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Abstract

The concept of vulnerable plaque (VP) has been widely accepted as the primary cause of
acute coronary syndrome (ACS) and sudden cardiac death. ACS is thought to result from
sudden disruption of a VP with subsequent occlusive thrombosis. VP typically consists of
several components; a large necrotic core, thin fibrous cap, increase in macrophage activity,
increase in vaso vasorum, and positive remodeling.

In recent years, invasive or non-invasive diagnostic imaging modalities have been
developed for indentifying VP. VP has been recognized in various modalities not only by
visualization of cross sectional images by high-resolution imaging modalities, such as virtual
histology intravascular ultrasound (VH-IVUS), integrated backscatter (IB) IVUS, and optical
coherence tomography (OCT), but also by direct visualization by intracoronary angioscopy.

VH-IVUS uses advanced radiofrequency signal analysis of ultrasound signals and allows
detailed qualitative and quantitative assessment of plaque composition, while IB-IVUS analyzes
the radiofrequency signal by applying a fast Fourier transformation of the component of the
backscattered signals. Different tissue components reflect the radiofrequency signaling at
different power levels, which could be used to differentiate various tissue components.
Angioscopy allows direct visualization of internal surface of the lumen, providing the detailed
information of characteristics of plaque and thrombus. Optical coherence tomography (OCT) is
an analog of IVUS, but uses light instead of sound. OCT has a 10-fold higher image resolution
(10―15 μm) compared to conventional IVUS, therefore it is able to provide superior image
quality. The commercially available versions of the technology used time-domain (TD) OCT
(M2, M3, Lightlab, Westford, MA, USA) and fourier-domain (FD) OCT (C7XR, Lightlab,
Westford, MA, USA). OCT is the only imaging modality with high enough resolution to
measure fibrous cap thickness and neovascularization. Moreover OCT has a unique ability of
detecting macrophages.

In this review, we attempted to summarize the advantages and limitations of the
currently available intravascular modalities.
(J Nippon Med Sch 2011; 78: 340―351)
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Table　1　Comparison of Invasive Diagnostic Modalities for Detection of Vulnerable plaques

Imaging 
Modality

Resolution 
(μm) Penetration Fibrous 

cap
Lipid 
core Inflammation Calcium Thrombus Current 

Status

Grayscale 
IVUS

150-250 Good ＋ ＋ － ＋＋＋ ＋ CS/CA

VH-IVUS 200-250 Good ＋ ＋＋ － ＋＋＋ ＋ CS/CA
IB-IVUS 150 Good ＋ ＋＋ － ＋＋＋ ＋ CS
Angioscopy 10-50 None ＋ ＋＋ － － ＋＋＋ CS/CA
OCT 10-15 Poor ＋＋＋ ＋＋＋ ＋ ＋＋ ＋＋ CS/CA

IVUS; intravascular ultra sound CS; clinical studies
VH-IVUS; virtual histology IVUS CA; indicates clinical approved for commercial use
IB-IVUS; integrated backscatter IVUS
OCT; optical coherence tomography

Modified from Suh WM et al, Circ Cardiovac Imaging 2011; 4 (2); 169-78

Introduction

The concept of vulnerable plaque has been widely
accepted as the primary cause of acute coronary
syndrome (ACS) and sudden cardiac death1. In vitro

pathological studies demonstrated that most cases of
ACS are thought to result from sudden luminal
obstruction or narrowing caused by thrombosis as a
consequence of rupture or erosion of plaques or
superficial calcified nodule2―4. VP is not only lipid-rich
plaque, but all types of atherosclerotic plaques with
high likelihood of thrombotic complications2,3. In
recent years, invasive or non-invasive diagnostic
imaging technologies have been developed for
indentifying VPs. VP is classified by three different
types (rupture, erosion and calcific nodule) 5.
Retrospective pathologic studies suggest that active
inflammation with infiltration of monocytes,
macrophages, or T-lymphocytes6―8, thin fibrous cap
(�65 mm) with a large lipid core (thin capped
fibroatheroma: TCFA)9,10 and positive remodeling are
indicators of plaque rupture with thrombus3,11. And
the plaque erosion with thrombus suggests that the
plaque is often rich in proteoglycans, but, in most
cases, lacking a distinguishing structure such as a
lipid pool or necrotic core. If a lipid-rich core is
present, the fibrous cap is usually thick and rich in
smooth muscle cells9. These plaques are often
associated with constrictive remodeling. The plaques
with thrombus covering a calcified nodule are

appearing to be heavily calcified nodule protruding
into the lumen with the loss and�or dysfunction of
endothelial cells9. While such plaques are highly
suspected to be ones at risk of thrombosis, they
cannot be designated as such until prospective
studies provide the necessary supporting data5.
Major advances in coronary artery disease
prevention will require early detection of vulnerable
plaques. It is important to further identify the high-
risk plaques before their disruption and formation of
occlusive thrombus.
Coronary angiography is used as the ‘gold

standard’ for interventional therapy. However, it can
only visualize a two dimensional silhouette of
coronary lumen and does not provide any
information about the characteristics of the arterial
wall contents. For this reason, coronary angiogram
is not capable of detecting VP. Various histological
plaque components have been targeted for detection
of VP. The features and comparisons of the invasive
imaging modalities are listed in the Table 112. TCFA,
considered to be in vivo VP, has come to be
recognized by further refinement of imaging
technologies such as integrated backscatter
intravascular ultrasound (IB-IVUS), virtual histology
IVUS, and optical coherence tomography (OCT).
Angioscopy allows direct visualization of the internal
surface of the lumen, providing detailed information
about the characteristics of plaque and thrombus. At
present, the intravascular modalities can potentially
distinguish between vulnerable plaques and stable
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Fig.　1　TCFA with a large lipid core
Left: Histological image (Masson trichrome 
staining), ＊Lipid pool. Bar=1 mm
Middle: Corresponding color-coded maps 
constructed by an IB-IVUS system.
Right: Corresponding VH-IVUS images.
Reproduced with permission from Okubo et 
al.18

plaques. In this review, we attempted to summarize
the advantages and limitations of the currently
available intravascular imaging modalities.

IVUS

Grayscale IVUS
Conventional grayscale IVUS can visualize real-

time high fidelity images of the entire vessel, and
has been considered standard intracoronary
imaging. The IVUS is ideally suited to provide
accurate measurements of lumen and vessel
diameters and area that allows for accurate
diagnosis of obstructive coronary disease and
treatment with coronary intervention. It uses the
amplitude of the backscattered echo signal to
differentiate highly echogenic components (calcium,
dense fibrous tissue) from echolucent ones (lipid,
necrotic core). The American College of Cardiology
Clinical Expert Consensus Document for IVUS
imaging has described that a VP can appear as an
echolucent plaque13. In a prospective study, patients
who developed ACS during a 2 year follow-up
period were correlated with large echolucent area in
the eccentric plaques at the time of their first
study14. These plaques had histological features
similar to vulnerable plaques and were associated
with increased risk of instability. Additionally, IVUS
provided detailed information on the morphology of
coronary plaque and the vessel response to
atherosclerosis such as remodeling, which may help
to identify plaques at high risk of spontaneous
rupture15. However, a recent study showed that
IVUS per se was unable to distinguish fibrous from
fatty plaque 16. Moreover, the resolution of
conventional IVUS is not high enough (100―150 μm)
to identify microstructure such as fibrous cap, and
therefore is limited in determining VP.

VH-IVUS
VH-IVUS uses advanced radiofrequency analysis

of ultrasound signals and allows detailed qualitative
and quantitative assessment of plaque composition.
Ex-vivo studies have demonstrated that power
spectrum-related parameters from raw
backscattered ultrasound signal allow a more

detailed analysis of the vessel components to identify
different tissue morphology17. These parameters are
used in classification scheme to generate a tissue
map of the plaque components: fibrous (dark green),
fibrofatty (yellow-green), necrotic core (red), and
dense calcium (white) (Fig. 1)18. VH-IVUS data are
collected during a single IVUS pullback using the
volcano Eagle Eye Gold Catheter (Volcano
Corporation; Rancho Cordova, CA).
The accuracy of VH-IVUS algorithm validated

against histology was 90.4% for fibrous tissue, 92.8%
for fibro-fatty, 90.9% for dense calcium, and 89.5% for
necrotic core19. It has been reported that in a
directional coronary atherectomy study of 30
patients, correlation of VH-IVUS analysis with
histopathology showed a high accuracy. The
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predictive accuracy for correlation analysis between
the VH image and the in vitro histological section
was 87.1%, 88.3%, and 96.5% for fibrosis, necrotic
core and calcium, respectively20. In clinical study,
VH-IVUS has been used in vivo to document
regression on the fibrofatty composition and plaque
volume after treatment with statins21. Another study
reported that necrotic core volume measured by
VH-IVUS clearly predicted distal embolization and
no-reflow phenomenon after coronary intervention in
the patients with ST elevation myocardial
infarction22.
Although the axial resolution of VH-IVUS is too

low (250 μm in phased array) to clearly visualize a
thin fibrous cap of <65 μm thickness, the use of VH-
IVUS has been tried to detect vulnerable plaques.
VH-IVUS-derived TCFA has instead been defined as
a necrotic core-rich (�10%) plaque without evident
overlying fibrosis tissue and with a percent plaque
volume of �40% seen on at least 3 consecutive
frames23. Using this definition, the sensitivity,
specificity, and positive and negative predictive
values of VH-IVUS to identify TCFA as determined
by OCT were 89%, 86%, 59% and 97%, respectively24.
In a clinical study, VH-IVUS-derived TCFA has been
found more frequently in patients with ACS than in
those with stable angina. In the larger study of 318
patients for culprit lesions, the percentage of
unstable lesions (ruptured plaques or VH-IVUS-
derived TCFA) was significantly greater in ACS
patients than in stable angina patients (89% versus
62%; P<0.001)25. Another study showed VH-IVUS-
derived TCFA was also more frequently observed
in non-culprit lesion in the ACS patients compared
with stable angina patients (64.6% versus 35.7%, P=
0.006)26. Moreover, the recently presented results of
the Providing Regional Observation to Study
Predictors of Events in Coronary Tree (PROSPECT)
trial provided the first prospective natural history of
vulnerable plaques observed by gray-scale IVUS and
VH-IVUS. In this study, 697 patients with ACS
underwent three vessel coronary angiography and
IVUS study after percutaneous coronary
intervention. In follow-up, recurrent clinical events
were equally attributable to the culprit and
nonculprit lesions (12.9% versus 11.6%). Independent

predictors for clinical events such as cardiac death,
arrest, or myocardial infarction from nonculprit
lesions were TCFA (hazard ratio, 3.90; p=<0.001),
TCFA with a minimal luminal area <4.0 mm2

(hazard ratio, 6.55; p<0.001), TCFA with plaque
burden �70% (hazard ratio, 10.83; p<0.001), and
TCFA with a minimal luminal area <4.0 mm2 and
plaque burden �70% (hazard ratio, 18.2; p<0.001)27

which were all derived from VH-IVUS. Although
IVUS and VH-IVUS were able to predict clinical
events, the majority of the events were unstable
angina rather than cardiac death, arrest or MI.

IB-IVUS
Another technique for tissue characterization of

plaque composition developed using IVUS imaging is
integrated backscatter (IB)-IVUS. IB-IVUS analyzes
the radiofrequency (RF)-signals generated by the 40
MHz mechanically rotating IVUS catheters by
applying a fast Fourier transformation of the
frequency components of the backscattered signals
calculating the intensity of the signal measured in
decibels (dB). Different tissue components reflect the
radiofrequency signaling at different power levels,
which could be used to differentiate various tissue
components. IB tissue maps were originally
constructed by comparing the IVUS pullback images
on 18 ex vivo autopsy coronary segments, with their
histological findings. From this work, IB-IVUS maps
were divided into 5 categories; calcification, mixed
lesion, fibrous tissue, lipid core, intimal hyperplasia
and thrombus28. IB values for the various plaque
components can then be calculated to construct
color-coded IB-IVUS maps (Fig. 1)18. An autopsy-
based study of 42 coronary specimens showed that
the sensitivity of IB-IVUS for calcification, fibrous
and lipid-rich plaque was 100%, 94% and 84%,
respectively, and one of OCT for them was 100%,
98% and 95%, respectively, and in the case of
conventional IVUS it was 100%, 93% and 67%,
respectively. On the other hand, the specificity for
calcification, fibrous and lipid-rich plaque of IB-IVUS
was 99%, 84% and 97%, respectively, in OCT was
100%, 94%, and 98%, respectively, and in
conventional IVUS was 99%, 61%, and 95%,
respectively, all of them being comparable among
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the 3 modalities29. In clinical studies, IB-IVUS has
been demonstrated to be able to assess the relevant
details of clinical situations and coronary plaque
characteristics. IB-IVUS analysis revealed that not
only culprit lesions30 but also non-culprit lesions31 in
ACS are significantly associated with the increase in
lipid component and decrease in fibrous component,
and that positive remodeling with high total lipid
volumes are observed in ACS lesions32. Furthermore,
the observational serial change study of IB-IVUS
demonstrated the reduction of plaque volume and
lipid components and increase in fibrous tissue
content in the ACS patients treated with statin
therapy. This suggests that statin therapy is able to
change vulnerable plaques detected by IB-IVUS into
more stable plaques33,34.
Although IB-IVUS has been developed and

recently commercialized in Japan, it has some
limitations. IB-IVUS is not sufficiently sensitive to
distinguish intimal hyperplasia from lipid pool
because both have similar IB values. Moreover, if
calcification is present in the fibrous cap or in the
mixed lesion, it is difficult to obtain a precise IB-
IVUS image in the outside tissue because of the
attenuation phenomenon28,35. As a consequence, IB-
IVUS is unlikely to detect subtle changes in plaque
composition that occur over small distances.

Angioscopy

Intracoronary angioscopy is an endoscopic
technique that allows direct visualization of the
internal surface of a vessel and provides detailed
information regarding plaque morphology and
thrombus in living patients with high resolution (10―
50 μm). Endoluminal irregularities, such as ulceration,
fissures, and tears, can also be seen. On the basis of
angioscopic images, plaque is defined as a non-
mobile, elevated, and�or protruding structure that
can be clearly demarcated from the adjacent vessel
wall.
A normal coronary artery appears as glistening

white, whereas atherosclerotic plaque can be
categorized as yellow or white. The intensity of
yellow color is also an indicator of fibrous cap
thickness, with high yellow intensity associated with

thin, fibrous caps overlying a lipid core. Yellow
intensity (or grade) of the plaque is classified semi
quantitatively as 0, white; 1, light yellow; 2, (medium)
yellow; or 3, dark yellow (Fig. 2). The majority of
yellow plaques are composed of lipid rich tissue or
necrotic core indentified by OCT and IVUS28,36―39. In
contrast, white plaque is histological fibrous plaque
or lipid plaque with thick fibrous cap28,37,39. Figure 3
shows the relationship between color grade by
angioscopy and the fibrous cap thickness measured
by OCT. Yellow intensity is negatively correlated
with fibrous cap thickness, the sensitivity and
specificity of the angioscopy identifying yellow
plaques with a fibrous cap <110 μm measured by
OCT was 98% and 96%, respectively37. Intense
yellow plaque corresponds to TCFA, and 80% of
intensive yellow plaque was TCFA37,39. Furthermore,
yellow plaque is associated with the prevalence of
positive remodeling and thrombus formation37,40. In
patients with ACS, yellow plaques were frequently
observed in the culprit lesions41―44, as well as in the
nonculprit lesions45, but angioscopically evident
thrombus was present only in the culprit lesions46.
On the other hand, stable white plaques without
thrombus were seen in the ischemic-related lesions
of stable angina40. Moreover, prospective studies
demonstrated that patients having glistening or
intense yellow showed higher incidence of ACS in
comparison with those without yellow plaques.47,48,
These facts indicate that yellow plaque identified by
angioscopy, especially intense or glistening yellow
plaque, might be potentially vulnerable and increase
the risk of cardiovascular events. According to the
morphology, the plaque is divided into stable plaque,
with smooth surface, or complex plaque, with an
irregular surface. The complex plaque includes
ruptured plaque, eroded plaque, intimal flap, fissure,
and ulceration. Thrombus is presented as a
superficial, intraluminal, or protruding mass
adherent to the vessel surface but clearly a separate
structure that persisted despite being flush with a
saline (or Ringer’s lactate) solution, and its color can
be coalescent red, white coalescent red, white, mixed
(white and red), or pinkish-white (Fig. 2).
There are some limitations of angioscopy. First, it

observes only surface of the coronary lumen.
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Fig.　2　Classification of coronary plaque.
(A) A white plaque (yellow grade 0). (B) A light yellow plaque (grade 1). (C) A medium yellow plaque (grade 2). (D) 
A dark yellow plaque (grade 3). (E) Ulcerated yellow plaque and red thrombus. (F) Intimal flap and red thrombus. 
(G) Light yellow plaque and white thrombus

A B C D

E F G

Fig.　3　Angioscopic Yellow Grade
Relationship between the angioscopic yellow grade and the fibrous cap thickness measurement 
by optical coherence tomography (OCT) are shown. The fibrous cap thickness by OCT 
decreased as yellow grade was increased.
Reproduced with permission from Takano et al.37

Second, it is impossible to evaluate the angioscopic
findings quantitatively. In angioscopic analysis, the

advantage is the ability to detect coronary thrombus
more sensitively than other imaging modalities49,
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whereas the largest disadvantage is difficulty in
quantitative assessment for color, distance or
volume. Methods of image quantification, such as
quantitative colorimetric analysis, have been
developed to overcome the limitations inherent in
angiocscopic images50―52. This may change the
subjective angioscopic data so that it is more
objective and reproducible. In addition, the latest in

vitro study indicates that by using color fluorescent
angisocopy, the yellow coronary plaques can be
further classified into green, white-to-light blue, and
yellow-to-orange plaques according to their
components, such as collagen subtypes, oxidized
LDL, macrophage foam cells and calcium53. Thus,
more objective information to identify VPs will be
provided in the future.

OCT

Optical coherence tomography (OCT) is an analog
to IVUS, but uses light instead of sound. The light
source used for OCT imaging is in the near-infrared
range, around 1,300 nm wavelength. OCT has a 10-
fold higher image resolution (10―15 μm) than
conventional IVUS, so it is able to provide superior
intraluminal image quality. The commercially
available versions of this technology used time-
domain (TD) detection (M2, M3, Lightlab, Westford,
MA, USA). TD OCT employed a broad-band light
source with wavelengths around 1,300 nm. The
currently available system uses a much higher
speed method, known as frequency or Fourier-
domain (FD) detection (C7XR, Lightlab, Westford,
MA, USA). FD OCT emits light at wavelength of
1,250―1,350 nm onto the vessel wall, and an image
can be obtained using interferometer through
recording the backscattering of light from the vessel
wall.
OCT provides high resolution of 10 μm, which

allows it to identify various components of
atheromatous plaques. Normal coronary artery walls
appear as a three-layer structure in OCT images.
The vascular media is seen as a dark band
delineated by the internal elastic lamina and
external elastic lamina (Fig. 4-A; arrow). Fibrous
plaques consist of homogeneous high back-scattering

areas (Fig. 4-B)54―58. Lipid-rich plaques exhibit lower
signal density and more heterogeneous back-
scattering than fibrous plaques. There is a strong
contrast between lipid-rich cores and fibrous regions
on OCT images. Therefore, the lipid-rich core most
often appears as diffusely bordered, signal-poor
regions (lipid pool) with overlying signal-rich bands
that correspond to fibrous caps (Fig. 4-C; arrows)54―58.
Calcified plaques are identified by the presence of
well-delineated, low back-scattering, heterogeneous
regions (Fig. 4-D)54―58. Superficial micro-calcifications,
considered to be a distinctive feature of plaque
vulnerability, are revealed as small superficial calcific
deposits. In an initial study by our group, a
qualitative image classification scheme was
developed based on correlation of OCT images with
histological images. The sensitivity and specificity of
identification of fibro-calcific plaque, and lipid tissue
were 96%, 97% and 90%, 92%, respectively. For
fibrous plaque, the sensitivity was lower (79%), but
specificity remained high (98%)54. Subsequently, we
applied the same criteria to in vivo imaging55. OCT
observational study in the patients with acute and
stable coronary disease demonstrated that plaque
characteristics were associated with different clinical
presentations. Lipid-rich plaque (defined by lipid
occupying �2 quadrants of the cross-sectional area)
was observed in 90% of patients with STEMI, 75%
of patients with NSTEMI or unstable angina, and
59% of patients with stable angina57. And also lipid-
rich plaque identified by OCT has been associated
with an increase in incidence of post-procedural
cardiac enzyme elevation or no reflow phenomenon
in the patients with not only with ACS, but also with
stable angina59,60.
Among all intravascular imaging diagnostics, OCT

is the only modality with high enough resolution to
measure thickness of the fibrous cap. TCFA is
defined pathologically as a lipid core covered by a
fibrous cap with a thickness <65 μm, with infiltration
of inflammatory cells9,10. In OCT observational
studies in vivo, TCFA was detected in 72% STEMI
and 50% NSTEMI culprit lesions as compared to
20% SAP (P=0.01) lesions, and measurement of
fibrous cap thickness were 47, 54 and 103 μm,
respectively57. Moreover, the presence of TCFA is
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Fig.　4　OCT images
(A) Normal coronary
The vascular media is seen as a dark band delimited by the internal elastic lamina and external elastic 
lamina (arrow).

(B) Fibrous plaque
Fibrous plaque is observed as homogenous high back-scattering area.

(C) Lipid-rich plaque
Lipid-rich plaque is observed as diffusely bordered, signal-poor regions with overlying signal-rich bands 
that correspond to fibrous cap (arrows).

(D) Calcified plaque
Calcium is observed as well-delineated, low back-scattering, heterogeneous regions.

(E) Macrophage
Macrophages are observed as a bright spot with a high signal variance from the surrounding tissue 
(arrows).

(F) Neovasculization
Neovascularization is observed as microchannel with tiny black hole (arrow).

A B C

D E F

an independent risk factor of post-PCI procedural
MI60 and major adverse cardiac event (MACE)61.
Plaque disruption is common finding associated with
ruptured plaques visualized by OCT. It can be
observed as a ruptured fibrous cap that connects
the lumen with the lipid pool (Fig. 5-A). Plaque
disruption has been found more frequently in AMI
patients (73%) than in SAP patients (12%)56,57.
Another strength of OCT is the ability to identify

coronary thrombus. Thrombus is identified as
masses protruding into the vessel lumen from the
surface of the vessel wall. Red thrombus consists
mainly of red blood cells; relevant OCT images are

characterized as high-backscattering protrusions
with signal-free shadowing (Fig. 5-B). White
thrombus mainly consists of platelets and is
characterized by signal-rich, low-backscattering
billowing projections protruding into the lumen (Fig.
5-C)62,63.
Moreover, the unique ability of OCT is the

detection of macrophages, which are relatively large
(20 to 30 μm) cells and contain multiple lipid-rich
bodies. Degradation of the fibrous cap matrix by
macrophages is an important contributor to
atherosclerotic plaque instability8. Such macrophages
can be observed directly by OCT as a ‘bright spot’,
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Fig.　5　OCT images
(A) Plaque disruption
Plaque disruption is observed as a tear of fibrous cap that connects the lumen with the lipid pool.

(B) Red thrombus
Red thrombus is observed as high-backscattering protrusions with signal-free shadowing.

(C) White thrombus
White thrombus is observed as signal-rich, low-backscattering billowing projections protruding into the 
lumen.

A B C

(Fig. 4-E; arrows) with a high signal variance from
the surrounding tissue64. The macrophage foam cells
are detectable and quantified with high accuracy. In
an autopsy study, OCT images of 26 lipid-rich
segments were correlated with histology, and OCT
was able to detect a cap macrophage density > 10%
with 100% sensitivity and specificity64.
OCT has the potential to identify

neovascularization as microchannels with tiny black
holes (50―100 μm) (Fig. 4-F; arrow) . Plaque
neovascularization has been identified recently as a
common feature of plaque vulnerability65, and
increasing microchannel counts correlated with a
greater frequency of TCFA66. An observational
study of OCT revealed that the presence of
microchannels in the plaques is associated with
thinner fibrous cap, positive remodeling, and
elevated hs-CRP levels67. OCT has been proposed as
a high resolution imaging modality that can identify
microstructures in atherosclerotic plaques, and so
might provide an opportunity to directly detect
plaque neovascularization in vivo.
The major limitations of OCT are poor tissue

penetration and interference from blood, which
derive from its use of light-based energy source.
OCT has a penetration depth of 2 to 3 mm, which
prohibits images of outside the internal elastic
lamina. Blood should be displaced before OCT
imaging by saline, lactate Ringer solution, Dextran,

or contrast medium infusion. An additional limitation
is that differentiation of certain plaque
characteristics is still difficult. It is not always easy
to distinguish lipid from calcium. Both lipid and
calcium create signal-poor regions, and the only
difference is the border characteristics (lipids have
diffuse borders, and calcium has sharp borders)68.
Comparison studies with other imaging modalities
may be helpful in improving the diagnostic criteria
between lipid and calcium.

Conclusion

A number of different novel imaging modalities
have been investigated to define the specific
characteristics of vulnerable plaque. However, most
of these techniques are still undergoing refinement
and cannot reliably identify vulnerable plaque in the
clinical situation. The combination of different
technologies, including imaging, physiological tests,
and serum�genetic tests, may make it possible to
detect vulnerable plaque. Many unanswered
questions remain, however, there is a real clinical
proposition to understand the natural history of
these vulnerable plaques. These efforts will
hopefully enable us to prevent plaque rupture and
lead us to an era of primary prevention even in the
field of interventional cardiology in the future.
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