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Abstract
Intravascular ultrasound (IVUS) provides precise anatomic information in coronary arteries including quantitative measure-
ments and morphological assessment. To standardize the IVUS analysis in the current era, this updated expert consensus 
document summarizes the methods of measurements and assessment of IVUS images and the clinical evidence of IVUS use 
in percutaneous coronary intervention.
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Introduction

In 2019, the Japanese Association of Cardiovascular Inter-
vention and Therapeutics (CVIT) published an expert con-
sensus document on intravascular ultrasound (IVUS) in per-
cutaneous coronary intervention (PCI) [1]. The consensus 
document in 2019 only focused on standards for measure-
ments and assessment of IVUS and was updated in 2021 and 
2023 with the clinical evidence of IVUS use in PCI [2, 3]. 
In 2024, the latest European Society of Cardiology guide-
lines strongly recommend intracoronary imaging guidance 
by IVUS or optical coherence tomography (OCT) in PCI on 
anatomically complex lesions (Class I, Level of evidence A) 
[4]. However, this intracoronary imaging modality may still 
be underused worldwide. The present updated expert con-
sensus document in 2025 provides an additional summary 

of recent clinical evidence of IVUS in Section VI “Clinical 
evidence”.

Principles and precautions

IVUS has become increasingly important in both clinical 
and research applications. PCI under IVUS guidance has 
been consistently shown to be superior to angiography-
guided PCI [5], and a number of clinical studies have 
employed IVUS in the field of coronary artery disease [6]. 
Although the American College of Cardiology Clinical 
Expert Consensus Document on Standards for Acquisition, 
Measurement, and Reporting of Intravascular Ultrasound 
Studies was published in 2001, there are no updated stand-
ards for measurement and assessment of IVUS images in the 
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current era [7]. To facilitate the communication of findings 
using a common language and avoid confounded literature 
by ambiguous terminology, the present expert consensus 
document provides a contemporary framework for the stand-
ardization of IVUS analysis.

The principle of IVUS imaging is based on the oscil-
latory movement (expansion and contraction) of a piezo-
electric transducer (crystal) to produce sound waves when 
electrically excited. After reflection from tissue, part of the 
ultrasound energy returns to the transducer, which produces 
an electrical impulse that is converted into the image. There 
are two major different transducer designs: (1) the mechani-
cally rotating transducer and (2) the electronic phased array 
system. The first design uses a single piezoelectric rotating 
transducer, whereas the latter uses multiple stationary placed 
piezoelectric transducers which are sequentially activated.

Current IVUS systems operate at frequencies between 
20 and 60 MHz. The higher the frequency is, the higher 
the resolution, but the lower the penetration [8]. However, 
recent improvements in transducer design have minimized 
the negative impact of higher frequencies on penetration. 
High-definition IVUS system offers superior axial reso-
lution, faster catheter pullback speed, and rapid image 
acquisition compared to conventional IVUS. Thus, image 
acquisition at a higher frequency is encouraged to decrease 
variability and improve reproducibility for IVUS analysis. 
Automatic motorized pullback is highly recommended to 
acquire IVUS images, especially in clinical studies, which 
should start at least 10 mm distal to the region of interest 
(e.g., target lesion and stented segment) and ideally continue 
until the aorta is visualized [6]. To interrogate aorto-ostial 
lesions, the guiding catheter should be disengaged from the 
ostium. The automatic pullback speed ranges from 0.5 to 
10 mm/s in current IVUS systems, but its impact on the 
measurement and assessment of IVUS images is unknown. 
Although pullback speed has been usually at a rate of 0.5 or 
1 mm/s, a recent study demonstrated good agreement with 
respect to length measurement between pullback speed of 
0.5 mm/s and 10 mm/s [9]. Although recently developed 
IVUS systems are reported to provide comparable 2-dimen-
sional quantitative measurements with each other [10], it 
is important to employ the same equipment (IVUS cath-
eters, consoles, and pullback devices) in clinical investiga-
tions [11], especially for baseline and follow-up studies [6]. 
IVUS examination should be performed with intravenous 
administration of anticoagulation (e.g., heparin). Intracoro-
nary nitrates should also be routinely administered prior to 
delivering the IVUS catheter to induce maximal vasodilation 
and to prevent vasospasm.

There are some known artifacts on IVUS imaging. Non-
uniform rotational distortion (NURD) is unique to mechani-
cal catheter systems due to the mechanical binding of the 
drive cable that rotates the transducer, which results in a 

wedge-shaped, smeared appearance [12]. This phenom-
enon usually occurs in tortuous vessels and acute bends in 
the artery. Any cross-sections with a recognizable NURD 
that precludes an accurate definition of the leading edge of 
the outer vessel wall border should be eliminated follow-
ing the same rules as for calcium. A distinct motion artifact 
can result from a non-stable catheter position with cardiac 
cycles: (1) in-plane rigid motion and (2) forward and back-
ward longitudinal motion along the catheter axis [13]. The 
vessel occasionally moves before a complete circumferential 
image can be created. Any cross-sections with severe motion 
artifacts that preclude an accurate definition of the leading 
edge should be avoided. In addition, an IVUS transducer can 
longitudinally move as much as 5 mm between diastole and 
systole [14]. This move has been reduced in a recent mod-
ern faster pullback device. Ring-down artifacts are usually 
observed as bright halos of variable thickness surrounding 
the IVUS catheter. In the phased array systems, ring-down 
artifacts can be partially reduced by the digital subtraction 
of a reference mask. However, if it is incorrectly performed, 
digital subtraction has the potential to remove real informa-
tion or introduce false targets. Side lobes are artifacts of 
extraneous beams of ultrasound that are generated from the 
edges of the individual transducer elements and are not in 
the direction of the main ultrasonic beam, originating from 
a strong reflecting surface such as metal stent struts and 
calcification. All artifacts should be taken into account for 
the measurement and assessment of IVUS images.

PCI optimization under IVUS guidance can improve 
clinical outcomes [15, 16], but IVUS can also provide clar-
ity where the angiogram demonstrates ambiguity such as 
(1) intermediate lesions of uncertain stenotic severity; (2) 
coronary aneurysm and ectasia; (3) aorto-ostial lesions; (4) 
disease at branching sites; (5) tortuous/overlapping vessels; 
(6) left main stem lesions; (7) sites with focal spasm; (8) 
sites with plaque rupture and/or thrombus; (9) dissections; 
(10) intraluminal filling defects; (11) extramural hematoma 
(extravasation); (12) coronary perforation; (13) angio-
graphically hazy lesions; and (14) lesions with local flow 
disturbances.

Definition of lesion/stenosis and reference

Since atherosclerosis in coronary arteries often appears to be 
more extensive by IVUS than by angiography [17], appropri-
ate definitions of lesion and reference segment nomenclature 
require a different methodology than commonly employed 
in angiography. The following are definitions.

•	 Proximal reference: the site with the largest lumen 
proximal to a stenosis but within the same segment 
(usually within 10 mm of the stenosis with no major 
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intervening branches). Proximal reference may or may 
not be the site with the least plaque.

•	 Distal reference: the site with the largest lumen dis-
tal to a stenosis but within the same segment (usually 
within 10 mm of the stenosis with no major interven-
ing branches). This may or may not be the site with the 
least plaque.

•	 Largest reference: the largest of either the proximal or 
distal reference sites.

•	 Average reference lumen size: the average value of 
lumen size at the proximal and distal reference sites.

•	 Lesion: a lesion represents an accumulation of athero-
sclerotic plaque compared to a predefined reference

•	 Stenosis: a stenosis is a lesion that compromises the 
lumen by at least 50% by cross-sectional area com-
pared to a predefined reference segment lumen.

•	 Worst stenosis: the stenosis with the smallest lumen 
size, which may or may not represent the site with the 
largest atheroma.

•	 Secondary stenoses: lesions meeting the definition of 
a stenosis, but with lumen sizes larger than the worst 
stenosis.

The reference segment used for identifying lesions and 
stenoses should be predefined and specified as proximal, 
distal, largest, or average of references. In the case of 
multiple lesions within a single coronary segment, dis-
tinct lesions or stenoses require at least 5 mm between 
them. If not, the disease should be considered as a single 
lesion. Efforts should be made to use the same reference 
sites before and after intervention, especially in serial 
studies in which the same anatomic images will be meas-
ured and compared (e.g., pre- vs. post-intervention or 
post-intervention vs. follow-up), although the location of 
the smallest lumen may or may not be different at each 
time point. The following sequence can be used to iden-
tify image slices on serial studies: (1) an image slice is 
selected from the first study, and the distance from this 
image slice to the closest identifiable axial landmark (a 
fiduciary point) (e.g., side branches and calcific deposits) 
is measured; (2) the second study is screened to identify 
this fiduciary point, and the previously measured distance 
is used to identify the corresponding image slices on the 
second study; (3) vascular and axial landmarks are used 
to confirm slice identification. Studies should be analyzed 
side-by-side and the imaging runs studied frame-by-frame 
if necessary. To assess the morphology of the lesion or 
stenosis (e.g., plaque composition or calcium), the entire 
lesion or stenosis should be surveyed, not just the worst 
stenosis image.

Quantitative measurements

In muscular arteries including coronary arteries, there 
are three layers (Fig. 1) [18]. The innermost layer, tunica 
intima, comprises a complex of three elements: endothe-
lium, atheroma (if the arteries are diseased), and internal 
elastic membrane. This layer is highly echogenic com-
pared to the lumen and media. The trailing edge of the 
intima (which would correspond to the internal elastic 
membrane) cannot always be distinguished clearly. The 
second layer is tunica media, which consists of smooth 
muscle and external elastic membrane (EEM). The third 
and outer layer is the tunica externa, which comprises the 
adventitia and periadventitial tissues. There is no distinct 
boundary on IVUS images separating the true adventitia 
from surrounding perivascular tissues. The vasa vasorum, 
a network of small blood vessels that supply the coronary 
vessel wall can occasionally be visualized on IVUS image 
exterior to media [19].

In the cross-sectional analysis, measurements should be 
avoided if significant artifacts such as NURD and motion 
artifacts are present, if the IVUS catheter is obliquely posi-
tioned, or if large side branches originate. Area measure-
ments can be added to calculate volumes with Simpson’s 
Rule. Analysis routinely subsamples at predefined intervals, 
typically every 1 mm. All tracing and measurements should 
be performed at the leading edge of boundaries, never the 
trailing edge (Fig. 1). Measurements at the trailing edge are 
inconsistent and frequently result in erroneous results.

Lumen measurements

Lumen measurements are performed using the interface 
between the lumen and the leading edge of the intima 
(Fig. 2). The leading edge of the innermost echogenic layer 
is usually used as the lumen boundary. Once the lumen 
border is determined, the following measurements can be 
derived. In all cases, measurements are performed relative 
to the center of the lumen rather than relative to the center 
of the IVUS catheter.

•	 Lumen area: the area bounded by the luminal border 
(Fig. 2).

•	 Minimum lumen diameter: the shortest diameter 
through the center point of the lumen.

•	 Maximum lumen diameter: the longest diameter 
through the center point of the lumen.

•	 Lumen eccentricity: [(maximum lumen diameter – 
minimum stent diameter)/maximum lumen diameter].

•	 Lumen area stenosis: [(reference lumen area – mini-
mum lumen area [MLA])/reference lumen area]. The 
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reference segment used for the calculation should be 
predefined and specified (proximal, distal, largest, or 
average).

If dissection is present, whether the lumen area is the true 
lumen or a combination of the true and false lumen should 
be reported.

External elastic membrane measurement

A discrete interface at the border between the media and the 
adventitia is usually present on IVUS images and almost 
corresponds to the location of the EEM (Fig. 1). The EEM 

area is the recommended term for this measurement, but 
alternative terms such as “vessel area” are often used. Trac-
ing EEM (the leading edge of adventitia) includes a lumen, 
intima with atheroma (in diseased arteries), and media, but 
adventitia. EEM circumference cannot be reliably identi-
fied at sites where large side branches originate or acoustic 
shadowing by extensive calcification presents. If acoustic 
shadowing involves a relatively small arc < 90°, EEM meas-
urement can be performed by extrapolation from the closest 
identifiable EEM borders. If calcification is more extensive 
than 90° of arc, EEM measurements should be avoided. Dis-
ease-free coronary arteries are circular, but atherosclerotic 
arteries may remodel into a non-circular configuration. If 

Fig. 1   Three layers of coronary arteries on intravascular ultrasound. 
Coronary arteries consist of three layers (“i” ‐ intima, “m” ‐ media, 
“a” ‐ adventitia). The innermost layer, tunica intima, comprises of 
three elements: endothelium (corresponding to the lumen surface), 
atheroma (if the arteries are diseased), and internal elastic membrane 
(IEM). The second layer is tunica media, which consists of smooth 
muscle and external elastic membrane (EEM). The third and outer 

layer is the tunica externa, which comprises the adventitia and peri-
adventitial tissues. A Normal coronary artery. A' and A'' indicate the 
magnified image of the square area in A. B Diseased vessel. B' and 
B'' indicate the magnified image of the square area in B. The asterisk 
indicates intravascular ultrasound catheter, and the arrowhead indi-
cates guidewire with acoustic shadow
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maximum and minimum EEM diameters are reported, meas-
urements should bisect the geometric center of the vessel 
rather than the center of the IVUS catheter.

•	 EEM area: the area bounded by the leading edge of 
adventitia (Fig. 2).

•	 Minimum EEM diameter: the shortest diameter through 
the center point of the vessel.

•	 Maximum EEM diameter: the longest diameter through 
the center point of the vessel.

Plaque measurement

Since the leading edge of the media (corresponding to the 
internal elastic membrane) is not delineated well, IVUS 
measurements cannot determine the true histological ath-
eroma area (the area bounded by the internal elastic mem-
brane). Accordingly, the EEM and lumen areas are used to 
calculate a surrogate for true plaque area in IVUS studies. 
Since the media represents only a very small fraction of the 
plaque area, including the media into the plaque area does 

Fig. 2   Lumen, external elastic membrane (EEM), and plaque area 
measurements. A Coronary cross-sectional image with atheromatous 
plaque. B Lumen area is measured by tracing the leading edge of the 

intima. C EEM area is measured by tracing the border between the 
media and the adventitia. D Plaque area is calculated by (EEM area) 
– (lumen area)
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not constitute a major limitation of IVUS in practice. The 
term “plaque plus media area” is correct and recommended, 
although alternative terms such as “plaque area” are often 
used.

•	 Plaque plus media area: the EEM area – the lumen area 
(Fig. 2).

•	 Minimum plaque plus media thickness: the shortest dis-
tance from the intimal leading edge to the EEM along 
any line passing through the center of the lumen.

•	 Maximum plaque plus media thickness: the longest dis-
tance from the intimal leading edge to the EEM along 
any line passing through the center of the lumen.

•	 Plaque plus media eccentricity: [(maximum plaque plus 
media thickness – minimum plaque plus media thick-
ness)/maximum plaque plus media thickness].

•	 Plaque burden: plaque plus media area divided by the 
EEM area. This measurement is independent of the 
lumen area stenosis. The plaque burden represents the 
area within the EEM occupied by plaque regardless of 
lumen compromise.

Stent measurements

Metallic stent struts are strong reflectors of ultrasound and 
thus appear as high echogenic points or arcs along the cir-
cumference of the vessel (Fig. 3). Strut apposition refers to 
the proximity of stent struts to the arterial wall [20]. Good 
apposition is defined as sufficiently close contact to pre-
clude blood flow between any strut and the underlying wall 
(Fig. 3). If necessary, flushing contrast or saline can enhance 
to confirm the presence or absence of flow behind the strut. 
The arc and/or length of incomplete apposition, which is 
also called as malapposition, can be reported. The metallic 
struts easily create side lobes, which may obscure the true 
lumen and stent borders and interfere with area measure-
ments and the assessment of apposition, dissection, etc. The 
stent area is measured by planimetry of the area bounded by 
the leading edge of the stent struts. If strut incomplete appo-
sition is present, the stent area will be smaller than the lumen 
area. In the case of previously placed stents with superim-
posed neointimal proliferation, the stent area will be larger 
than the lumen area. In serial studies (post-intervention vs. 
follow-up), intimal hyperplasia and chronic stent recoil can 
be assessed.

•	 Stent area: the area bounded by stent border (leading 
edge of struts) (Fig. 3).

•	 Minimum stent diameter: the shortest diameter through 
the center of mass of the stent.

•	 Maximum stent diameter: the longest diameter through 
the center of mass of the stent.

•	 Stent symmetry: [(maximum stent diameter – minimum 
stent diameter)/maximum stent diameter].

•	 Stent expansion: the minimum stent area compared to 
the predefined reference area (proximal, distal, largest, 
or average). Stent under expansion is an area of inad-
equately expanded stent compared to the adjacent nor-
mal reference segment, usually defined by stent expan-
sion < 80% of the reference vessels or a single cut-off 
value of minimum stent area (e.g., < 5.0 or 5.5 mm2) [16, 
21, 22].

•	 Neointima: previously placed stent area – lumen area.
•	 Chronic stent recoil: post-implantation minimum stent 

area at baseline is compared to minimum stent area at 
follow-up.

Calcium measurements

IVUS is a sensitive in vivo method for detecting coronary 
calcium. Calcific deposits appear as bright echoes that 
obstruct the penetration of ultrasound, a phenomenon known 
as acoustic shadowing (Fig. 3). Thus, IVUS can detect only 
the leading edge and cannot determine the thickness of the 
calcium. Calcium may also produce reverberations or mul-
tiple reflections that result from the oscillation of ultrasound 
between the transducer and calcium and cause concentric 
arcs in the image at reproducible distances. Calcium deposits 
are described semi-quantitatively according to their location 
and distribution.

•	 Superficial calcium: the leading edge of the acoustic 
shadow appears within the most shallow 50% of the 
plaque plus media thickness.

•	 Deep calcium: the leading edge of the acoustic shadow 
appears within the deepest 50% of the plaque plus media 
thickness.

The arc of calcium can be measured using an electronic 
protractor centered on the lumen. The length of the calcific 
deposit can also be measured using a motorized transducer 
pullback. Spotty calcium, a lesion that contains only small 
calcium deposits within an arc of less than 90°, can be 
assessed, which is more likely to be found in culprit lesions 
in patients with myocardial infarction (MI) than those with 
stable coronary artery disease [23].

Reference segment measurements

Once the reference segments are selected, quantitative and 
qualitative assessments similar to the stenosis should be 
performed in both proximal and distal reference, including 
lumen, EEM, and plaque measurements.
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Remodeling

Vascular remodeling refers to the increase or decrease in 
EEM area which occurs during the development of athero-
sclerosis [24]. IVUS imaging allows in vivo assessment of 
vascular remodeling.

Remodeling is traditionally assessed by comparing 
the lesion site EEM area with the reference segment EEM 

area. Reference EEM area is usually calculated as the aver-
age value of EEM size at the proximal and distal reference 
sites [25], but the proximal reference area can be also used 
as reference EEM area in cases with acute coronary syn-
drome (ACS) [26]. An index that describes the magnitude 
and direction of remodeling is expressed as: lesion EEM 
area/reference EEM area. If the lesion EEM area is greater 
than the reference EEM area, which represents positive 

Fig. 3   Stent and calcium assessment. A Stent area is measured by 
tracing the leading edge of the stent strut, which is indicated in green 
in A’. B Incomplete stent apposition (malapposition). Blood flow 

between struts and the underlying wall is observed (asterisk). C Cal-
cium appears as bright echoes with acoustic shadowing, which may 
also produce reverberations or multiple reflections
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remodeling, the index will be > 1.0. However, such a static 
definition is not recommended. Instead, remodeling should 
be assessed in serial studies as: EEM area at follow-up/
EEM area at baseline [27]. The index > 1.0 represents pos-
itive remodeling, while positive or negative remodeling is 
often defined as > 5% or 10% increase or decrease of the 
index [28, 29]. Vessel segments with positive remodeling 
should be subdivided as expansive (over compensatory) 
or incomplete. Furthermore, for IVUS studies that assess 
the progression and regression of coronary atherosclero-
sis based on serial imaging, the following indices can be 
endpoints.

•	 Positive remodeling: EEM area at follow-up/EEM area 
at baseline > 1.0.

•	 Negative remodeling: EEM area at follow-up/EEM area 
at baseline < 1.0.

•	 Expansive positive remodeling: (EEM area at follow-up – 
EEM area at baseline)/(plaque area at follow-up – plaque 
area at baseline) > 1.0.

•	 Incomplete positive remodeling: (EEM area at follow-
up – EEM area at baseline)/(plaque area at follow-up 
– plaque area at baseline) < 1.0.

•	 Total atheroma volume (TAV): Σ (EEM area – lumen 
area).

•	 Normalized TAV: (TAV × mean or median no. of ana-
lyzed frames in the population)/no. of analyzed frames 
per patient.

•	 Percentage of change in TAV: [(TAV at follow-up – TAV 
at baseline)/TAV at baseline] × 100.

•	 Percent atheroma volume (PAV): [Σ (EEM area – lumen 
area)/Σ EEM area] × 100.

•	 The absolute change in PAV: PAV at follow-up – PAV at 
baseline.

Length

Length measurements by IVUS can be performed using 
a motorized transducer pullback system (number of sec-
onds × pullback speed). Alternatively, longitudinal imag-
ing can be used. In a case with manual pullback without 
a  motorized transducer pullback system, length cannot 
be measured. This approach can be used to determine the 
length of a lesion, stenosis, calcium, or any other longitu-
dinal feature.

Qualitative measurements

Plaque morphology

Ultrasound images are fundamentally different from histol-
ogy, thus gray-scale IVUS cannot specify and quantify his-
tologic contents. However, tissue characterization technolo-
gies such as virtual histology IVUS (VH-IVUS, Volcano 
Therapeutics, Rancho Cordova, USA), integrated backscat-
ter IVUS (IB-IVUS, Terumo, Tokyo, Japan), and iMAP-
IVUS (Bostoc Scientific, Santa Clara, USA), have partially 
overcome this limitation. In addition, the recent combination 
of near-infrared spectroscopy (NIRS) with IVUS in a single 
imaging catheter allows simultaneous assessment of plaque 
composition, specifically to quantify lipid plaque content 
[30, 31]. Qualitative plaque characteristics by gray-scale 
IVUS are defined as follows.

•	 Soft (lipid) plaque: the term “soft” refers to the acoustic 
signal that arises from low echogenicity in contrast to the 
reference adventitia, rather than the plaque’s structural 
characteristics (Fig. 4). In general, this is the result of 

Fig. 4   Representative images of soft (lipid), fibrous, and mixed 
plaque. A Soft (lipid) plaque has low echogenicity in contrast to the 
reference adventitia. B Fibrous plaque has an intermediate echogenic-

ity between soft (hypoechoic) plaque and highly echogenic calcified 
plaques. C Mixed plaque contains more than one subtype
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high lipid content in a mostly cellular lesion. However, a 
zone of reduced echogenicity may also be attributable to 
a necrotic zone within the plaque, an intramural hemor-
rhage, or a thrombus. Most soft plaques contain minimal 
collagen and elastin.

•	 Fibrous plaque: this has an intermediate echogenicity 
between soft (hypoechoic) plaque and highly echogenic 
calcified plaques (Fig. 4). Fibrous plaque mainly repre-
sents atherosclerotic lesions. In general, the greater the 
fibrous tissue content is, the higher the echogenicity of 
the tissue.

•	 Calcified plaque: see section on calcium measurement.
•	 Mixed plaque: plaques containing more than one subtype 

(Fig. 4). There are a number of terminologies for these 
plaques such as “fibrocalcific” and “fibrofatty”.

•	 Intimal hyperplasia: neointimal growth after bare-metal 
stent (BMS) implantation has an early peak, whereas late 
neointimal growth develops within a drug-eluting stent 
(DES). The morphology of intimal hyperplasia can be 
also assessed as plaque characteristics (soft/lipid, fibrous, 
calcified, and mixed). The neointima with an accumula-

tion of lipid plaques with or without calcification inside 
previously implanted stents is called “neoatherosclero-
sis” [32, 33].

The plaque accompanied by backward signal attenua-
tion without dense calcium is called “attenuated plaque” 
(Fig. 5). Attenuated plaque is associated with a large amount 
of necrotic core (i.e., vulnerable plaque) [34], leading to 
no-flow phenomenon during PCI and subsequent coronary 
events [35, 36]. In addition, recent studies have provided 
valuable insights into the characteristics and clinical impli-
cations of layered coronary plaques, particularly through the 
use of high-definition IVUS [37]. Layered plaques, which 
are usually visualized on OCT [38], indicate previous sub-
clinical plaque destabilization and healing and are associ-
ated with increased plaque volume and vulnerability. This 
morphologic finding may be related to ACS and coronary 
vasospasm [39]. Although further studies are needed, the 
identification of layered plaques might be useful in strati-
fying patient and lesion risks and in guiding therapeutic 
strategies.

Fig. 5   Examples of qualitative measurements. A Attenuated plaque is 
accompanied by backward signal attenuation without dense calcium 
(circular arc). B Thrombus is usually observed as an intraluminal 
mass, often with a layered, lobulated, or pedunculated appearance 

(arrows in B’). C Dissection with mobile flap (arrowheads). D Tis-
sue protrusion is detected as tissue extrusion from a stent or scaffold 
(asterisk). E True lumen (“t” in the image) is surrounded by all three 
layers of the vessel wall, whereas false lumen (“f” in the image) is not
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Thrombus

A thrombus is usually recognized as an intraluminal 
mass, often with a layered, lobulated, or pedunculated 
appearance on IVUS (Fig. 5) [40]. Thrombi may appear 
relatively hypoechoic or have a more variable gray-scale 
with speckling or scintillation. Blood flow in “microchan-
nels” may also be apparent within some thrombi. Injec-
tion of contrast or saline may disperse the stagnant flow, 
clear the lumen, and allow differentiation of stasis from 
thrombosis. However, the diagnosis of thrombus by IVUS 
may be compromised and should always be considered 
presumptive.

Dissection

Dissection is observed as a complication of PCI or as 
spontaneous coronary artery dissection (Fig. 5). IVUS 
can detect dissections during PCI, which are usually 
within the ballooned segment or on the edge of stents. 
The dissection is classified into 5 categories as follows.

•	 Intimal: limited to the intima or atheroma, and not 
extending to the media.

•	 Medial: extending into the media.
•	 Adventitial: extending through the EEM (extramural 

hematoma, extravasation).
•	 Intramural hematoma: an accumulation of blood 

within the medial space, displacing the internal elas-
tic membrane inward and EEM outward. Entry and/or 
exit points may or may not be observed.

•	 Intra-stent: separation of neointimal hyperplasia from 
stent struts, usually seen only after treatment of in-
stent restenosis.

The severity of dissection can be quantified according 
to: (1) depth (into plaque; useful only in describing inti-
mal dissections that do not reach the media); (2) circum-
ferential extent (in degrees of arc) using an electronic pro-
tractor centered on the lumen; (3) length (by motorized 
transducer pullback; (4) size of residual lumen area; and 
(5) luminal dissection area. Additional descriptions of 
dissection may include the presence of a false lumen, the 
identification of mobile flap(s), the presence of calcium 
at the dissection border, and dissections in close proxim-
ity to stent edges. Some dissections may not be apparent 
by IVUS, because of the scaffolding by the imaging cath-
eter or because the dissection is located behind calcium. 
If feasible, injection of contrast or saline/glucose solution 
can enhance the diagnostic capability to detect dissection 
on IVUS [41].

Lesion morphology identification in acute coronary 
syndrome

No definitive IVUS features define a plaque as vulnerable 
to induce future events, although plaque burden ≥ 70%, 
MLA < 4 mm2, and thin-cap fibroatheroma derived by VH-
IVUS were shown to be independent predictors [42]. IB-
IVUS is also reported to be useful in predicting ACS [35]. 
Pathological studies revealed that unstable coronary lesions 
are usually lipid-rich with a thin fibrous cap [43]. Morpho-
logically, large hypoechoic plaques (i.e., soft/lipid plaque) 
with no well-formed fibrous cap are considered as vulner-
able atherosclerotic lesions. Tissue characterization tech-
nologies may help to detect unstable and vulnerable plaques.

Three major underlying mechanisms for ACS include 
plaque rupture, plaque erosion, and calcified nodule [44, 
45], although plaque rupture is the most common cause. 
Ruptured plaques have a highly variable appearance by 
IVUS. In patients with ACS, IVUS imaging may show an 
ulceration, often with remnants of the ruptured fibrous cap 
evident at the edges of the ulcer. A variety of other appear-
ances are common such as fissuring of the plaque surface 
[46]. In addition, the presence of thrombi may obscure IVUS 
detection of plaque fissuring or ulceration. The following 
definitions are used.

•	 Plaque ulceration: a recess in the plaque beginning at the 
luminal-intimal border, typically without enlargement of 
the EEM compared with the reference segment.

•	 Plaque rupture: a plaque ulceration with a tear detected in 
a fibrous cap. Injection of contrast or saline may be used 
to prove and define the communication point.

The low resolution of IVUS precludes the evaluation of 
plaque erosions, whereas calcified nodules can be identified 
as distinct calcification with an irregular, protruding, and 
convex luminal surface [45].

Tissue protrusion

Tissue protrusion, often called as tissue prolapse, is fre-
quently detected by IVUS following stent implantation, 
especially in unstable lesions (Fig. 5) [47]. This structure 
is defined as tissue extrusion from inside the stent area, and 
may include either lesion protrusion or, in the context of 
ACS, protrusion of athero-thrombotic material [16]. The 
area of tissue protrusion can be measured by surrounding the 
border of the tissue extrusion. Although the clinical impact 
of tissue protrusion on IVUS remains unclear [47, 48], a 
previous report indicated IVUS-detected tissue protrusion as 
a predictor of subsequent cardiovascular events in patients 
with ST-segment elevation MI [49].
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Aneurysm and true vs. false lumen

•	 True aneurysm: a lesion that includes all layers of the 
vessel wall (i.e., intima, media, and adventitia) with an 
EEM and lumen area > 50% larger than the proximal ref-
erence segment.

•	 Pseudoaneurysm: disruption of the EEM, usually 
observed after intervention.

•	 True versus false lumen: a true lumen is surrounded by 
all layers of the vessel wall. Side branches communi-
cate with the true, but not with the false lumen (Fig. 5). 
A false lumen in a channel, usually parallel to the true 
lumen, which does not communicate with the true lumen 
over a position of its length.

Bioresorbable scaffold

A fully bioresorbable scaffold (BRS) has been designed to 
provide transient mechanical support against acute recoil 
and anti-restenotic benefits in the early phase, and then dis-
appear over time to leave behind only the native coronary 
vessel. Although the Absorb Bioresorbable Vascular Scaf-
fold (Absorb BVS; Abbott Vascular, Santa Clara, USA), the 
most studied BRS, was withdrawn from the market because 
of low demand with the higher rate of device-related events 
than contemporary drug-eluting stent (DES), BRSs have 
been developing. Most BRSs are made from not metal but 
poly-L-lactide, thus the appearance of BRS is different from 
that of metallic stent [50]. The use of 60 MHz high-defini-
tion IVUS is recommended to visualize double layers of 
scaffold struts, while conventional IVUS (i.e., 40 MHz) may 
not clearly identify struts [9]. All measurements including 
scaffold area and incomplete apposition are calculated in a 
similar fashion to the stented lesion.

Vein graft disease

Wall morphology and plaque characteristics of vein grafts 
are different from those of native coronary arteries. The 
bypass graft wall has no side branches and is free from the 
surrounding tissue. In situ veins do not have an EEM. How-
ever, vein grafts typically undergo “arterialization” with 
morphologic changes that include intimal fibrous thickening, 
medial hypertrophy, and lipid deposition. The EEM area is 
measured by tracing the outer border of the sonolucent zone 
[51]. All other measurements including plaque plus media 
area and plaque burden are calculated in a similar fashion to 
native coronary disease.

Assessment of transplant vasculopathy

Coronary disease represents the major cause of death follow-
ing transplantation and is often clinically silent because the 

heart is denervated. IVUS has emerged as the gold stand-
ard for early detection of cardiac allograft vasculopathy 
(CAV). The European guidelines for the management of 
heart transplant patients recommend utilizing IVUS in con-
junction with coronary angiography at baseline and follow-
up to detect rapidly progressive CAV [52]. The severity of 
CAV is classified according to the intimal thickness and its 
degrees of arc [53]. The vessel wall in post-transplantation 
patients may have a single-layer appearance because the 
intima cannot be resolved as a discrete layer. In such cases, 
a thin, inner hypoechoic band corresponding to the intima 
and media is usually present and it is this boundary that 
should be measured. Although lumen boundaries defined 
in this manner may include the intima, the thickness of this 
layer is negligible.

Clinical evidence

In the era of BMS, randomized control trials (RCTs) showed 
better clinical outcomes in patients treated under IVUS guid-
ance compared with angiographic guidance alone in PCI [54, 
55]. In the DES era, several RCTs have compared IVUS-
guided with angiography-guided PCI, among which the 
ULTIMATE trial revealed that IVUS-guided DES implan-
tation as compared with those under angiography guidance 
was associated with significantly lower rates of target vessel 
failure and stent thrombosis in an “all-comers” setting [56]. 
The favorable effect of IVUS guidance was observed dur-
ing the 3-year follow-up after PCI in this trial and another 
RCT, the IVUS-XPL trial, in the reduction of cardiac death 
[57]. Recently, the beneficial effect of IVUS guidance was 
also confirmed in an exclusive setting of ACS [58]. The 
ULTIMATE trial also reinforced the fact that optimal PCI 
results on IVUS (e.g., MLA in the stented segment > 5.0 
mm2 or > 90% of the MLA at the distal reference segments, 
plaque burden < 50% at stent edges, and no edge dissection) 
were significantly associated with better outcomes [56, 59]. 
Interestingly, a sub-analysis of the ULTIMATE and IVUS-
XPL trials showed that IVUS-guided post-dilation was asso-
ciated with improved outcomes, unlike angiography-guided 
post-dilation [60]. These findings emphasize the importance 
of IVUS-guided optimal and precise intervention. In Japan, 
the OPTIVUS-Complex PCI study, a prospective, multi-
center registry demonstrated that IVUS-guided PCI aiming 
to meet the prespecified OPTIVUS criteria for optimal stent 
expansion (minimum stent area > distal reference lumen area 
[stent length ≥ 28 mm], and minimum stent area > 0.8 × aver-
age reference lumen area [stent length < 28 mm]) in patients 
with multi-vessel disease resulted in low target lesion revas-
cularization rates of around 2% at 1 year at patient and lesion 
levels [61–63]. To date, numerous meta-analyses of RCTs 
and observational studies have repeatedly shown that the 
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routine use of IVUS during coronary DES implantation in 
addition to angiography improves clinical outcomes includ-
ing cardiovascular mortality [64]. Ultimately, an updated 
network meta-analysis demonstrated that as compared with 
angiography guidance, intracoronary imaging guidance of 
stent implantation with IVUS or OCT was associated with 
reduced risks of all-cause death, MI, repeat revasculariza-
tion, and stent thrombosis [65]. From a perspective of clini-
cal outcomes, IVUS and OCT may be equivalent [66, 67], 
and the clinical benefit of intracoronary imaging guidance 
in PCI has been established [68–71]. Subsequently, the 2024 
European Society of Cardiology guidelines updated the rec-
ommendation for IVUS or OCT during complex PCI, from 
Class IIa to I [4]. In addition, a recent RCT indicated that 
IVUS guidance may also improve clinical outcomes of PCI 
with drug-coated balloons [72]. Despite the robust evidence 
of IVUS-guided PCI to improve clinical outcomes, however, 
intracoronary imaging guidance remains underused world-
wide. The contemporary Medicare data in the US confirmed 
that the IVUS guidance was associated with lower long-term 
morality, but the use of IVUS in PCI remains low [73]. It 
is well known that in Japan, intracoronary imaging includ-
ing IVUS and OCT is routinely used during PCI procedures 
in most cases, against the situations in the US, European 
countries, and other regions [74–78]. Even within a country, 
substantial variation exists among operators and institutions 
in intracoronary imaging use during PCI, probably due to 
cost and educational issues [76–78]. Of note, previous health 
economic analyses indicated that although IVUS use in PCI 
is associated with increased upfront costs compared with 
angiography alone, it is likely to be a cost-effective strategy 
because of a reduced risk of clinical events [79, 80]. The 
lack of skills and knowledge in intracoronary imaging can 
be another barrier to utilizing IVUS in daily practice [74, 
81]. A recent observational study showed that the beneficial 
effects of IVUS use in PCI were more prominent for less 
experienced operators as compared with experienced opera-
tors [82]. Thus, standardized evaluation systems, using the 
current consensus document, and training programs are war-
ranted [83]. Artificial intelligence-supported IVUS-guided 
PCI is potentially the next step moving forward [84, 85]. For 
the future direction, the recent PREVENT trial shed light on 
the potential of preventive PCI in patients with physiologi-
cally insignificant but vulnerable coronary lesions assessed 
with IVUS, OCT, and NIRS [86]. The upfront preventive 
PCI was associated with a reduced risk of target lesion 
failure as compared with optimal medical therapy alone, 
although debates are ongoing with respect to the provoca-
tive results because of the low event rates, open-label design, 
and predominant coronary vulnerability assessment by gray-
scale IVUS rather than OCT and NIRS in the PREVENT 
trial [86]. Nonetheless, it is conceivable that the PREVENT 
results are the first step in this interventional strategy, and 

upcoming clinical trials focusing on preventive PCI are 
welcome. Furthermore, hybrid intracoronary imaging tech-
nologies, beyond current IVUS and OCT, may be another 
future direction to accurately evaluate the characteristics of 
coronary plaques [87].

Funding  None.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

	 1.	 Saito Y, Kobayashi Y, Fujii K, Sonoda S, Tsujita K, Hibi K, et al. 
Clinical expert consensus document on standards for measure-
ments and assessment of intravascular ultrasound from the Japa-
nese Association of Cardiovascular Intervention and Therapeutics. 
Cardiovasc Interv Ther. 2020;35:1–12.

	 2.	 Saito Y, Kobayashi Y, Fujii K, Sonoda S, Tsujita K, Hibi K, et al. 
Clinical expert consensus document on intravascular ultrasound 
from the Japanese Association of Cardiovascular Intervention and 
Therapeutics (2021). Cardiovasc Interv Ther. 2022;37:40–51.

	 3.	 Saito Y, Kobayashi Y, Fujii K, Sonoda S, Tsujita K, Hibi K, et al. 
CVIT 2023 clinical expert consensus document on intravascular 
ultrasound. Cardiovasc Interv Ther. 2024;39:1–14.

	 4.	 Vrints C, Andreotti F, Koskinas KC, Rossello X, Adamo M, Ain-
slie J, et al. 2024 ESC Guidelines for the management of chronic 
coronary syndromes. Eur Heart J. 2024;45:3415–537.

	 5.	 di Mario C, Koskinas KC, Raber L. Clinical benefit of IVUS guid-
ance for coronary stenting: the ULTIMATE step toward definitive 
evidence? J Am Coll Cardiol. 2018;72:3138–41.

	 6.	 Mintz GS, Garcia-Garcia HM, Nicholls SJ, Weissman NJ, Bruin-
ing N, Crowe T, et al. Clinical expert consensus document on 
standards for acquisition, measurement and reporting of intravas-
cular ultrasound regression/progression studies. EuroIntervention. 
2011;6:1123–30.

	 7.	 Mintz GS, Nissen SE, Anderson WD, Bailey SR, Erbel R, Fitzger-
ald PJ, et al. American College of Cardiology clinical expert con-
sensus document on standards for acquisition, measurement and 
reporting of intravascular ultrasound studies (IVUS): a report of 
the American College of Cardiology task force on clinical expert 
consensus documents. J Am Coll Cardiol. 2001;37:1478–92.

	 8.	 Lockwood GR, Ryan LK, Hunt JW, Foster FS. Measurement of 
the ultrasonic properties of vascular tissues and blood from 35 to 
65 MHz. Ultrasound Med Biol. 1991;17:653–66.

	 9.	 Okada K, Kitahara H, Mitsutake Y, Tanaka S, Kimura T, Yock 
PG, et al. Assessment of bioresorbable scaffold with a novel 
high-definition 60 MHz IVUS imaging system: comparison with 
40-MHz IVUS referenced to optical coherence tomography. Cath-
eter Cardiovasc Interv. 2018;91:874–83.

http://creativecommons.org/licenses/by/4.0/


223CVIT 2025 clinical expert consensus document on intravascular ultrasound﻿	

	10.	 Yamada R, Okura H, Kume T, Hayashida A, Neishi Y, Kawamoto 
T, et al. Comparison of quantitative measurements between two 
different intravascular ultrasound systems: in vitro and in vivo 
studies. J Cardiol. 2013;61:201–5.

	11.	 Li Y, Honye J, Saito S, Takayama T, Yokoyama S, Saruya T, et al. 
Variability in quantitative measurement of the same segment with 
two different intravascular ultrasound systems: in vivo and in vitro 
studies. Catheter Cardiovasc Interv. 2004;62:175–80.

	12.	 ten Hoff H, Korbijn A, Smith TH, Klinkhamer JF, Bom N. Imag-
ing artifacts in mechanically driven ultrasound catheters. Int J 
Card Imaging. 1989;4:195–9.

	13.	 Hernandez-Sabate A, Gil D, Fernandez-Nofrerias E, Radeva P, 
Marti E. Approaching artery rigid dynamics in IVUS. IEEE Trans 
Med Imaging. 2009;28:1670–80.

	14.	 Arbab-Zadeh A, DeMaria AN, Penny WF, Russo RJ, Kimura 
BJ, Bhargava V. Axial movement of the intravascular ultrasound 
probe during the cardiac cycle: implications for three-dimen-
sional reconstruction and measurements of coronary dimen-
sions. Am Heart J. 1999;138:865–72.

	15.	 Morino Y, Tamiya S, Masuda N, Kawamura Y, Nagaoka M, 
Matsukage T, et al. Intravascular ultrasound criteria for determi-
nation of optimal longitudinal positioning of sirolimus-eluting 
stents. Circ J. 2010;74:1609–16.

	16.	 Raber L, Mintz GS, Koskinas KC, Johnson TW, Holm NR, 
Onuma Y, et al. Clinical use of intracoronary imaging: part 
1—guidance and optimization of coronary interventions—
an expert consensus document of the European Association 
of Percutaneous Cardiovascular Interventions. Eur Heart J. 
2018;39:3281–300.

	17.	 Kobayashi Y, De Gregorio J, Kobayashi N, Akiyama T, Reimers 
B, Finci L, et al. Stented segment length as an independent predic-
tor of restenosis. J Am Coll Cardiol. 1999;34:651–9.

	18.	 Lockwood GR, Ryan LK, Gotlieb AI, Lonn E, Hunt JW, Liu P, 
et al. In vitro high resolution intravascular imaging in muscular 
and elastic arteries. J Am Coll Cardiol. 1992;20:153–60.

	19.	 Kume T, Okura H, Fukuhara K, Koyama T, Yamada R, Neishi Y, 
et al. Visualization of coronary plaque vasa vasorum by intravas-
cular ultrasound. JACC Cardiovasc Interv. 2013;6:985.

	20.	 Nakamura S, Colombo A, Gaglione A, Almagor Y, Goldberg SL, 
Maiello L, et al. Intracoronary ultrasound observations during 
stent implantation. Circulation. 1994;89:2026–34.

	21.	 McDaniel MC, Douglas JS Jr. Stent area by intravascular ultra-
sound and outcomes in left main intervention with drug-elut-
ing stents: small stents, more events. Circ Cardiovasc Interv. 
2011;4:542–4.

	22.	 Sonoda S, Morino Y, Ako J, Terashima M, Hassan AH, Bonneau 
HN, et al. Impact of final stent dimensions on long-term results 
following sirolimus-eluting stent implantation: serial intravascu-
lar ultrasound analysis from the Sirius trial. J Am Coll Cardiol. 
2004;43:1959–63.

	23.	 Ehara S, Kobayashi Y, Yoshiyama M, Shimada K, Shimada Y, 
Fukuda D, et al. Spotty calcification typifies the culprit plaque in 
patients with acute myocardial infarction: an intravascular ultra-
sound study. Circulation. 2004;110:3424–9.

	24.	 Glagov S, Weisenberg E, Zarins CK, Stankunavicius R, Kolettis 
GJ. Compensatory enlargement of human atherosclerotic coronary 
arteries. N Engl J Med. 1987;316:1371–5.

	25.	 Okura H, Morino Y, Oshima A, Hayase M, Ward MR, Popma JJ, 
et al. Preintervention arterial remodeling affects clinical outcome 
following stenting: an intravascular ultrasound study. J Am Coll 
Cardiol. 2001;37:1031–5.

	26.	 Okura H, Kobayashi Y, Sumitsuji S, Terashima M, Kataoka T, 
Masutani M, et al. Effect of culprit-lesion remodeling versus 
plaque rupture on three-year outcome in patients with acute coro-
nary syndrome. Am J Cardiol. 2009;103:791–5.

	27.	 Tsujita K, Sugiyama S, Sumida H, Shimomura H, Yamashita T, 
Yamanaga K, et al. Impact of dual lipid-lowering strategy with 
ezetimibe and atorvastatin on coronary plaque regression in 
patients with percutaneous coronary intervention: the multicenter 
randomized controlled PRECISE-IVUS trial. J Am Coll Cardiol. 
2015;66:495–507.

	28.	 Pasterkamp G, Borst C, Gussenhoven EJ, Mali WPTM, Post MJ, 
The SHK, et al. Remodeling of de novo atherosclerotic lesions in 
femoral arteries: impact on mechanism of balloon angioplasty. J 
Am Coll Cardiol. 1995;26:422–8.

	29.	 Ko YG, Shin DH, Kim JS, Kim BK, Choi D, Hong MK, et al. 
Comparison of neointimal hyperplasia and peri-stent vascu-
lar remodeling after implantation of everolimus-eluting versus 
sirolimus-eluting stents: intravascular ultrasound results from the 
EXCELLENT study. Int J Cardiovasc Imaging. 2013;29:1229–36.

	30.	 Erlinge D, Maehara A, Ben-Yehuda O, Bøtker HE, Maeng M, 
Kjøller-Hansen L, et al. Identification of vulnerable plaques and 
patients by intracoronary near-infrared spectroscopy and ultra-
sound (PROSPECT II): a prospective natural history study. Lan-
cet. 2021;397:985–95.

	31.	 Waksman R, Di Mario C, Torguson R, Ali ZA, Singh V, Skin-
ner WH, et al. Identification of patients and plaques vulnerable 
to future coronary events with near-infrared spectroscopy intra-
vascular ultrasound imaging: a prospective, cohort study. Lancet. 
2019;394:1629–37.

	32.	 Nakazawa G, Otsuka F, Nakano M, Vorpahl M, Yazdani SK, 
Ladich E, et al. The pathology of neoatherosclerosis in human 
coronary implants bare-metal and drug-eluting stents. J Am Coll 
Cardiol. 2011;57:1314–22.

	33.	 Kang SJ, Mintz GS, Park DW, Lee SW, Kim YH, Lee CW, et al. 
Tissue characterization of in-stent neointima using intravas-
cular ultrasound radiofrequency data analysis. Am J Cardiol. 
2010;106:1561–5.

	34.	 Wu X, Maehara A, Mintz GS, Kubo T, Xu K, Choi SY, et al. 
Virtual histology intravascular ultrasound analysis of non-culprit 
attenuated plaques detected by grayscale intravascular ultra-
sound in patients with acute coronary syndromes. Am J Cardiol. 
2010;105:48–53.

	35.	 Sano K, Kawasaki M, Ishihara Y, Okubo M, Tsuchiya K, Nishi-
gaki K, et al. Assessment of vulnerable plaques causing acute 
coronary syndrome using integrated backscatter intravascular 
ultrasound. J Am Coll Cardiol. 2006;47:734–41.

	36.	 Hibi K, Kozuma K, Sonoda S, Endo T, Tanaka H, Kyono H, et al. 
A Randomized study of distal filter protection versus conventional 
treatment during percutaneous coronary intervention in patients 
with attenuated plaque identified by intravascular ultrasound. 
JACC Cardiovasc Interv. 2018;11:1545–55.

	37.	 Yuki H, Kinoshita D, Suzuki K, Niida T, Nakajima A, Seegers 
LM, et al. Layered plaque and plaque volume in patients with acute 
coronary syndromes. J Thromb Thrombolysis. 2023;55:432–8.

	38.	 Terada K, Kubo T, Khalifa AKM, Wang WT, Fujita S, Madder 
RD. NIRS-IVUS assessment of OCT-derived healed coronary 
plaques. J Atheroscler Thromb. 2024. https://​doi.​org/​10.​5551/​
jat.​64781.

	39.	 Nishi T, Kume T, Yamada R, Okamoto H, Koto S, Yamashita M, 
et al. Layered plaque in organic lesions in patients with coronary 
artery spasm. J Am Heart Assoc. 2022;11: e024880.

	40.	 Kearney P, Erbel R, Rupprecht HJ, Ge J, Koch L, Voigtlander 
T, et al. Differences in the morphology of unstable and stable 
coronary lesions and their impact on the mechanisms of angio-
plasty: an in vivo study with intravascular ultrasound. Eur Heart 
J. 1996;17:721–30.

	41.	 Honye J, Saito S, Takayama T, Yajima J, Shimizu T, Chiku M, 
et al. Clinical utility of negative contrast intravascular ultrasound 
to evaluate plaque morphology before and after coronary interven-
tions. Am J Cardiol. 1999;83:687–90.

https://doi.org/10.5551/jat.64781
https://doi.org/10.5551/jat.64781


224	 Y. Saito et al.

	42.	 Johnson TW, Raber L, di Mario C, Bourantas C, Jia H, Mattes-
ini A, et al. Clinical use of intracoronary imaging: part 2—acute 
coronary syndromes, ambiguous coronary angiography findings, 
and guiding interventional decision-making: an expert consensus 
document of the European Association of percutaneous cardio-
vascular interventions. Eur Heart J. 2019;40:2566–84.

	43.	 Virmani R, Kolodgie FD, Burke AP, Finn AV, Gold HK, Tulenko 
TN, et al. Atherosclerotic plaque progression and vulnerability 
to rupture: angiogenesis as a source of intraplaque hemorrhage. 
Arterioscler Thromb Vasc Biol. 2005;25:2054–61.

	44.	 Fujii K, Kobayashi Y, Mintz GS, Takebayashi H, Dangas G, 
Moussa I, et al. Intravascular ultrasound assessment of ulcerated 
ruptured plaques: a comparison of culprit and nonculprit lesions 
of patients with acute coronary syndromes and lesions in patients 
without acute coronary syndromes. Circulation. 2003;108:2473–8.

	45.	 Xu Y, Mintz GS, Tam A, McPherson JA, Iniguez A, Fajadet 
J, et al. Prevalence, distribution, predictors, and outcomes of 
patients with calcified nodules in native coronary arteries: a 
3-vessel intravascular ultrasound analysis from providing 
regional observations to study predictors of events in the coro-
nary tree (PROSPECT). Circulation. 2012;126:537–45.

	46.	 Sakamoto K, Nagamatsu S, Yamamoto E, Kaikita K, Tsujita 
K. Atherosclerotic coronary plaque development visualized by 
in vivo coronary imaging. Circ J. 2018;82:1727–34.

	47.	 Qiu F, Mintz GS, Witzenbichler B, Metzger DC, Rinaldi 
MJ, Duffy PL, et  al. Prevalence and clinical impact of tis-
sue protrusion after stent implantation: an ADAPT-DES 
intravascular ultrasound substudy. JACC Cardiovasc Interv. 
2016;9:1499–507.

	48.	 Hong MK, Park SW, Lee CW, Kang DH, Song JK, Kim JJ, et al. 
Long-term outcomes of minor plaque prolapsed within stents 
documented with intravascular ultrasound. Catheter Cardiovasc 
Interv. 2000;51:22–6.

	49.	 Okuya Y, Saito Y, Sakai Y, Ishibashi I, Kobayashi Y. Impact of 
tissue protrusion after coronary stenting in patients with ST-seg-
ment elevation myocardial infarction. Int J Cardiovasc Imaging. 
2019;35:401–7.

	50.	 Sotomi Y, Suwannasom P, Tenekecioglu E, Collet C, Nakatani S, 
Okamura T, et al. Imaging assessment of bioresorbable vascular 
scaffolds. Cardiovasc Interv Ther. 2018;33:11–22.

	51.	 Castagna MT, Mintz GS, Ohlmann P, Kotani J, Maehara A, 
Gevorkian N, et al. Incidence, location, magnitude, and clini-
cal correlates of saphenous vein graft calcification: an intra-
vascular ultrasound and angiographic study. Circulation. 
2005;111:1148–52.

	52.	 Badano LP, Miglioranza MH, Edvardsen T, Colafranceschi AS, 
Muraru D, Bacal F, et al. European Association of Cardiovascu-
lar Imaging/Cardiovascular Imaging Department of the Brazilian 
Society of Cardiology recommendations for the use of cardiac 
imaging to assess and follow patients after heart transplantation. 
Eur Heart J Cardiovasc Imaging. 2015;16:919–48.

	53.	 St Goar FG, Pinto FJ, Alderman EL, Valantine HA, Schroeder 
JS, Gao SZ, et al. Intracoronary ultrasound in cardiac transplant 
recipients: in vivo evidence of “angiographically silent” intimal 
thickening. Circulation. 1992;85:979–87.

	54.	 Oemrawsingh PV, Mintz GS, Schalij MJ, Zwinderman AH, 
Jukema JW, van der Wall EE. Intravascular ultrasound guidance 
improves angiographic and clinical outcome of stent implantation 
for long coronary artery stenoses: final results of a randomized 
comparison with angiographic guidance (TULIP Study). Circula-
tion. 2003;107:62–7.

	55.	 Schiele F, Meneveau N, Vuillemenot A, Zhang DD, Gupta S, Mer-
cier M, et al. Impact of intravascular ultrasound guidance in stent 
deployment on 6-month restenosis rate: a multicenter, randomized 
study comparing two strategies–with and without intravascular 
ultrasound guidance. J Am Coll Cardiol. 1998;32:320–8.

	56.	 Zhang J, Gao X, Kan J, Ge Z, Han L, Lu S, et  al. Intravas-
cular ultrasound versus angiography-guided drug-eluting 
stent implantation: the ULTIMATE trial. J Am Coll Cardiol. 
2018;72:3126–37.

	57.	 Hong SJ, Zhang JJ, Mintz GS, Ahn CM, Kim JS, Kim BK, et al. 
Improved 3-year cardiac survival after IVUS-guided long DES 
implantation: a patient-level analysis from 2 randomized trials. 
JACC Cardiovasc Interv. 2022;15:208–16.

	58.	 Li X, Ge Z, Kan J, Anjum M, Xie P, Chen X, et al. Intravas-
cular ultrasound-guided versus angiography-guided percu-
taneous coronary intervention in acute coronary syndromes 
(IVUS-ACS): a two-stage, multicentre, randomised trial. Lancet. 
2024;403:1855–65.

	59.	 Gao XF, Ge Z, Kong XQ, Kan J, Han L, Lu S, et al. 3-year out-
comes of the ULTIMATE trial comparing intravascular ultrasound 
versus angiography-guided drug-eluting stent implantation. JACC 
Cardiovasc Interv. 2021;14:247–57.

	60.	 Lee YJ, Zhang JJ, Mintz GS, Hong SJ, Ahn CM, Kim JS, et al. Is 
routine postdilation during angiography-guided stent implantation 
as good as intravascular ultrasound guidance? An analysis using 
data from IVUS-XPL and ULTIMATE. Circ Cardiovasc Interv. 
2022;15: e011366.

	61.	 Yamamoto K, Shiomi H, Morimoto T, Miyazawa A, Watanabe H, 
Natsuaki M, et al. Target lesion revascularization after intravas-
cular ultrasound-guided percutaneous coronary intervention. Circ 
Cardiovasc Interv. 2023;16: e012922.

	62.	 Yamamoto K, Shiomi H, Morimoto T, Watanabe H, Miyazawa A, 
Yamaji K, et al. Comparison of the OPTIVUS-complex PCI multi-
vessel cohort with the historical CREDO-Kyoto registry cohort-3. 
Circ J. 2023;87:1689–702.

	63.	 Yamamoto K, Shiomi H, Morimoto T, Watanabe H, Miyazawa A, 
Yamaji K, et al. Optimal intravascular ultrasound-guided percuta-
neous coronary intervention in patients with multivessel disease. 
JACC Asia. 2023;3:211–25.

	64.	 Mintz GS, Bourantas CV, Chamié D. Intravascular imaging for 
percutaneous coronary intervention guidance and optimization: 
the evidence for improved patient outcomes. J Soc Cardiovasc 
Angiogr Interv. 2022;1: 100413.

	65.	 Stone GW, Christiansen EH, Ali ZA, Andreasen LN, Maehara 
A, Ahmad Y, et al. Intravascular imaging-guided coronary drug-
eluting stent implantation: an updated network meta-analysis. 
Lancet. 2024;403:824–37.

	66.	 Kang D-Y, Ahn J-M, Yun S-C, Hur S-H, Cho Y-K, Lee CH, et al. 
Optical coherence tomography-guided or intravascular ultrasound-
guided percutaneous coronary intervention: the OCTIVUS rand-
omized clinical trial. Circulation. 2023;148:1195–206.

	67.	 Giacoppo D, Laudani C, Occhipinti G, Spagnolo M, Greco A, 
Rochira C, et al. Coronary angiography, intravascular ultrasound, 
and optical coherence tomography for guiding of percutaneous 
coronary intervention: a systematic review and network meta-
analysis. Circulation. 2024;149:1065–86.

	68.	 Akase H, Okamura T, Nagoshi R, Fujimura T, Miyazaki Y, Tak-
enaka H, et al. Risk assessment of side branch compromise after 
coronary bifurcation stenting: a substudy of the 3D-OCT bifurca-
tion registry. Circ J. 2024;88:959–69.

	69.	 Roh JW, Bae S, Johnson TW, Heo SJ, Kim Y, Cho DK, et al. 
Impact of intravascular ultrasound-guided percutaneous coro-
nary intervention in patients with acute myocardial infarction and 
chronic kidney disease. Circ J. 2023;87:1339–46.

	70.	 Sugiyama T, Kakuta T, Hoshino M, Hada M, Yonetsu T, Usui E, 
et al. Predictors of optical coherence tomography-defined calci-
fied nodules in patients with acute coronary syndrome: a substudy 
from the TACTICS registry. Circ J. 2024;88:1853–61.

	71.	 Suzuki N, Yokoi T, Kimura T, Ikeda Y, Takahashi S, Aoyagi T, 
et al. Prediction of slow-flow phenomenon after stent implantation 



225CVIT 2025 clinical expert consensus document on intravascular ultrasound﻿	

using near-infrared spectroscopy in patients with acute and 
chronic coronary syndrome. Circ J. 2024;88:972–9.

	72.	 Gao XF, Ge Z, Kong XQ, Chen X, Han L, Qian XS, et al. Intra-
vascular ultrasound vs angiography-guided drug-coated balloon 
angioplasty: the ULTIMATE III trial. JACC Cardiovasc Interv. 
2024;17:1519–28.

	73.	 Mentias A, Sarrazin MV, Saad M, Panaich S, Kapadia S, Hor-
witz PA, et al. Long-term outcomes of coronary stenting with and 
without use of intravascular ultrasound. JACC Cardiovasc Interv. 
2020;13:1880–90.

	74.	 Koskinas KC, Nakamura M, Raber L, Colleran R, Kadota K, Cap-
odanno D, et al. Current use of intracoronary imaging in interven-
tional practice- results of a European Association of Percutaneous 
Cardiovascular Interventions (EAPCI) and Japanese Association 
of Cardiovascular Interventions and Therapeutics (CVIT) clinical 
practice survey. Circ J. 2018;82:1360–8.

	75.	 Raber L, Ueki Y. Outcomes of intravascular ultrasound-guided 
percutaneous coronary intervention in the United States. JACC 
Cardiovasc Interv. 2020;13:1891–3.

	76.	 Madder RD, Seth M, Sukul D, Alraies MC, Qureshi M, Tucci-
arone M, et al. Rates of intracoronary imaging optimization in 
contemporary percutaneous coronary intervention: a report from 
the BMC2 registry. Circ Cardiovasc Interv. 2022;15: e012182.

	77.	 Fazel R, Yeh RW, Cohen DJ, Rao SV, Li S, Song Y, et al. Intra-
vascular imaging during percutaneous coronary intervention: 
temporal trends and clinical outcomes in the USA. Eur Heart J. 
2023;44:3845–55.

	78.	 Hannan EL, Zhong Y, Reddy P, Jacobs AK, Ling FSK, King Iii 
SB, et al. percutaneous coronary intervention with and without 
intravascular ultrasound for patients with complex lesions: utiliza-
tion, mortality, and target vessel revascularization. Circ Cardio-
vasc Interv. 2022;15: e011687.

	79.	 Zhou J, Liew D, Duffy SJ, Shaw J, Walton A, Chan W, et al. Intra-
vascular ultrasound versus angiography-guided drug-eluting stent 
implantation: a health economic analysis. Circ Cardiovasc Qual 
Outcomes. 2021;14: e006789.

	80.	 Alberti A, Giudice P, Gelera A, Stefanini L, Priest V, Simmonds 
M, et al. Understanding the economic impact of intravascular 
ultrasound (IVUS). Eur J Health Econ. 2016;17:185–93.

	81.	 Flattery E, Rahim HM, Petrossian G, Shlofmitz E, Gkargkoulas 
F, Matsumura M, et al. Competency-based assessment of inter-
ventional cardiology fellows’ abilities in intracoronary physiology 
and imaging. Circ Cardiovasc Interv. 2020;13: e008760.

	82.	 Choi KH, Lee SY, Song YB, Park TK, Lee JM, Yang JH, et al. 
Prognostic impact of operator experience and IVUS guidance on 
long-term clinical outcomes after complex PCI. JACC Cardiovasc 
Interv. 2023;16:1746–58.

	83.	 Simsek B, Kostantinis S, Karacsonyi J, Hakeem A, Prasad A, 
Prasad A, et al. Educational experience of interventional cardiol-
ogy fellows in the United States and Canada. JACC Cardiovasc 
Interv. 2023;16:247–57.

	84.	 Cho H, Kang SJ, Min HS, Lee JG, Kim WJ, Kang SH, et al. Intra-
vascular ultrasound-based deep learning for plaque characteriza-
tion in coronary artery disease. Atherosclerosis. 2021;324:69–75.

	85.	 Nishi T, Yamashita R, Imura S, Tateishi K, Kitahara H, Kobayashi 
Y, et al. Deep learning-based intravascular ultrasound segmenta-
tion for the assessment of coronary artery disease. Int J Cardiol. 
2021;333:55–9.

	86.	 Park SJ, Ahn JM, Kang DY, Yun SC, Ahn YK, Kim WJ, et al. 
Preventive percutaneous coronary intervention versus optimal 
medical therapy alone for the treatment of vulnerable atheroscle-
rotic coronary plaques (PREVENT): a multicentre, open-label, 
randomised controlled trial. Lancet. 2024;403:1753–65.

	87.	 Tufaro V, Jaffer FA, Serruys PW, Onuma Y, van der Steen AFW, 
Stone GW, et al. Emerging hybrid intracoronary imaging tech-
nologies and their applications in clinical practice and research. 
JACC Cardiovasc Interv. 2024;17:1963–79.

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	CVIT 2025 clinical expert consensus document on intravascular ultrasound
	Abstract
	Introduction
	Principles and precautions
	Definition of lesionstenosis and reference
	Quantitative measurements
	Lumen measurements
	External elastic membrane measurement
	Plaque measurement
	Stent measurements
	Calcium measurements
	Reference segment measurements
	Remodeling
	Length

	Qualitative measurements
	Plaque morphology
	Thrombus
	Dissection
	Lesion morphology identification in acute coronary syndrome
	Tissue protrusion
	Aneurysm and true vs. false lumen
	Bioresorbable scaffold
	Vein graft disease
	Assessment of transplant vasculopathy

	Clinical evidence
	References




