
Citation: Karamasis, G.V.; Varlamos,

C.; Benetou, D.-R.; Kalogeropoulos,

A.S.; Keeble, T.R.; Tsigkas, G.;

Xenogiannis, I. The Usefulness of

Intracoronary Imaging in Patients

with ST-Segment Elevation

Myocardial Infarction. J. Clin. Med.

2023, 12, 5892. https://doi.org/

10.3390/jcm12185892

Academic Editor: Thomas

H. Schindler

Received: 20 August 2023

Revised: 5 September 2023

Accepted: 8 September 2023

Published: 11 September 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

Journal of

Clinical Medicine

Review

The Usefulness of Intracoronary Imaging in Patients with
ST-Segment Elevation Myocardial Infarction
Grigoris V. Karamasis 1,2,* , Charalampos Varlamos 1 , Despoina-Rafailia Benetou 1,
Andreas S. Kalogeropoulos 3, Thomas R. Keeble 2,4 , Grigorios Tsigkas 5 and Iosif Xenogiannis 1,3

1 Cardiology Department, Attikon University Hospital, National and Kapodistrian University of Athens
Medical School, Rimini 1, Chaidari, 124 62 Athens, Greece

2 Department of Cardiology, Essex Cardiothoracic Centre, Basildon SS16 5NL, UK
3 Department of Cardiology, Mitera General Hospital, 151 23 Athens, Greece
4 Medical Technology Research Centre, Anglia Ruskin School of Medicine, Chelmsford CM1 1SQ, UK
5 Department of Cardiology, University Hospital of Patras, 265 04 Patras, Greece
* Correspondence: grigoris.karamasis@gmail.com; Tel.: +30-210-583-1000; Fax: +30-210-532-6385

Abstract: Intracoronary imaging (ICI) modalities, namely intravascular ultrasound (IVUS) and
optical coherence tomography (OCT), have shown to be able to reduce major adverse cardiovascular
events in patients undergoing percutaneous coronary intervention (PCI). Nevertheless, patients
with ST-segment elevation myocardial infarction (STEMI) have been practically excluded from
contemporary large randomized controlled trials. The available data are limited and derive mostly
from observational studies. Nevertheless, contemporary studies are in favor of ICI utilization in
patients who undergo primary PCI. Regarding technical aspects of PCI, ICI has been associated
with the implantation of larger stent diameters, higher balloon inflations and lower residual in-stent
stenosis post-PCI. OCT, although used significantly less often than IVUS, is a useful tool in the
context of myocardial infarction without obstructive coronary artery disease since, due to its high
spatial resolution, it can identify the underlying mechanism of STEMI, and, thus, guide therapy.
Stent thrombosis (ST) is a rare, albeit a potential lethal, complication that is expressed clinically as
STEMI in the vast majority of cases. Use of ICI is encouraged with current guidelines in order to
discriminate the mechanism of ST among stent malapposition, underexpansion, uncovered stent
struts, edge dissections, ruptured neoatherosclerotic lesions and coronary evaginations. Finally, ICI
has been proposed as a tool to facilitate stent deferring during primary PCI based on culprit lesion
characteristics.

Keywords: intracoronary imaging; IVUS; OCT; ACS; STEMI

1. Introduction

ST-segment elevation myocardial infarction (STEMI) is among the most dramatic
manifestations of coronary artery disease (CAD), associated with increased short- and
long-term mortality [1,2]. Effective and timely flow restoration with primary percutaneous
coronary intervention (PCI) is of paramount importance in order to rescue the jeopardized
myocardium and improve prognosis [1]. The presence of a large thrombus, commonly
found in the clinical setting of STEMI, can lead to suboptimal stent deployment (i.e., stent
undersizing and malapposition), a condition associated with the devastating complication
of stent thrombosis (ST) [3,4].

Intracoronary imaging (ICI), namely intravascular ultrasound (IVUS) and optical
coherence tomography (OCT), has multiple applications in PCI: (1) identification of the
culprit lesion in cases of ambiguity, (2) clarification of the underlying mechanism of acute
coronary syndrome (ACS) (i.e., atherosclerosis vs. dissection; plaque rupture vs. plaque
erosion), (3) recognition of the composition of the atheromatous plaque and thus guidance
of lesion preparation strategy, (4) determination of the appropriate size of balloons and
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stents that will be applied, (5) selection of the appropriate landing zone by guiding stent
implantation away from segments with excessive plaque burden and (6) evaluation of PCI
results and determination of the need for balloon post-dilation and further stent placement
in cases of stent underexpansion, strut malapposition, tissue protrusion, edge dissection
and a geographical miss [5–8].

A plethora of studies support that ICI guidance is superior to angiography-guided PCI
with respect to patient clinical outcomes, with the benefit being more pronounced for com-
plex lesions [9]. Large contemporary randomized controlled trials (RCTs) (i.e., RENOVATE-
COMPLEX-PCI trial, ULTIMATE trial and IVUS-XPL) support that ICI-guided PCI reduces
the rate of major adverse cardiovascular events (MACE) [10–12]. Nevertheless, STEMI
patients undergoing primary PCI have been commonly excluded or under-represented in
major trials investigating ICI.

In the real world, use of ICI in the context of ACS remains low. In the United States,
the reported percentage is <10%, while in East Asian populations, the use of ICI reaches
26% [13–17]. IVUS is by far (>95%) the most used ICI modality in comparison to OCT [13,15].
Specifically, for STEMI patients, ICI application remains also relatively low, ranging from 4
to 31% [14–18]. Multiple factors could explain the low utilization of ICI in the context of
STEMI: higher operation cost, presumed procedural delays, lack of expertise and finally,
lack of randomized data supporting an advantage of ICI over angiography-guided PCI in
this subgroup of patients.

In this narrative review, we aimed to present the main literature concerning the
utilization of ICI in primary PCI for STEMI and its potential benefits compared with
conventional primary PCI. Furthermore, we describe the role of ICI in specific STEMI
scenarios, such as myocardial infarction with non-obstructive coronary arteries (MINOCA)
and ST.

The novelty of this review consists of the fact that it presents and discusses data
specifically for STEMI (and not generally on ACS) for both imaging modalities (IVUS and
OCT), describes the role of ICI in specific STEMI clinical scenarios and includes the new
recent literature (like the just published (August 2023) ILUMIEN IV and ESC guidelines on
ACS management).

2. Rationale of ICI Use during Primary PCI

STEMI is usually the result of an acute thrombotic occlusion of an epicardial coronary
artery. Primary PCI aims to succeed at fast reperfusion targeting the angiographically
identified culprit lesion [1]. However, the culprit lesion may not be obvious or lumen-
compromising, or could be located proximally or distally to the angiographically apparent
target lesion [19,20]. Moreover, STEMI is characterized by increased thrombus burden,
vessel vasoconstriction secondary to the extensive inflammatory response and vessel
undersizing distal to the stenosis due to lower intracoronary pressure [21,22]. The latter
pose an extra challenge for stent placement during primary PCI and increase the risk for
incomplete lesion coverage, stent undersizing and stent underexpansion or malapposition,
increasing the risk for future target vessel failure. It has been shown that drug eluting
stents (DES) implanted for STEMI have a higher frequency of malapposition and uncovered
struts at follow up [23] and that stents selected during primary PCI are usually smaller
compared to the actual vessel size [24]. Even when optimization with angiographically
guided post-dilation is applied, the rates of stent under-deployment remain high [25].

ICI could be used to optimize stent deployment during primary PCI. It has been
shown that ICI optimization targets used in PCI for stable patients also apply in ACS. In the
HORIZON-AMI IVUS substudy, a smaller IVUS minimum stent area was an independent
predictor of angiographic restenosis after primary PCI in patients with STEMI, similar to
patients with stable CAD [26]. In the CLI-OPCI ACS substudy, a composite of OCT-defined
suboptimal stent implantation features and residual intrastent plaque/thrombus protrusion
were associated with an adverse outcome [27].
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Furthermore, ICI could be used to characterize the pathological substrate of the culprit
lesion: a plaque rupture or erosion and calcified nodule [28]. Identification of these patholo-
gies can influence clinical decisions (e.g., direct stenting in lipid-only plaque, calcium
modification in calcified nodules, conservative treatment for plaque erosion, etc.) [15]. OCT,
compared to IVUS, provides greater resolution and enhanced wall anatomy visualization
and tissue characterization [7,8]. Thus, OCT is better in identifying the underlying cause
of STEMI, differentiating plaque rupture from erosion, a fact that may influence decision
making [29]. Furthermore, due to its high resolution, OCT can discriminate between the
two types of thrombi in STEMI patients; a red thrombus, which has high backscatter and
high attenuation, and a white thrombus, characterized by signal-rich low backscatter and
low attenuation. However, the clinical impact of thrombus type recognition has yet to be
determined [30].

The recently published 2023 ESC guidelines for the management of ACS support
the use of ICI. Based on the guidelines, ICI should be considered to guide PCI of the
culprit lesion. Importantly, this recommendation does not discriminate between STEMI
and NSTEMI or IVUS and OCT. Furthermore, ICI gets a IIb recommendation (“may be
considered”) in cases where there is ambiguity regarding the culprit lesion. For this
indication, the guidelines indicate OCT as the preferred modality [31].

3. Impact of ICI Use during Primary PCI on Outcomes

Data regarding clinical outcomes in STEMI patients treated with ICI-guided PCI are
scarce. Firstly, there are no major RCTs focused on ICI use specifically in STEMI. Secondly,
STEMI patients are mostly excluded from contemporary ICI RCTs. For example, the
two largest IVUS RCTs (i.e., IVUS-XPL and ULTIMATE—each one including more than
1400 patients randomized to IVUS vs. coronary angiography guidance in long lesions
and all comers, respectively) excluded STEMI patients presenting less than 24 h from
pain onset, hindering conclusions regarding IVUS in primary PCI [11,12]. Additionally, it
should be noted that even in trials including STEMI patients, this group was profoundly
under-represented; in the recently published large RENOVATE-COMPLEX-PCI RCT, where
ICI-guided complex PCI with IVUS or OCT reduced cardiac death, target vessel myocardial
infarction (MI) and revascularization, STEMI comprised only 2.4% of the cases (40 out of
1639) [10]. The same applies to smaller trials, where acute MI patients were mostly excluded,
a pattern seemingly followed by most studies published during the last decade. As a
consequence, evidence for ICI use during primary PCI stems mainly from observational
studies and registries rather than RCTs. Finally, studies including ACS or MI mostly refer
to unstable angina or non-ST elevation myocardial infarction (NSTEMI) rather than STEMI.
The RENOVATE-COMPLEX-PCI RCT is a typical example: ACS accounted for half of the
recruited cases (50.8%); however, 32.6% were unstable angina cases, 15.6% were NSTEMI
and only 2.4% were STEMI, as already discussed [10].

4. Studies of ICI during Primary PCI for STEMI

Older reports of ICI (mainly IVUS) registries were not encouraging for its use in MI
patients. In a prospective observational study of 905 patients who underwent primary PCI,
IVUS guidance did not improve the rates of the primary composite endpoint of death, MI
and target lesion revascularization (14.3% vs. 14.5%; p = 0.94) or the rates of definite and
probable ST (2.1% vs. 2.1%; p = 0.99) at 1 year [32]. In the first report of the Korea Acute
Myocardial Infarction Registry (KAMIR) published in 2011, IVUS did not appear to improve
prognoses in an MI cohort [33]. Of note, the number of treated vessels and stents used,
stent length and stent diameter were increased in the IVUS-guided group. Similar findings
were reported in the CREDO-Kyoto AMI registry that included 3028 patients admitted with
STEMI and was published in 2016 [18]. The use of IVUS was associated with a significantly
higher diameter of implanted stents; however, at the 5-year follow up, despite a numerical
reduction in MACE and target vessel revascularization in the IVUS group, the difference
was not statistically significant following adjustment for confounders [18]. The previous
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studies recruited patients more than 15 years ago, so they hardly reflect contemporary
clinical practice.

In contemporary studies, the use of ICI has been associated with improved cardio-
vascular outcomes. In the second publication of the KAMIR in 2019, a larger cohort of
11,731 patients was reported (47% STEMI), of which 19.9% had undergone IVUS and 2.4%
OCT [34]. In the propensity-score-matched analysis, patient-oriented (5.9 vs. 7.7%, HR:
0.74, 95% CI: 0.60–0.92; p = 0.006) and device-oriented (5.0 vs. 6.8%, HR: 0.72, 95% CI:
0.57–0.90; p = 0.004) composite endpoints were found to be lower in the group guided
with ICI. The difference was attributed to the reduction in all-cause mortality (4.4 vs. 7.0%;
p < 0.001) and cardiac mortality (3.3 vs. 5.2%; p < 0.001) [34].

In the large COREA-AMI registry that recruited 9846 patients with AMI (54.7% with
STEMI) who underwent PCI, IVUS utilization led to a reduction in MACE (cardiovas-
cular death, MI and target lesion revascularization) (HR: 0.779, 95% CI: 0.689–0.880;
p < 0.001) [17]—a finding that was maintained both within, as well as beyond the first
year following index PCI. Of interest, left main and chronic renal failure patients seemed
to gain the greatest benefit of IVUS use and STEMI patients were benefited more than
NSTEMI patients. In addition, IVUS utilization was not related to a longer door-to-balloon
time regarding primary PCI (73.5 ± 24.4 vs. 76.7 ± 26.1, for angiography- vs. IVUS-guided,
respectively; p = 0.241) [17].

In another large multicenter prospective nationwide registry from Korea, which in-
cluded 13,104 MI patients (50.4% STEMI) who had PCI with the implantation of second
generation DES, IVUS use (21% of the study’s population) was associated with a lower
risk of target lesion failure at 3 years (4.8% vs. 8%; p < 0.001), driven mainly by cardiac
death and target vessel MI [16]. Of note, while IVUS was less likely to be applied in STEMI
patients, its usage was equally beneficial for the NSTEMI and the STEMI group.

A Japanese multicenter prospective registry (J-MINUET) investigated the rate of use
and the impact on prognoses of IVUS or OCT-guided PCI during urgent revascularization
for MI (mainly STEMI) [34]. Angiography, IVUS and OCT-guided PCI were performed
in 689 (24.7%), 1947 (69.8%) and 152 (5.5%) patients, respectively. In-hospital mortality
was 10.4%, 5.1% and 3.3%, respectively (p < 0.01). In a univariate and multivariate logistic
regression analysis, IVUS guidance (vs. angiography guidance, OR: 0.49, 95% CI: 0.30–0.81;
p = 0.006) was independently associated with in-hospital mortality [35].

An observational study from the United States analyzed data from the Nationwide
Readmissions Database (NRD) of STEMI patients who underwent PCI [36]. IVUS-guided
PCI was applied in 33,644 (4.2%) of 809,601 STEMI cases. After 1:1 matching of patients
with IVUS-guided PCI and patients with angiography-guided PCI, IVUS resulted in lower
in-hospital mortality (3.9% vs. 4.6%; p < 0.0001) and lower rates of readmission due to acute
MI at 6 and 11 months (5.7% vs. 6%, p = 0.045, and 5.1% vs. 6.5%, p = 0.005, respectively).
Furthermore, PCI and mortality at 11 months (2.1% vs. 3%, p = 0.008, and 0.7% vs. 1.4%,
p = 0.002, respectively) were lower in the IVUS-guided group [36].

In another observational study from the United States, Megaly et al. collected data
from 252,970 STEMI patients using the National Inpatients Sample (NIS) database, in 5.5%
of whom imaging was performed (96.4% IVUS) [15]. ICI usage was more frequent in
patients with acute ST, anterior STEMI or patients likely to be diagnosed with spontaneous
artery dissection. After propensity score matching, ICI use was related with a reduction
in in-hospital mortality (3.6% vs. 4.8%; p = 0.010), increasing at the same time the cost of
index hospitalization to USD 4703 more [15].

In a prospective substudy of the TOTAL RCT, 214 STEMI patients who received pri-
mary PCI guided with OCT were compared after 2:1 propensity matching with 428 patients
who had PCI performed with angiography guidance alone [37]. The use of OCT resulted
in a larger final in-stent minimum lumen diameter (2.99 ± 0.48 mm in the OCT-guided
group versus 2.79 ± 0.47 mm in the angiography-guided group; p < 0.0001) while clin-
ical outcomes at 1 year were similar between the two groups (7.5% of the OCT-guided
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group versus 9.8% of the angiography-guided group, HR: 0.76, 95% CI: 0.43–1.34; p = 0.34).
However, the study did not have adequate power for examining clinical events [37].

Another RCT aspired to evaluate the possible benefits of OCT guidance in primary
PCI [38]. Unfortunately, the study was prematurely terminated after recruiting 201 STEMI
patients due to budget restriction, lacking power to assess clinical outcomes. Post-primary
PCI optimization was performed in 29% of cases in the OCT group (59% malapposition and
41% dissections). An OCT analysis at 9 months showed that OCT use was associated with
a lesser in-segment area of stenosis (6% [–11, 19] vs. 18% [3, 33]; p = 0.0002). No significant
difference was found at 9 months regarding MACE rates (3% in the OCT group vs. 2% in
the angio-guided group; p = 0.87) [38].

A recently published meta-analysis, dedicated to AMI patients, showed that IVUS-
guided PCI significantly reduced the risk for all-cause mortality (pooled RR: 0.70) and
MACE (pooled RR: 0.86) compared to angio-guided PCI [39]. The subset of patients with
STEMI were also benefitted with IVUS guidance: all-cause mortality (pooled RR: 0.79,
95% CI: 0.66–0.95; p = 0.01) and MACE (pooled RR: 0.86, 95% CI: 0.74–0.99; p = 0.04) [39].

5. Future Studies

Large RCTs are warranted to prove the potential benefits of ICI-guided primary PCI
for STEMI as suggested with the previously mentioned studies. Unfortunately, important
RCTs that are currently running, assessing the use of OCT or IVUS-guided PCI in large
patient cohorts (i.e., ILUMIEN IV—NCT03507777; IMPROVE—NCT04221815; and IVUS-
CHIP—NCT04854070), essentially exclude STEMI patients undergoing primary PCI. In the
well-anticipated ILUMINEN-IV RCT, PCI guided with OCT led to a larger minimum stent
area compared to angiographically guided PCI [40]. However, there was no significant
difference between the two strategies regarding the primary composite clinical endpoint
of cardiac death, target-vessel MI or revascularization at 2 years. This came as a surprise,
especially considering that the investigators aimed to recruit high-risk patients or patients
with high-risk lesions. They attributed the neutral clinical result mainly to the unexpectedly
low incidence of ischemia-driven target-vessel revascularization at the medium-term follow
up (5.6% in each group). Nevertheless, OCT guidance resulted in less stent thrombosis
(0.5% vs. 1.4%; p = 0.02) [40]. Patients with recent STEMI consisted of 5.7% of the study
cohort. However, culprit lesion PCI for STEMI was included in the study only when it
occurred more than 24 h after symptom onset. This detail essentially precludes patients
who underwent primary PCI. In any case, the very small percentage of STEMI cases does
not allow for drawing conclusions regarding the role of ICI in STEMI management.

Several ongoing trials will provide important data regarding ICI-guided primary
PCI. The large iSTEMI (Intravascular Ultrasound Guided PCI in STEMI—NCT04775914)
(n = 2500) investigates whether IVUS PCI will improve the clinical outcome of STEMI pa-
tients treated with primary PCI. OCT-CONTACT (OCT-guided vs. complete PCI in patients
with ST-segment elevation myocardial infarction and multivessel disease—NCT04878133)
is an RCT (n = 460) aiming to evaluate the effective benefit of OCT-guided vs. complete PCI
in STEMI patients with multivessel coronary artery disease. SPECTRUM (Tissue Character-
ization and Primary Percutaneous Coronary Intervention Guidance Using Intravascular
Ultrasound—NCT05007535) is an observational cohort study (n = 200) designed to assess
the safety and efficacy of high-definition IVUS as guidance for primary PCI as well as
culprit lesion plaque characteristics and thrombus morphology in patients with STEMI. The
ATLAS-OCT trial is seeking to evaluate the feasibility of OCT guidance in STEMI patients
undergoing PCI as a prospective, multicenter registry of consecutive STEMI patients who
had primary PCI [41].

6. Special Clinical Scenarios
6.1. MINOCA

Advances in intravascular imaging and their liberal use in a catheterization laboratory
have put MINOCA under the spotlight. MINOCA is not a benign condition as was
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previously thought, with 1-year mortality estimated at 3.6–4.7% [42–44]. According to a
recent study from the United Kingdom dedicated to MINOCA patients with STEMI, all-
cause mortality at 1 year was 4.5% [45]. The updated definition of MINOCA [46] requires
the fulfilment of the following three criteria: (1) an acute MI diagnosis according to the
“Fourth Universal Definition of Myocardial Infarction.” [47], (2) non-obstructive coronary
arteries on coronary angiography defined as no lesions ≥50% in a major epicardial vessel
and (3) the absence of another specific alternate diagnosis for the clinical presentation such
as non-cardiac conditions (i.e., sepsis and pulmonary embolism) or non-ischemic causes
(i.e., myocarditis, takotsubo syndrome and other cardiomyopathies).

It is worth noting that MINOCA should be considered by the treating physician as
a working diagnosis, rather than a final diagnosis, prompting further investigation, since
under this term falls a group of diverse clinical entities with heterogenous pathogenetic
mechanisms requiring individualized management [46,48]. Underlying causes can be
divided into atherosclerotic (plaque rupture, plaque erosion and calcified nodule) and non-
atherosclerotic (epicardial coronary vasospasm, spontaneous coronary artery dissection
(SCAD), coronary embolism/thrombosis and microvascular dysfunction) [46]. Although
current guidelines do not provide any specific recommendations with respect to ICI utiliza-
tion in MINOCA cases, expert consensus documents favor its use (preferably OCT) since
the identification of the underlying pathogenetic mechanism has a significant implication in
short- and long-term patient management [8,46,49]. Figure 1 presents a characteristic exam-
ple of ICI use in this cohort. In non-atherosclerotic MINOCA, ICI can reveal an intimal tear,
false lumen or intramural hematoma in case of SCAD; intimal “bumping” or co-existing
plaque erosion at the site of the coronary vasospasm; or an intact vessel wall in cases of
a thromboembolism [8,46,49]. These findings in conjunction with the clinical scenario,
the angiographic findings and the results of other imaging modalities could confirm or
at least suggest the underlying diagnosis [46]. Medical therapy without stenting is the
mainstay of treatment in the presence of non-atherosclerotic causes such as SCAD or a
spasm. Recommendations for stent implantation in the clinical setting of MINOCA of an
atherosclerotic cause are contradictory; a scientific statement from the American Heart
Association on the contemporary diagnosis and management of patients with MINOCA
argues against routine stent implantation for plaque disruption without differentiation
between plaque rupture and plaque erosion [46]. On the contrary, an expert consensus
document from the European Association of Percutaneous Cardiovascular Interventions
favors stent implantation in the presence of a plaque rupture while it suggests withholding
stenting in cases of plaque erosion without obstruction where flow has been restored [8].

The prevalence of MINOCA among patients with STEMI is 2.6–4.4% [19,45,50] and
is higher among younger patients, females and those with fewer cardiovascular risk fac-
tors [19,51]. The rates of MINOCA in the COVID-19 era have increased; according to
a report derived from the North American COVID-19 STEMI (NACMI) registry, STEMI
without an identifiable culprit vessel reached 21% [52].

Older studies have used IVUS for the clarification of the underlying pathophysiologic
mechanism of MINOCA. In a study conducted by Reynolds et al., plaque disruption
was found in 2/6 (33%) patients presenting with STEMI [53]. Due to its superior spatial
resolution compared with IVUS, OCT is the preferred imaging modality as it can visualize,
in detail, intraluminal and coronary vessel wall microstructures and thus identify the
underlying pathology [8]. Multiple studies have used OCT to delineate the pathogenetic
mechanism of MINOCA [54–57]. However, none of these studies exclusively evaluated
patients with STEMI but a “mixed” population suffering from ACS. Opolski et al. examined
38 patients with MINOCA, of whom 15 (39%) had STEMI [55]. In five (33%) STEMI patients,
OCT managed to image disrupted plaque: three patients had ruptured plaque with a
superimposed thrombus, one patient had ruptured plaque without a thrombus and one
patient had a calcified nodule. Additionally, a thrombus without underlying disrupted
plaque was found in the infarct-related artery of two patients. The left anterior descending
coronary artery was the culprit artery in 6 out of 7 previously mentioned cases. Tarya et al.
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recruited 82 ACS patients without obstructive CAD [57]. Ten (12%) patients were diagnosed
with STEMI and in seven of these patients, OCT revealed a hidden high-risk lesion, defined
as ruptured plaque, plaque erosion, a calcified nodule, SCAD, a lone thrombus or thin-
cap fibroatheroma. Finally, in the largest conducted study in the field, Reynolds et al.
examined the underlying cause of MINOCA in 170 women with the use of multivessel OCT
followed by cardiac magnetic resonance [56]. Interestingly, only 5 patients with STEMI were
included in the study with OCT identifying a culprit lesion (plaque rupture, plaque erosion,
intraplaque cavity, layered plaque, SCAD or intimal bumping) in 2 (40%) of them. Patients
with STEMI in the previous studies were too few to allow definite conclusions about the
prevalence and the type of culprit lesions in patients with STEMI and non-obstructive CAD,
highlighting the need for larger studies dedicated to this subgroup of MINOCA patients.
In addition, differences in methodology (single vs. multivessel OCT) and definition of
unstable plaque may have, at least partially, accounted for the diverse findings.
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3.5 mm balloon and a drug-coated 3.5 mm Agent balloon followed (D). Repeat OCT showed a sig-
nificantly better stent expansion and apposition (E) with an excellent final angiographic result (F). 
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Figure 1. A sixty-year-old patient was referred for primary PCI due to inferior STEMI. He had a
stent implanted in the right coronary artery (RCA) 11 years earlier. The initial coronary angiography
showed no significant stenosis in the coronary arteries. A careful review of the angiogram revealed an
area of “haziness” in the mid-RCA (arrow, A). OCT illustrated the presence of a non-obstructive red
thrombus in the corresponding RCA segment (arrow, B) within the previously implanted stent, which
appeared to be underexpanded and malapposed (arrow, C). Dilation with a non-compliant 3.5 mm
balloon and a drug-coated 3.5 mm Agent balloon followed (D). Repeat OCT showed a significantly
better stent expansion and apposition (E) with an excellent final angiographic result (F).

6.2. Stent Thrombosis

In the era of the modern stent platforms and potent antiplatelets, ST is a rare, albeit
potentially deadly, complication. The early and late ST percentage is estimated to be
<1% [58,59]. Second generation DES have overcome the first generation DES Achilles’
hill, namely very late ST, with its incidence, according to a recent large meta-analysis,
being 0.9% [60]. ST has an adverse prognosis with up to 45% mortality [61]. The majority
of patients (up to 80–90%) present with STEMI that is associated with higher mortality
compared with de novo STEMI [62,63].
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The European and American guidelines for coronary artery revascularization rec-
ommend the use of IVUS or OCT in case of stent failure for the determination of an ST
mechanism [64,65]. Figure 2 presents an example of ST treated with ICI-guided primary
PCI. Recent large ICI imaging studies have shed light on stent deployment factors related to
ST. Depending on the revealed mechanism of ST (i.e., stent underexpansion or malapposi-
tion vs. edge dissection, a geographical miss or neoatherosclerosis), different management
can be applied—aggressive, high-pressure balloon dilation for the former or new stent
placement for the latter mechanism [62,66,67]. Due to its higher spatial resolution, OCT
can distinguish a thrombus from other tissue components and delineate stent structure
and deployment features better than IVUS; thus, it is considered the preferred imaging
modality for ST [7]. Nevertheless, a bulky thrombus can lead to light attenuation obscuring
the visualization of stent struts and the outer vessel wall with OCT [7]. Restoration of TIMI
flow III with thrombectomy and/or GPIIb-IIIa inhibitor administration can enhance the
chances of discrimination of the underlying pathogenetic ST mechanism with OCT [7,68].
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Figure 2. A fifty-three-year-old patient presented with substernal chest pain and ST-segment elevation
in leads V2 through V6. He had a history significant for anterior STEMI with a DES placement in the
LAD 3 years prior. The patient was led to the catheterization laboratory where he was diagnosed
with in-stent thrombosis (A). After predilations with a 2.5 mm non-compliant balloon, intravascular
ultrasound (IVUS) was performed showing stent underexpansion and neoatherosclerosis. (B) A new
DES, a 3.0 mm × 12 mm DES, was delivered inside the previously implanted stent (C) followed by
postdilations with a 3.5 mm non-compliant balloon (D) with a good final result (E).

Lee et al. compared the IVUS findings of a very late stent thrombosis in 30 patients
after either DES (n = 23) or BMS (n = 7) implantation [69]. Most patients (80%) presented
with STEMI. Although minimal stent cross-sectional area (CSA) was similar between the
two groups, mean stent CSA and mean neointimal CSA were smaller in the DES group
than in the BMS group. Interestingly, stent malapposition was found in 17 DES patients
(74%) and in no BMS patients (0%) while a neointimal rupture within the stent was noticed
in 10 DES patients (43.5%) and 7 BMS patients (100%), leading the investigators to conclude
that different pathogenetic mechanisms play a crucial role in the development of very
late ST according to stent type. It should be noted that the previously mentioned study
included only first generation DES.
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Contemporary studies have utilized OCT to evaluate the pathophysiologic mecha-
nisms of ST. The national PESTO (Morphological Parameters Explaining Stent Thrombosis
assessed by OCT) French registry was designed to examine the characteristics and mecha-
nisms of ST with the use of OCT [68]. In a recent report derived from the previously men-
tioned registry, OCT managed to delineate the underlying mechanism in 97% of 120 patients
with ST. Most patients (82%) presented with STEMI. Concerning acute and subacute ST,
malapposition was the predominant mechanism (48%) followed by severe underexpansion
(26%), edge dissection (4%) and edge-related disease progression (4%). Stent malapposition
was again the commonest ST finding in late and very late ST (32%), followed by ruptured
neoatherosclerotic lesions (28%), coronary evaginations (10%) and isolated uncovered struts
(10%). With respect to stent type, ruptured neoatherosclerotic lesions were more frequent
with BMS compared with DES (36% vs. 14%; p = 0.005), while coronary evaginations were
found more frequently in the DES than in the BMS group (13% vs. 3%; p = 0.04). Tanawaki
et al. examined with OCT 58 patients with very late ST who had a previously implanted
DES (66% had an early generation DES (sirolimus- and paclitaxel-eluting stents) and 33%
had a newer generation DES (zotarolimus-, everolimus- and biolimus-eluting stents)) [70].
The most common clinical presentation was STEMI (78%). An underlying pathophysiologic
mechanism was identified in 98% of patients. In accordance with the previously mentioned
study, strut malapposition (34.5%) and neoatherosclerosis (27.6%) were the most frequently
found causative mechanisms, followed by uncovered struts (12.1%) and stent underexpan-
sion (6.9%). More than one mechanism of very late ST in the same lesion was observed
in 55% of the cases. Finally, it is worth noting that the correlation of malapposition and
uncovered stent struts with very late ST was consistent in early and newer generation
DES, as was the frequency of neoatherosclerosis. The largest study on the topic to date,
derived from the PRESTIGE Consortium (Prevention of Late Stent Thrombosis by an In-
terdisciplinary Global European Effort), included 62 patients with early and 155 patients
with late or very late ST [71]. STEMI was the clinical presentation in 79% of the study’s
subjects. A newer generation DES was the underlying stent type in approximately half
of the patients. Regarding the causative mechanism according to time of ST presentation,
uncovered (67%) and malapposed struts (27%) were the predominant mechanisms in acute
ST while uncovered struts (62%) and stent underexpansion (26%) were the dominant causes
in subacute ST. With respect to late and very late ST, uncovered struts (33%) and severe
restenosis (19%) for the former and neoatherosclerosis (31%) and uncovered struts (20%)
for the latter were the most common findings. In patients with very late ST, uncovered
stent struts were the dominant mechanism for DES whereas neoatherosclerosis was the
main mechanism for BMS.

6.3. Non-Stenting Strategy during Primary PCI Based on ICI (OCT) Findings

ICI utilization, particularly OCT, allows the operator to accurately assess the morphol-
ogy of the culprit lesion in STEMI patients who undergo primary PCI. OCT can discriminate
between plaque rupture or erosion, a calcified nodule and SCAD [7,8]. Some investigators
argue that a conservative strategy without stenting could be an option when there is no
significant residual stenosis after restoration of flow in specific substrates (like plaque
erosion). Avoiding stent deployment could protect, for example, young patients from
future target vessel or lesion failure [72]. This notion has been tested in the EROSION series
of studies.

The pilot EROSION study included 55 patients with ACS due to plaque erosion with
residual diameter stenosis <70% on coronary angiography after manual thrombectomy
in 46 (83.6%) patients who were treated with anti-thrombotic therapy without stenting
(GPIIb/IIIa inhibitor in 35 (63.6%) plus aspirin and ticagrelor) [73,74]. Most patients (96%)
had STEMI. The vast majority of the patients (92.5%) experienced no MACE at 12 months.
At a median follow up of 4.8 years, among 52 patients, there were no cases of death, MI,
stroke, coronary artery bypass grafting or heart failure. However, 11 (21.1%) patients had
elective target lesion revascularization [75]. A follow-up randomized controlled study,
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EROSION III, compared OCT vs. angiographic guidance with respect to the optimization
of the reperfusion strategy in STEMI with angiographic diameter stenosis ≤ 70% and TIMI
flow grade III [72]. A non-stenting strategy was suggested for plaque erosions, certain
ruptures with no obvious dissection and/or hematoma and SCAD. Among 112 patients
in the OCT group, a plaque rupture was the predominant type of unstable plaque found
in 74 (66.1%) patients followed by plaque erosion in 29 (25.9%) and a calcified nodule in
5 (4.5%) subjects. One (0.9%) patient was diagnosed with an intimal fissure while in 3
(2.7%) patients, there was the absence of an atherosclerotic lesion or residual thrombus.
OCT guidance led to a 15% decrease in stent implantation during primary PCI with no
increase in major cardiocerebrovascular events at the 1-year follow up. Specifically, stent
implantation took place in 59% of plaque rupture cases and in only 14% and 20% of plaque
erosion and calcified nodule cases, respectively.

EROSION studies showed that, apart from stent optimization, OCT has a role in
guiding treatment according to the morphologic characteristics of the culprit lesion. Plaque
erosion has been related with less favorable stent healing compared with a plaque rup-
ture [76]. The presence of severe calcification, as in calcified nodules, hinders appropriate
stent expansion and apposition, resulting in worse long-term outcomes [77,78]; thus, if stent
placement is deemed to be necessary, aggressive lesion preparation with cutting balloons,
atherectomy, a laser or lithotripsy should precede stenting [8]. Taking under consideration
the previous, deferring stenting in cases of plaque erosion and calcified nodules could be
considered to protect patients from subsequent stent-related complications.

7. Conclusions

In conclusion, the use of ICI in the context of STEMI and primary PCI appears to
have a potential benefit on clinical outcomes. However, the data are limited and derived
mostly from observational studies. Thus, STEMI-dedicated, large-scale RCTs are needed
to elaborate the optimal use of ICI in these high-risk patients. Nevertheless, ICI can be
extremely useful in specific subsets of STEMI cases, such as MINOCA and ST, where it can
delineate the underlying pathophysiologic mechanism and guide treatment.
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