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The aim of this systematic review was to analyze studies characterizing vulnerable coronary  Received: 10 October, 2016
plaques using optical coherence tomography (OCT) and intravascular ultrasound (IVUS), in or-  Accepted: 20 November, 2016
der to identify the most efficient invasive technique permitting plaque characterization in pa-
tients with acute myocardial infarction. Method: A total number of 432 studies were identified,
£420 through database searching and 12 through manual searching. Eight duplicate studies were
removed, leaving a total number of 424 studies to be screened. Twenty-six studies only avail-
able in abstract-only form were excluded, resulting in 398 studies checked for eligibility. Eleven
studies fulfilled the eligibility criteria and were included in this systematic analysis. Plaque
vulnerability was investigated in plaques with thin cap fibroatheroma (TCFA) versus those with
thick cap fibroatheroma, in ruptured coronary plaques versus non-ruptured coronary plaques,
in culprit versus non-culprit lesions and in lipid-rich versus non-lipid-rich plaques. Results:
A total of 1,568 coronary plaques in 1,225 patients with acute coronary syndromes (ACS) who
underwent both IVUS and OCT for analysis of plaque features were included in the final analy-
sis. The review identified the following IVUS-derived features as significantly correlated with
plaque vulnerability: plaque burden (p <0.001), remodeling index (p <0.001), external elas-
tic membrane cross-sectional area (p <0.001), and the amount of necrotic core (p <0.001),
while OCT-derived features characterizing unstable plaque were TCFA (p <0.001), lipid arch (p
<0.001), accumulation of macrophages (p = 0.03), and presence of intracoronary thrombus (p
<0.001). Conclusion: Both IVUS and OCT are invasive imaging techniques able to provide rel-
evant information on the vulnerability of coronary atheromatous plaques, identifying, as they
do, various plaque features significantly associated with unstable plaques. Information pro-
vided by the two techniques is complementary, and both methods can serve as a useful clinical Annabell Benedek
diagnostic tool, especially in cases of ACS patients undergoing a revascularization procedure. Str. Gheorghe Marinescu nr. 38
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INTRODUCTION

Acute coronary syndromes (ACS) are a major healthcare
problem, as they are currently responsible for the major-
ity of cardiac deaths worldwide. Despite significant ef-
forts for the implementation of preventive measures to
reduce the burden of cardiovascular diseases (CVD), mor-
tality associated with CVD comprises more than 30% of
global deaths.!

The vast majority of ACS cases result from the rupture
of a previously stable coronary plaque unexpectedly be-
coming vulnerable and unstable.> Prompt identification of
vulnerable coronary plaques can lead to timely revascu-
larization of the lesion and plaque sealing with a coronary
stent. This protects the plaque from rupture and prevents
the development of an acute coronary syndrome.? Such a
strategy implies well-timed recognition of a vulnerable
plaque, and many studies have been directed at exposing
certain plaque features associated with a higher degree of
plaque vulnerability.

Plaque vulnerability results from complex pathophysi-
ological mechanisms that lead to changes in plaque struc-
ture and morphology.? In unstable coronary plaques the
percentage of “unstable components” such as fatty tissue
and necrotic core increases, while the amount of “stable
components” such as fibro-fatty tissue or calcific tissue
decreases. The fibrous cap becomes thinner, predisposing
the plaque to rupture.»5

A vulnerable plaque is defined as a plaque prone to
rupture. Because the rupture of the protective fibrous cap
exposes the plaque content to circulating blood thrombo-
genic components, thrombus formation occurs at the site
of the lesion.®7

Alterations in plaque structure, indicative of a vulner-
able plaque, are identifiable using contemporary imag-
ing technologies including Cardiac Computed Tomogra-
phy Angiography (CCTA), optical coherence tomography
(OCT), intravascular ultrasound (IVUS) and virtual histol-
ogy intravascular ultrasound (VH-IVUS).

PLAQUE IMAGING — FEATURES OF VULNERABILITY

A coronary atheromatous plaque becomes unstable on ex-
hibiting a large necrotic lipid core and a thin fibrotic cap,
which is invaded by macrophages.®~'2 There may be asso-
ciated active vascular remodeling, a process characterized
by enlargement of the vessel diameter at the site of the
plaque and the presence of spotty calcifications within the
plaque.”’?

Journal of Cardiovascular Emergencies 2016;2(4):173-184

INVASIVE AND NONINVASIVE IMAGING
TECHNIQUES FOR PLAQUE CHARACTERIZATION

CCTA is currently the most common used technology for
the noninvasive assessment of coronary atherosclerotic
plaques. This technique has the unique ability to identify
the presence of low-attenuation atheroma or napkin-
ring sign within the plaque, described as a ring-shaped
area with a low density upon CT examination, which is
surrounded by a high-density attenuation. These fea-
tures have been demonstrated to be associated with cul-
prit plaques and a high rate of adverse cardiovascular
events.»9 12

However, CCTA is not able to detect the thin cap fibro-
atheroma (TCFA), a relevant feature of plaque instabili-
ty.®15 For logistical reasons, in the setting of an acute cor-
onary syndrome, it could be difficult to perform complex
noninvasive imaging tests such as CCTA, as these unstable
patients require urgent revascularization.

Invasive imaging of coronary plaques can be carried out
during the revascularization procedure, which allows the
detection of several vulnerability markers. IVUS is the in-
vasive technique of choice for the assessment of vascular
remodeling and plaque quantification. When associated
with virtual histology, the procedure is called VH-IVUS
and is considered to be the gold standard for the detection
of a necrotic core and for the quantification of plaque com-
ponents. OCT is the technique of choice for the measure-
ment of fibrous cap thickness, assessment of macrophage
content and visualization of intracoronary thrombus.'6~2°

Near-infrared spectroscopy is another invasive imag-
ing method that has been proposed for studying the lipid
content of coronary plaques. However, it has not been im-
plemented on a large scale in clinical practice.?2*

The aim of this systematic review was to perform a sys-
tematic analysis of the studies characterizing vulnerable
plaque features visualized using invasive imaging meth-
ods such as optical coherence tomography and intravas-
cular ultrasound, in order to identify the most efficient
invasive technique that can be used for plaque character-
ization in patients with acute myocardial infarction.

METHODS

The present study was performed using the methodology
described in the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guideline together
with Cochrane Collaboration and Meta-Analysis of Obser-
vational Studies in Epidemiology (MOOSE) recommenda-
tions.?>2
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SEARCH STRATEGY AND DATA SOURCES

The search strategy was directed at the identification of
all published data relating to the role of invasive imaging
techniques for the characterization of vulnerable plaques.
Two independent researchers searched Pubmed/Med-
line, Thomson Reuters Web of Science and the Cochrane
Central databases for articles published in English using
the following terms: “optical coherence tomography AND
vulnerable plaque”, “OCT AND vulnerable plaque”, “in-
travascular ultrasound AND vulnerable plaque” OR “IVUS
AND vulnerable plaque”. The search included only studies
published in the last ten years since OCT and IVUS tech-
nologies started to be implemented in the clinical practice
only in the last decade.

STUDY SELECTION AND ELIGIBILITY CRITERIA

This systematic review included all the studies that re-
ported the characteristics of coronary plaques assessed by
both intravascular ultrasound and optical coherence to-
mography, and comparing the results obtained with the
two techniques in unstable patients presenting with acute
coronary syndromes. Articles that included only OCT or
IVUS analysis, or comparison between IVUS and Cardiac
CT or between OCT and Cardiac CT, without including
both invasive imaging techniques, were excluded from the
analysis. Studies addressing only stable coronary plaques
or stable patients were also excluded, as were isolated case
reports or case series, review articles, editorials, letters,
conference meeting abstracts and articles in which a full-
text was not available.

Furthermore, studies analyzing less than thirty coro-
nary plaques, those not providing relevant data, those re-
lated to non-coronary vulnerable plaques such as carotid
plaques, or only ex-vivo studies were excluded.

DATA EXTRACTION AND ANALYSIS

Two researchers independently reviewed all the included
articles and analyzed the following data: demographic
information, baseline characteristics of study popula-
tions, and morphologic and anatomic features of unstable
plaques, such as: presence of ruptured plaques, presence
of thin cap fibroatheroma, macrophage content, extent of
lipid-rich plaque volume, stenosis degree, stenosis loca-
tion, presence and location of culprit coronary plaque.

As none of the studies identified by the literature search
provided a complete characterization of all plaque fea-
tures in different settings associated with the definition of
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higher vulnerability (vide supra), this systematic review
was structured in four parts, according to the plaque char-
acteristics studied by each study group.

Part 1 consisted of the analysis of features associated
with vulnerability of coronary plaques with thin cap fi-
broatheroma versus those with thick cap fibroatheroma,
as assessed by OCT and IVUS.

Part 2 consisted of a comparison between IVUS and OCT
plaque features in ruptured coronary plaques versus non-
ruptured coronary plaques.

Part 3 consisted of a comparison between plaque fea-
tures, as identified by IVUS and OCT, associated with cul-
prit lesions versus those associated with non-culprit le-
sions.

Part 4 consisted of a comparison between OCT and
IVUS-derived features characterizing plaque composition
in lipid-rich versus non-lipid-rich plaques, the lipid con-
tent being estimated by IVUS attenuation or OCT features.

PLAQUE FEATURES ANALYSED

The following plaque features were identified:
a) IVUS-derived features:

e external elastic membrane cross-sectional area
(EEM CSA) and luminal cross-sectional area (CSA)
at the reference site;

e EEM CSA and luminal CSA at the location of the
lesion;

e plaque plus media CSA;

¢ plaque burden;

¢ remodeling index and the presence of positive re-
modeling.

b)VH-IVUS-derived features:

e area and volumetric percentage of necrotic core;

¢ fibrotic tissue;

o fibro-fatty tissue and calcific tissue;

¢) OCT-derived features:

¢ thickness of the fibrous cap;

e lipid arch;

e lipid length;

e presence and extent of microvessels;

¢ macrophages;

e calcifications;

e plaque rupture;

e TCFA and thrombus.

STATISTICAL ANALYSIS

The reported variables characterizing coronary plaques
are presented as either the mean (SD) for the normally
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Identification

Records identified through data-
base searching
(n = 420)

Records identified through
manual searching

(n=12)

Screening

Eligibility

Inclusion

FIGURE 1.

Records after 8 duplicate studies
removed (n = 424)

Abstract-only records excluded
(n =26)

Records assessed for eligibility
(n=398)

Studies included in analysis
(n=11)

Articles excluded based on full-text
analysis (n = 387)
Reasons:
- IVUS only or IVUS/CT
- OCT only or OCT/CT
- Stable patients only
- Stable plaques only
- Case report, case series, review, letters
- Low number of coronary plaques
+ Only ex-vivo
- Not relevant

Flow chart of the searching process and results of article selection

Characterization of vulnerable coronary plaques assessed by

intravascular

imaging

Plaque features

IVUS + VH-IVUS

TCFA vs. Ruptured vs. Culprit vs. non- Lipid-rich vs.
non-TCFA non-ruptured culprit lesion non-lipid-rich
n=5 n=4 n=2 n=3

OCT

+- EEM CSA

- luminal CSA
- plaque plus media CSA
- plaque burden

- remodeling index

- positive remodeling

- necrotic core
- fibrotic tissue
- fibro-fatty tissue
- calcific tissue

FIGURE 2.

- fibrous cap thickness

- lipid arch

- lipid length

- microvessels

- machrophages
- calcifications

- plaques rupture

- TCFA

- thrombus

Design of the systematic review on assessment of vulnerable plaque features
using intracoronary imaging
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TABLE 1. Characteristics of studies that assessed plaque vulnerability features using intracoronary imaging
Study author Number of patients Number of plaques Age (mean * SD) Clinical setting
included analyzed
Sawada et al.*® 56 126 70.1 + 8.2vs. 681 + 8.7 TCFA vs. non-TCFA
Takahashi et al.*® 63 108 65.5 + 9.9 TCFA vs. non-TCFA, LR vs. non-LR
Tian et al.?® 82 266 55.6 £ 9.4 ruptured culprit, ruptured non-culprit, TCFA
Roleder et al.?? 60 76 50 + 10 VS. 62 + 11 TCFA vs. non-TCFA
Kume et al.? 49 77 na TCFA vs. non-TCFA, in-vivo + ex-vivo
Yonetsu et al.?® 318 318 66.1 + 11.6 Vs. 65.7 +12.7 ruptured vs. non-ruptured plaque
Kato et al.?” 75 75 66.5 + 10.0 VS. 69.4 + 9.7 ruptured vs. non-ruptured plaque
Kwon et al.?® 133 133 60.11 + 12.5VS. 61.9 + 9.9 ruptured vs. non-ruptured
Maejima et al.*® 150 150 67.9 +10.9 vs. 66.0 + 10.7 culprit vs. non-culprit
Kubo et al.3® 104 104 75+ 7Vs.73+7 LR vs. non-LR plaque
(attenuated vs. non-attenuated plaque)
Lee etal? 135 135 67.0 £ 10.5VS. 64.6 + 10.2 LR vs. non-LR plaque
(attenuated vs. non-attenuated plaque)
Total 1,225 1,568

TCFA - thin cap fibro-atheroma, LR — lipid-rich

distributed variables or as the mean and median (25" to
75™ percentiles) for the non-normally distributed vari-
ables, as reported in the original sources.

Categorical variables are presented as absolute fre-
quencies and percentages.

RESULTS

RESULTS OF THE DATABASE SEARCH

A total number of 432 studies were identified, out of which
420 through database searching and 12 through manual
searching. After eight duplicate studies had been removed,
424, studies were screened. Twenty-six studies were ex-
cluded, as they were available in abstract-only form, re-

TABLE 2.
tematic review

sulting in 398 studies being checked for eligibility. Only
eleven studies fulfilled the eligibility criteria and were in-
cluded in the analysis (Figure 1).

A total number of 1,568 coronary plaques from 1,225
patients with acute coronary syndromes who underwent
both IVUS and OCT for analysis of plaque features, were
analyzed (Table 1). The structure of the systematic review
is summarized in Figure 2.

Part 1 of the systematic review addressed the topic
of TCFA in vulnerable coronary plaques. It consisted of
the analysis of five studies reporting on a total of 368
coronary plaques assessed by OCT and IVUS in 261 pa-
tient8.15,19,20,22,25

Part 2 compared the IVUS- and OCT-derived plaque
characteristics in 587 ruptured versus non-ruptured cor-

Baseline study and overall population characteristics of the patients included in the 11 studies and in the four parts of the sys-

Total Part1 Part 2 Part 3 Part 4
TCFA vs. non-TCFA ruptured vs. non- culprit vs. non-cul- lipid-rich vs. non-
ruptured CP prit CP lipid-rich CP

n studies 11 5 4 2 3

n patients 1101 261 608 232 302

n plaques studied 1303 368 587 173 302
Male, n (%) 911 (76) 181 (69) 478 (79) 171(73) 228 (75)
Smokers, n (%) 480 (40) 94 (36) 273 (45) 96 (41) 121 (40)
Diabetes mellitus, n (%) 411 (35) 121 (46) 198 (33) 96 (41) 104 (34)
Hypertension, n (%) 787 (66) 187 (72) 366 (60) 139 (60) 222 (73)
Hyperlipidemia, n (%) 599 (50) 177 (68) 250 (41) 139 (60) 160 (53)

TCFA - thin cap fibro-atheroma, CP — coronary plaque
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TABLE 5. Plaque features in culprit versus non-culprit lesions
Maejima et al.>® Tian et al.>°
CP, Non-CP, p CP, Non-CP, p
n=173 n-=32 n =44 n=19

IVUS findings

Reference site

EEM CSA (mm?) na na na 13.0 * 4.2 12.3 + 4.4 0.5
Lumen CSA (mm?) na na na 6.5 +2.3 7.2 £3.3 0.4
Lesion site na na na

EEM CSA (mm?) 14.4 + 4.6 123 + 4.3 0.01 12.8 + 3.5 12.6 + 4.6 0.8
Lumen CSA (mm?) 1.6 + 0.4 2.0+ 0.9 0.06 21+ 0.9 4.6 £23 0.001
Plaque plus media CSA (mm?) 12.8 £ 4.6 10.3 + 3.9 0.003 10.8 + 3.3 8.0+2.8 0.001
Plaque burden (%) 87 +5 82+8 <0.001 82 +7.2 64 + 7.2 <0.001
Remodeling index 10.5 + 0.16 0.92 + 0.16 0.002 118 + 0.12 118 + 0.13 0.8
OCT findings

FCT (um) 60 82 <0.001 43 +11 41 +10 0.2
Lipid arch (°) na na na 241 + 64 214 + 54 0.02
Lipid length (mm) na na na 11.5 + 5.5 10.5 + 2.8 0.4
Microvessel n (%) na na na 24 (49) 7(37) 0.1
Macrophage n (%) na na na 40 (82) 14 (74) 0.4
Calcification n (%) na na na 24 (49) 6 (32) 0.09
Cholesterol crystals, n (%) 38 (52) 8 (25) <0.01 na na na
Thin cap fibroatheroma, n (%) 49 (67) 13 (41) <0.01 na na na
Thrombus, n (%) 63 (86) 5 (16) <0.01 38 (78) 12 (63) 0.2

TCFA — thin cap fibro-atheroma, EES — external elastic membrane, CSA — cross-sectional area, FCT — fibrous cap thickness, CP — culprit plaque

onary plaques, described in four studies on 608 patients
with acute coronary syndromes.2%:26:27,28

Part 3 consisted of the analysis of two studies report-
ing on OCT- and IVUS-derived plaque characteristics of
173 culprit and non-culprit coronary plaques from 232 pa-
tients with acute coronary syndromes.?%29

Part 4 consisted of the analysis of data on the lipid con-
tent of 302 plaques from 302 patients.'9:3%:3!

CHARACTERISTICS OF THE PATIENTS AND THE STUDIES

Baseline study and overall population characteristics of
the patients included in the eleven studies and the four
parts of this review are presented in Table 2.

PLAQUE FEATURES IN TCFA VERSUS
NON-TCFA PLAQUES

IVUS studies comparing plaque features in TCFA versus
non-TCFA plaques showed that plaque burden (p <0.01)
and the remodeling index (p <0.01) were significantly
higher in plaques with TCFA compared with those with
non-TCFA. At the same time, the percentage of necrotic

core was significantly greater in TCFA plaques (p <0.01),
indicating that all these features are valuable imaging-
based biomarkers for predicting plaque vulnerability. In-
terestingly, the cross-sectional area of the external elas-
tic membrane at the site of the lesion was significantly
higher in patients with more vulnerable plaques, having
a TCFA. Only one study analysed OCT features in TCFA vs.
non-TCFA plaques, indicating a significantly lower thick-
ness of the fibrous cap (p <0.0001), a significantly larger
lipid arch (p <0.001) and a significantly higher percent of
macrophage content (p = 0.03) in plaques with TCFA com-
pared with plaques with non-TCFA (Table 3).

PLAQUE FEATURES IN RUPTURED VERSUS
NON-RUPTURED CORONARY PLAQUES

Four studies analysed IVUS and OCT plaque features in
ruptured versus non-ruptured coronary plaques (Table
4). Similarly with the results obtained when analysing
TCFA plaques, all these studies identified plaque burden
(p <0.001) and remodeling index (p = 0.005) as being sig-
nificantly increased in patients with ruptured plaques.
VH-IVUS identified the percentage of necrotic core as be-
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TABLE 6. Plaque features in lipid-rich versus non-lipid-rich plaques
Lee et al.®* Kubo et al.3° Takahashi et al.*®
LR, Non-LR, p LR, Non-LR, P LR, Non-LR, P
n=147 n=88 n=41 n=63 n=56 n=52
IVUS findings
Reference site
EEM CSA (mm?) 17.9 + 5.1 141+ 4.3 <0.001 12.5+5.3 10.9 + 4.4 0.1 na na na
Lumen CSA (mm?) na na na 86+37 7.4 +33 0.1 na na na
Lesion site
EEM CSA (mm?) 18.9 £ 5.9 142+ 53 <0.001 12.4+5.0 101+ 4.4  0.01 15.7 (13.1-19.3) 11.4 (9.8— <0.01
14.1)

Lumen CSA (mm?) 2.24 + 0.65 225+ 5.2 <0.001 25+10 26+10 0.6 2.9 (2.2—4.2) 3.5 (2.4—4.9) 0.3
Plaque plus media CSA (mm?) na na na 9.9+ 4.6 7.5+40 0.006 12.5(9.6-15.1) 8.0 (5.8—-9.5) <0.01
Plaque burden (%) 87.4 + 4.1 82.7 + 6.4, <0.0001 78 +10 73+ 9 0.02  80.4(68.8—83.9) 69.1(57.9-78.8) <0.01
Remodeling index 1.06 + 0.19 1.01 + 0.18 0.09 na na na 1.02 (0.91-1.15) 0.97(0.92—1.01) <0.01
Positive remodeling, n (%) 25 (55.3) 34 (38.6) 0.09 22 (54) 19 (30) 0.01 28 (50.0) 7 (13.5) <0.01
VH-IVUS
Necrotic core volume (%) na na na na na na 33.0 (22.3-42.8) 19.0 (11.0—33.0) <0.01
Fibrous volume (%) na na na na na na 51.5 (45.5-63.8) 67.5(53.8—77.3) <0.01
Fibro-fatty volume (%) na na na na na na 6.0 (5.0—7.0) 5.0 (4.0-6.0) <0.01
Calcified volume (%) na na na na na na 1.0 (1.0—2.0) 2.0 (1.0-3.0) 0.05
OCT findings
FCT (um) 60 (50—-100) 85 (60-120)  0.005 103 +70 145+ 97 0.04 na na na
Ruptured plaque, n (%) 16 (34.0) 16 (18.2) 0.06 18 (44) 7 (11) <0.001 na na na
Thin cap fibroatheroma, n (%) 2/ (51.1) 19 (21.6) <0.0001 20 (48) 10 (16)  <0.001 na na na
Thrombus, n (%) 6 (12.8) 16 (18.2) 0.4 22 (54) 11 (17) <0.001 105 (74.5) 59 (45.0) <0.001

TCFA — thin cap fibro-atheroma, EES — external elastic membrane, CSA — cross-sectional area, FCT — fibrous cap thickness, LR — lipid-rich

ing significantly increased in ruptured coronary plaques
as compared to non-ruptured ones (p <0.0001). EEM CSA
at the lesion site was significantly larger in patients with
ruptured plaques in three of the IVUS studies (p = 0.03, p
= 0.0007 and p = 0.005, respectively), while there were no
differences between EEM CSA at the reference site. OCT
analysis revealed a significantly thinner fibrous cap in the
ruptured plaques (p <0.001), with a higher incidence of
TCFA (p <0.0001) in these extremely unstable lesions, ac-
companied by the presence of thrombus in a significantly
greater extent in all the studies (p <0.001).

PLAQUE FEATURES IN CULPRIT VERSUS
NON-CULPRIT LESIONS

In the two studies included in this analysis, IVUS and OCT
examinations identified the following features as signifi-
cantly associated with culprit lesions (Table 5):

¢ a higher EEM CSA at lesion level (p = 0.01);

¢ alower luminal CSA (p = 0.001);

e greater plaque burden (p <0.0001) shown by IVUS;

e the presence of TCFA (p <0.01);

e lipid arch (p = 0.02);
e plaque rupture (p <0.01);
e thrombus (p <0.01) shown by OCT.

PLAQUE FEATURES IN LIPID-RICH VERSUS
NON-LIPID-RICH PLAQUES

In all three studies including lipid-rich vs. non-lipid-
rich plaques, a higher EEM CSA at the lesion level (p
<0.001, p = 0.01 and p <0.001, respectively) and a higher
plaque burden (p <0.0001, p = 0.02 and p <0.01, respec-
tively) as shown by IVUS, were associated with lipid-rich
plaques, as well as a thinner fibrous cap (p = 0.005 and p
= 0.04, respectively), presence of TCFA (p <0.001), rup-
tured plaques (p <0.001) or thrombus by OCT (p <0.001)
(Table 6). In two studies the remodeling index was sig-
nificantly higher in lipid-rich plaques (p <0.001) and one
study, which assessed plaque composition by VH-IVUS,
identified significant differences between LR plaques
and non-LR ones (p <0.001 for necrotic core, <0.01 for
fibrotic tissue, <0.001 for fibro-fatty tissue and 0.05 for
calcified tissue).
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DISCUSSION

Vulnerable coronary plaques are characterized by modifi-
cations of plaque components leading to a change in their
morphology. As a consequence of these changes, vulner-
able coronary plaques display specific signatures of vul-
nerability that are easily identified by imaging techniques
such as CCTA, OCT or IVUS 893233 These signature features
have been demonstrated to be associated with culprit
plaques in ACS and with higher rates of adverse events in
follow-up studies.?*3%

Since the introduction of modern CCTA technologies,
there has been a tendency to replace invasive imaging for
assessment of plaque characteristics with noninvasive as-
sessment techniques. CCTA is also able to provide relevant
information on the calcium content of the entire coronary
tree and also of each coronary artery, a parameter with a
high prognostic value.®

However, a significant proportion of vulnerable coro-
nary plaques are identified in patients with ACS, a group in
which the delay associated with performing CCTA should
be avoided. It has been demonstrated that in acute myo-
cardial infarction, the augmented inflammation accom-
panying the infarction leads to a generalized pan-coro-
nary vulnerability that is associated with the development
of new coronary events originating from the site of non-
culprit plaques.>34

An evaluation of the total coronary plaque burden and
associated lesions is necessary, as ACS patients may pres-
ent secondary rupture of non-culprit plaques. In a study
that aimed to investigate the IVUS-derived biomark-
ers and coronary outcomes, it was suggested that an in-
creased plaque burden is a predictor for future major ad-
verse cardiovascular events.?> A substudy of the PROSPECT
trial sought to analyze the frequency, patient- and lesion-
related features of non-culprit plaques that ruptured, in
patients with ACS undergoing emergency PCI. The results
showed that patients with ACS and non-culprit plaque
rupture had a higher atherosclerotic burden compared to
those with non-culprit lesions with no rupture (66.0%
[95% CI: 64.5—67.4%] VS. 56.0% [95% CI: 55.6—56.4%]; p
< 0.0001). Nevertheless, patients with non-culprit plaque
rupture presented a higher rate of fibro-atheromatous
plaques with a residual necrotic core, but under optimal
medical therapy their overall rate of cardiovascular ad-
verse outcome was not higher during a mean follow-up
of 21 months.

Therefore, the identification of vulnerability features
at the site of coronary plaques from the entire coronary
tree during the revascularization procedure, could help
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to prevent the development of new episodes of ACS. This
assessment of coronary plaques in an ACS patient should
be performed using on-site invasive imaging technology,
concomitant with the revascularization procedure.

PLAQUE FEATURES ASSOCIATED WITH VULNERABILITY

Currently, there are several studies regarding the non-
invasive assessment of plaque morphology and compo-
sition, which have identified specific imaging biomark-
ers that are suggestive for plaque vulnerabilization. In a
study on CT imaging characteristics of high-risk coronary
plaques, it was reported that a low-density plaque with
spotty calcifications associated with positive vessel re-
modeling is linked to a higher risk of developing an acute
coronary syndrome.%*3

In the current analysis, two studies identified a new pa-
rameter, the attenuated plaque by IVUS, as a feature of
plaque vulnerability.'?:3* In the scope of this systematic re-
view, these attenuated plaques were considered as lipid-
rich plaques, as a higher fatty content is associated with
lower plaque density at both CCTA and IVUS.?*

While a large number of studies used IVUS-alone or
OCT-alone assessment of coronary plaques, or compared
these two techniques with CCTA, few studies addressed
vulnerable plaque characterization using both technolo-
gies. In an emergency setting, it may be difficult for an
operator to choose between the two techniques, as to a
significant extent, the information revealed by the two
techniques are complementary, and the utilization of both
techniques would lead to a significant increase in pro-
cedure cost. While IVUS examination can provide a use-
ful quantification of plaque size and components, OCT is
gold-standard for the measurement of the fibrous cap,
one of the most significant predictors of plaque vulner-
ability, and is the only method that can visualize, with a
good resolution, macrophage infiltration, microvessels
and intracoronary thrombi. In a comparative study of IVUS
and OCT in patients with ACS, it was reported that intra-
coronary thrombi, resulting from the rupture of a culprit
plaque, could be identified more often using OCT than
with IVUS.?” In contrast, OCT is not considered suitable
for identifying vascular remodeling of the culprit plaques,
even though it can assess the coronary wall with a higher
degree of accuracy than IVUS.

This systematic review identified that IVUS-derived
features significantly correlated with plaque vulnerabil-
ity were plaque burden, remodeling index, EEM CSA and
the amount of necrotic core, while OCT-derived features
characterizing unstable plaque were TCFA, lipid arch, ac-
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cumulation of macrophages and the presence of intracor-
onary thrombus.

However, the consensus on IVUS-derived plaque fea-
tures was higher than the one recorded in OCT-derived
plaque features, mainly because all IVUS analyses in-
cluded the same plaque features, while OCT analyses ad-
dressed different ones, making it relatively hard to gener-
alize their conclusion.

CONCLUSION

Both IVUS and OCT are invasive imaging techniques able
to provide relevant information on the vulnerability of
coronary atheromatous plaque by identifying various
plaque features that have been proved to be significantly
associated with unstable plaques. Information from the
two techniques are complementary, and both can serve as
a useful clinical diagnostic measure, especially in cases of
ACS patients undergoing a revascularization procedure.
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