonstrating minimal stent area of 5.71 mm? and minimal stent diameter of 2.70 mm. (C) OCT demonstrating thin-cap
neoatheroma (arrowheads in C1 and C2) and plaque rupture (arrow in C2). (D) Final coronary angiography demonstrating good distal flow without residual stenosis by
treating with a 3.25 mm x 38 mm everolimus-eluting stent (EES) and pre- and post-dilation with a 3.5 mm x 10 mm noncompliance balloon. LAD, left anterior descending

artery; OCT, optical coherence tomography; MSA, minimal stent area.
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Therefore, OCT is beneficial to evaluate the mechanism of stent
failure and can offer direction in how to provide interventional
strategies for stent failure [27].

DES optimization for the stenotic lesion in AMI patients with dilated
coronary arteries

Coronary artery aneurysm and ectasia are defined by dilatation
of the coronary artery exceeding 50% of an adjacent segment
diameter and are dichotomized by ectasia extending across two or
more coronary segments [30]. We reported that the prevalence of
combined coronary artery aneurysm, including probable Kawasaki
disease, and ectasia in a UK population was 3.4% in a cohort of
under-50-year-olds undergoing angiography and 6.5% in patients
with ST-elevation myocardial infarction (STEMI) [31]. Three-year
follow-up data, however, showed that AMI patients with ectatic
vessels had a higher adverse event rate when compared with
patients with non-ectatic vessels [32]. Therefore, greater attention
is needed in the prevention and treatment of patients with dilated
vessels presenting with AMIL

Initial CAG

7 EEL diameter
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“" EEL diameter { :
4.65mm

Distal reference vessel

Proximal reference vessel

Recently, 2nd generation DES implantation is recommended
over BMS for PCI in patients with AMI due to superior efficacy and
safety [33]. However, DES optimization for stenotic lesion of
dilated coronary artery is challenging for interventional cardiol-
ogists. OCT is a utility that can accurately measure reference vessel
diameter and lesion length pre-PCI, which is useful for stent
optimization by a suitable stent selection and pre- and post-
interventional strategies [34]. However, we must acknowledge
that vessel size may hamper imaging due to the restrictive depth of
penetration of OCT. Therefore, IVUS is preferred in excessively
dilated vessels. OCT also demonstrated higher sensitivity to detect
stent malapposition, edge dissection, and tissue prolapsed than
IVUS post-PCI [35]. In particular, OCT has shown superiority in
thrombus detection to IVUS, albeit red thrombus attenuates the
image and precludes deeper vessel evaluation [36]. Aneurysmal
and ecstatic vessels are more likely to contain high burden
thrombus and intravascular imaging may guide therapy. Therefore,
OCT can have an impact on decision making for additional
treatment strategy, such as pharmacotherapy and thrombus
aspiration in AMI patients with dilated vessels.

Final CAG

Fig. 3. OCT-guided PCI with DES optimization for the stenotic lesion in AMI patients with coronary artery ectasia. (A) Angiographic assessment demonstrating the severe
stenosis in the ectatic distal RCA in a 59-year-old man presenting with NSTEMI. (B and C) OCT assessment demonstrating EEL diameter of 4.65 mm and 5.20 mm in the
proximal and distal reference vessel, respectively. (D) OCT demonstrating MLA of 3.32 mm?. (E) OCT cross-section demonstrating MSA of 11.92 mm? and excellent strut
apposition (Video 1) after a 4.0 mm x 24 mm 2nd generation DES implantation and post-dilation using a 5.0 mm x 12 mm noncompliant balloon following EEL-guided stent
sizing (F) Final CAG showing successful PCI result. BP-EES, bioresorbable polymer-everolimus eluting stent; OCT, optical coherence tomography; PCI, percutaneous coronary
intervention; DES, drug-eluting stent; AMI, acute myocardial infarction; RCA, right coronary artery; NSTEMI, non-ST-elevation myocardial infarction; EEL, external elastic
lamina; MLA, minimal lumen area; MSA, minimal stent area; CAG, coronary angiography.
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Thus, OCT-guided PCI can be helpful to optimize DES
implantation in AMI patients with dilated coronary arteries
despite the potential limitation of depth penetration and
attenuation images by thrombus (Fig. 3).

Assessment of side branch during PCI for AMI with bifurcation lesions

Bifurcation lesions account for approximately 25% of PCI in
patients with AMI and PCI for bifurcation lesions are still
challenging despite multiple technical strategies [37]. In particular,
side branch occlusion after bifurcation stenting is a major
procedural complication during bifurcation PCI. Coronary angiog-
raphy is limited to evaluate 3D complex coronary vessel anatomy
of bifurcations. On the other hand, OCT provides high-resolution
cross-sectional and 3D reconstruction images to assess side branch
ostium and geographic features of bifurcation. OCT studies
demonstrated the independent predictors for side branch occlu-
sion regarding plaque shift and carina shift after single-stent
crossover technique. Side branch occlusion was more frequent in
the proximal main vessel with high lipid-rich plaque, which may
result in plaque shift [38]. In terms of carina shift, the carina tip
angle of less than 50° and length between proximal branching

point to carina tip of less than 1.70 mm were the independent risk
factors for side branch occlusion [39].

Therefore, OCT can be a useful tool for assessment of side branch
during PCI for bifurcation lesions by providing detailed geographic
information as shown in Fig. 4.

Assessment for etiology of acute plaque event in AMI-plaque erosion
vs. rupture

Plaque rupture has been reported to be the main cause of AMI
with plaque erosion, defined as thrombosis without plaque
rupture, responsible for approximately 25% of patients [40,41]. Giv-
en the high resolution images, OCT has been shown to have the
ability of distinction between the plaque erosion and rupture in
vivo [42]. Diagnosing erosion as a cause of AMI may facilitate
tailored treatment regarding interventional and pharmacological
therapies as plaque erosion evidently has different underlying
pathology compared with plaque rupture. It is not clear that stent
implantation has an important role in a non-flow limiting lesion
with plaque erosion. In the EROSION study, cases of plaque erosion
without significant flow-limitation could be treated pharmacolog-
ically and avoid stent implantation and OCT has an essential role in

1) T Fa

-

Fig. 4. Successful bifurcation stenting with the aid of OCT in patients with acute myocardial infarction. (A) Angiographic assessment demonstrating the severe stenosis in the
ostium of LAD and intermediate stenosis in the RI branch in a 56-year-old man presenting with NSTEMI. (B) Pre-intervention OCT longitudinal image showing wide carina
angle (93°) and wide length between proximal branching point to carina tip (3.90 mm) in bifurcation lesion. (C) Pre-intervention OCT cross-section showing a lipid-rich
plaque (asterisks) with maximal lipid arc of 106° in the proximal main vessel segment. (D and E) Pre-intervention OCT cross-section image and 3D reconstruction image
demonstrating intact ostium of both side branches (arrows in B: guide wires). (F and G) Post-intervention (3.0 mm x 18 mm zotarolimus-eluting stent) 3D images
demonstrating no jailed side branches. (F) Final CAG demonstrating good distal flow in main vessel and side branches. OCT, optical coherence tomography; LAD, left anterior
descending artery; RI, ramus intermedius; NSTEMI, non-ST-elevation myocardial infarction; CAG, coronary angiography; MV, main vessel; SB, side branch; LCx, left circumflex

artery.
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dichotomizing between erosion and rupture [43]. Further OCT-
based study for etiology of acute plaque events will be needed to
determine tailored treatment in AMIL

Conclusions

Pre- and post-intervention OCT is a useful modality in selected
patients with AMI. First of all, OCT is beneficial to provide detailed
information for ambiguous angiography and stent failure. In
addition, OCT is helpful for DES optimization in dilated vessels,
including aneurysm and ectasia, and bifurcation PCIL. OCT provides
detailed insights into the underlying mechanisms of AMI and is the
only modality to differentiate plaque erosion from plaque rupture.
Further investigation and clinical research are required to confirm
the utility of OCT in various situations in AMI.
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