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Abstract. Coronary heart disease is the leading cause of
mortality among all diseases globally. Percutaneous coronary
intervention (PCI) is a key method for the treatment of coro-
nary heart disease. Optical coherence tomography (OCT) is
an optical diagnostic technology with a resolution of up to
10 pm, which is able to accurately assess the composition of
the coronary arterial wall and determine the characteristics
of atherosclerotic lesions. It is also highly consistent with
pathological examinations, optimizing the effect of stent
implantation and evaluation of the long-term effectiveness
and safety of the stent, which has irreplaceable value in the
field of precision and optimization of coronary intervention.
The innovative OCT technology may help provide more
comprehensive clinical research evidence. The application of
OCT in clinical and basic research of coronary atherosclerosis,
selection of treatment strategies for acute coronary syndromes,
optimization of interventional treatment efficacy, evaluation
of novel stents, intimal stent coverage and selection of dual
antiplatelet drugs has become more widely used, affecting
the current coronary interventional treatment strategies to a
certain extent. The aim of the present review was to discuss the
role of OCT in evaluating preoperative plaque characteristics,
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guiding PCI and evaluating the effects of postoperative stents
or drug treatments.
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1. Introduction

In heart disease, medical imaging may provide an objective
basis for the diagnosis and suitable treatment of changes in
cardiac structure and minor pathological changes. The imaging
examination techniques of the coronary arterial lumen mainly
include coronary angiography (CAG), intravascular ultrasound
(IVUS), optical coherence tomography (OCT), angioscopy
and near-infrared spectroscopy (NIRS), which are able to
clearly display the internal structure and pathological changes
of blood vessels (1). These provide clinicians with real-time
dynamic observations, help reach the correct diagnosis of the
disease in a timely manner and provide reasonable treatment
strategies (Table I).

CAG is a routine method used to assess the extent and
severity of coronary artery disease. Intracoronary imaging
methods, such as IVUS and OCT, may provide helpful infor-
mation on the morphology of the coronary arteries and may
help evaluate the size of the lumen, plaque load and compo-
sition in detail, which are helpful for treatment planning (1).
As presented in Table II, accumulating evidence suggests that
both IVUS and OCT are able to optimize the deployment
and outcome of the stent while improving patient prognosis,
particularly regarding the prognostic significance of the
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disease (the left main disease) and anatomical structures that
are difficult to assess on imaging (2,3).

2. OCT evaluation of atherosclerotic plaque-related factors

Atherosclerotic plaque is a term used to describe a space-occu-
pying lesion (thickening lesion) or loss of a three-layer structure
in the blood vessel wall on OCT images. The OCT diagnostic
criteria stated below refer to the internationally recognized
OCT consensus (4-6).

Types of plaques on OCT images. In the OCT image, the
normal coronary artery wall is characterized by a typical
three-layer structure (Fig. 1A), which is composed of blood
intima, media and adventitia (Fig. 1B). The intima of the blood
vessel has a high reflection signal, the reflection signal of the
media is usually low or weak and the adventitia frequently
exhibits an uneven high-reflection signal. In OCT, the
internal elastic membrane (IEM) is defined as the boundary
between arterial intima and media, while the external elastic
membrane (EEM) is defined as the boundary between arte-
rial media and adventitia (Fig. 1B). Compared with traditional
coronary angiography, OCT has marked high-resolution
characteristics. OCT is able to accurately identify certain
atherosclerotic plaques, adventitia, EEM and IEM, and may
accurately identify different tissue characteristics of plaques,
including fibers (Fig. 1C), calcification components (Fig. 1D)
and lipids (Fig. 1E). At the same time, the evaluation of the
microstructure in the plaque by OCT is unmatched by other
imaging techniques, including cholesterol crystals (Fig. 1F),
macrophages (Fig. 1G), microvessels (Fig. 1H) and micro-
calcifications. These types of plaques have differences in
scattering characteristics (intensity of the reflected signal)
and attenuation characteristics (as the signal penetrates deeper
into the tissue layer, the intensity of the light signal gradually
decreases through scattering and absorption). Therefore, these
plaques with different properties will have corresponding
characteristic changes on the OCT image. As is presented
in Fig. 1 and Table III, the plaques displayed in OCT images
include fibrous, calcified and lipid plaques; microstructures
within the plaques may also be observed (5-7).

Vulnerable plaque. As early as 1989, Muller et al (8) put
forward the concept of ‘vulnerable plaque’ to study acute
cardiovascular disease. According to that study, the leading
cause of acute coronary syndrome (ACS) is the rupture of an
unstable plaque and secondary thrombosis. Kolodgie et al (9)
renamed the ‘vulnerable plaque’ to ‘thin-cap fibroatheroma’
(TCFA) after combining the autopsy results of patients who
died from cardiac causes. This term refers explicitly to an
atherosclerotic plaque with macrophage infiltration and a
necrotic center covered by a fibrous cap with a thickness of
<65 pm (Fig. 2). As presented in Table IV, Naghavi et al (10)
provided the histopathological definition and diagnostic
criteria of vulnerable plaque (10-12).

A previous study used OCT to perform imaging analysis
on 26 cases with ST-segment elevation myocardial infarc-
tion (STEMI) and 16 patients with stable angina pectoris.
The results indicated that patients with STEMI had a higher
proportion of TCFAs observed in the ‘culprit lesions’” (85 vs.

13%, respectively; P<0.001), while the fibrous cap was thinner
(57£12 vs. 180+65 um, respectively; P<0.001) (13). In addition
to TCFA, plaque rupture, plaque erosion, calcified nodules,
macrophage infiltration and formation of nutrient blood
vessels are all associated with the occurrence of ACS. Thus,
the evaluation and quantitative analysis of vulnerable plaques
may guide the risk stratification of clinical conditions, as well
as the protection and treatment of vulnerable plaques, and help
evaluate treatment efficacy.

Advantages and disadvantages of methods used for evaluating
vulnerable plaques. In the clinic, the coronary angiography
results of numerous patients are not able to display the under-
lying coronary artery lesions, particularly culprit lesions that
are not able to identify thrombosis, whether they are caused by
unstable plaque rupture, plaque erosion or calcified nodules.
As presented in Table V, although several methods may be
used to detect vulnerable plaques, various detection methods
have their advantages and disadvantages (14,15). The major
factor that determines the vulnerability of plaques is abnormal
plaque structure and OCT is able to accurately identify
plaque components and microstructure within the plaque
due to its high resolution. The superficial calcification and
neovascularization of the five main and secondary criteria for
vulnerable plaques may be accurately analyzed qualitatively
or quantitatively, making it the most ideal imaging technique
for identifying vulnerable plaques.

Identification of vulnerable plaques by OCT

OCT measures the thickness of the fibrous cap and may
identify the thin fibrous cap. The thickness of the fibrous cap is
the decisive factor for vulnerable plaques (16). The fibrous cap
appears as a high-density, low-reflection image on OCT. OCT
may clearly distinguish vulnerable plaques with thin fibrous
caps (Fig. 2A). The thickness of the fragile cap, which is widely
accepted and recognized in clinical practice, is 65 pm (17).
TCFA, in the context of OCT, is defined as a lipid-rich plaque
with a thin fibrous cap (the thinnest part is <65 ym), and the
lipid component in a plaque occupies =2 quadrants (17). A
previous study performed a histomorphological analysis of
295 coronary plaques (105 fibrous plaques, 88 TCFAs and 102
ruptured plaques) in patients who suffered sudden cardiac death.
That study indicated that fibrous cap thickness distinguishes
these types of plaques. The critical feature of the TCFA is that
the plaque volume increases and the stenosis of the coronary
arterial lumen becomes increasingly severe, which may lead to
plaque rupture, causing an acute coronary event (18).

Microchannels. A microchannel on OCT imaging is defined
as a non-signal luminal structure image of >3 frames that
does not communicate with the lumen (19). The greater the
number of microchannels (=2), the higher the proportion of
TCFAs and the plaques with microchannels are more likely
to rupture (20). On the one hand, microchannels may provide
nutrients and oxygen to the heart muscle; on the other hand,
they may promote the influx of lipids and inflammatory cell
infiltration in coronary plaques. The newly formed microchan-
nels are fragile and easy to rupture, leading to hemorrhage in
the plaque, which eventually leads to a rapid increase in plaque
volume and narrowing of the lumen (20).
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Table I. Comparison of several catheter technologies.
Item CAG OCT IVUS Angioscopy NIRS
Plaque volume - - ++ + -
Calcification ++ ++ 4+ - -
Fiber cap - 4+ + 4 +
Lipid core - +++ ++ + ++
Inflammation - + - - -
Thrombus + ++ + +++ +
Vascular remodeling - - ++ - -
Stent expansion - ++ ++ + -
Intimal hyperplasia + ++ + + -

OCT, optical coherence tomography; CAG, coronary angiography; IVUS, intravascular ultrasound; NIRS, near-infrared spectroscopy; -, no

recognition ability; +, weak recognition; ++, fair recognition ability; +++, strong recognition.

Internal membrane

Middle membrane

External membrane

Figure 1. Types of plaques in optical coherence tomography images. (A) Diagram of normal coronary arteries (scale bar, | mm). (B) Magnified image of
normal coronary artery wall (scale bar, 0.5 mm). Representative images of (C) fibrous plaque, (D) calcified plaque, (E) lipid plaque, (F) cholesterol crystal,

(G) macrophage infiltration and (H) microchannel (arrows, scale bar, | mm). EEM, external elastic membrane; IEM, internal elastic membrane.

Rupture and erosion of the plagques. On OCT, plaque
rupture (Fig. 2B) manifests as intimal tearing, destruction

or plaque fibrous cap dissection. Erosion (Fig. 2C) refers to
an irregular or discontinuous vascular intimal surface with



Table II. Comparison of the characteristics of OCT and IVUS.
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A, IVUS modality

Advantages

Limitations

The development of IVUS and the recognition of images
are relatively mature

IVUS is able to clearly display the intravascular
structure and evaluate the plaque composition

It may optimize and guide the treatment of coronary
intervention

It may be used to study the mechanism of plaque
progression or regression prior to and after treatment,
vascular remodeling and restenosis after stent
implantation

The currently developed IVUS imaging catheter has poor
passing ability for more severe stenosis or twisted angular
lesions

As different tissues may have the same acoustic properties,
the same density value may be reflected in IVUS images
The current IVUS on the market has a low resolution and
is not able to make accurate judgments for small structures
and lesions in blood vessels, and corresponding changes
in the lumen after stent implantation

B, OCT modality

Advantages

Limitations

It has an ultra-high resolution comparable to histology, allowing
real-time observation of small structures and lesions in blood
vessels

It is able to accurately measure coronary luminal parameters,
observe the morphological characteristics of arterial intima

and plaques, and identify vulnerable plaques and macrophage
infiltration prior to surgery

It is able to make the percutaneous coronary intervention process
more refined and optimize the immediate effect after stent
implantation. It may accurately observe the postoperative
situation of various types of stent implantation at the
cross-sectional level

The OCT imaging process requires blocking or removal of
the blood in the corresponding detection vessel, which
increases the difficulty of the operation and limits its
application in severe coronary ischemic diseases

OCT has a weak penetrating ability and is not able to
accurately analyze the whole picture of the lesion. It is also
difficult to measure the diameter of larger blood vessels
and evaluate vascular remodeling

OCT is not able to clearly identify the internal tissue
covered by the thrombus (particularly red thrombus)
inside the blood vessel

In the detection after stent implantation, although OCT
may clearly detect the stent intima, it is still unable to
distinguish the histological characteristics of the stent
surface covering the intima

OCT, optical coherence tomography; IVUS, intravascular ultrasound.

a tiny thrombus; however, there is no fibrous cap damage or
void formation (21). An OCT study systematically classified
and defined ACS culprit plaques and indicated that plaque
rupture, plaque erosion and calcified nodules under the OCT
definition accounted for 43.7, 31.0 and 7.9% of culprit lesions
in ACS (22).

Macrophages. Macrophage activity is a crucial feature for
evaluating plaque stability. Macrophages appear as dot-shaped
areas with abundant, apparent or fused signals on OCT and the
noise intensity of this area is stronger than the noise intensity of
background spots (21). It has been confirmed that macrophages
are associated with the severity of clinical symptoms. A study
used OCT to image culprit and non-culprit lesions in a group of
patients with stable angina pectoris, unstable angina pectoris

(UAP) and STEMI and quantitatively analyzed macrophages
in the plaques. The results suggested that the cell density in
patients with STEMI and UAP was increased, the density of
macrophages in the culprit plaque lesion was higher compared
with that of the non-culprit lesion and the macrophage density
in the ruptured plaque was greater compared with that of the
non-ruptured plaque (23).

Calcified nodules. Calcified nodules appear as low-density
areas with distinct edges, distinguished from the fuzzy edges
of the fat nucleus (21). Among them, punctate calcification
(calcification angle <90°, length <10 mm) is considered to
be one of the characteristics that affect plaque stability. A
study using OCT to observe the association between punc-
tate calcification and plaque vulnerability suggested that
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Table I'V. Histopathological definition and criteria of vulnerable plaque (10-12). A positive diagnosis was made when one of the

main criteria and at least two of the secondary criteria were met.

A, Main criteria

Histopathological feature

Definition and characterisation

Active inflammation

Plaques with active inflammation frequently have a large number of monocytes,

macrophages and T lymphocytes infiltrated and aggregated

Thin fiber cap and large lipid core

The thickness of the fibrous cap of these plaques is <100 ym and the lipid core

accounts for more than 40% of the total plaque volume

Exfoliation of endothelium with
platelet aggregation

Damaged or cracked plaque
Severe stenosis (>90%)

cellulose deposition

These plaques are characterized by superficial erosion with platelet aggregation or

Most of them are recent ruptures, which may be the cause of subacute thrombosis
The surface shear force at severely narrowed areas has a vital role in the formation of

thrombus and occlusion

B, Secondary criteria

Histopathological feature

Definition and characterisation

Superficial calcified nodules

There are calcified nodules in or near the fiber cap of the plaque. These nodules will

highlight the plaque and cause the plaque to rupture. This may not be related to the
severity of the calcification

Yellow shiny patches

The yellow plaques under angioscopy suggest large lipid cores and thin fibrous caps,

which are easier to rupture, but this indicator lacks sufficient specificity

Bleeding in the plaque
the plaque
Endothelial dysfunction

Red blood cell overflow or iron deposits in the plaque may reflect the instability of

Occurring in a variety of acute and chronic disease states, active inflammation and

oxidative stress in vulnerable plaques are thought to be related to endothelial

dysfunction
Positive remodeling of blood

vessels vulnerable plaque

Studies have indicated that positive vascular remodeling is an important sign of

plaques containing punctate calcifications have more vulner-
able plaque characteristics in patients with coronary heart
disease. The number of punctate calcifications in the plaque
is significantly correlated with the thickness of the fibrous
cap; furthermore, the number of punctate calcifications in
the plaque is also positively correlated with the incidence of
microchannels (24).

Positive vascular remodeling. A study by Vink et al (25)
confirmed that positive remodeling of the vascular lumen is
related to the instability of the plaque; however, due to the low
penetration of OCT, relevant studies are sparse.

Recognition of thrombus. OCT is able to recognize all types of
thrombus and it is more sensitive and specific compared with
IVUS (Fig. 2). OCT may also clearly distinguish between red
and white thrombi in the lesion (21). The red thrombus is a
strong backscatter and appears as a radially shaded area with
a high signal on the surface and low or no signal posteriorly
(Fig. 2D). The white thrombus is a low backscatter, showing a
homogeneous region of high or normal signal with an irregular
shape (Fig. 2E).

3. OCT guides interventional coronary artery treatment

OCT has significant advantages in evaluating acute lesions,
guiding PCI and evaluating the mechanisms underlying treat-
ment failure.

Assessment of borderline lesions. Regarding the diagnostic
threshold of OCT for evaluating the degree of coronary
artery stenosis and the treatment strategy under the corre-
sponding threshold, there is still no consensus. A previous
study compared the diagnostic efficacy of OCT and IVUS
for coronary artery disease with fractional flow reserve
(FFR) =<0.8 (26). The results suggested that, with a minimal
luminal area (MLA) of 1.95 mm? as the cutoff value, OCT
has moderate diagnostic power, with a sensitivity of 82% and
a specificity of 63%. With an MLA of 2.63 mm? as the cutoff
value, the sensitivity decreases to 67% and the specificity
is 65%, and there is no statistically significant difference
between OCT and IVUS in terms of diagnostic performance
[area under the curve (AUC): 0.70, 95% confidence interval
(CI): 0.55-0.83 to AUC: 0.63, 95% CI: 0.47-0.77, P=0.19].
In the subgroup of small blood vessels (reference diameter
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Table V. Advantages and disadvantages of several methods for evaluating vulnerable plaques (14-15).

Modality Advantages Disadvantages

CAG The method of CAG is simple, it requires a short time, The effect of foreshortening leads to underestimation
has fewer complications and high diagnostic value. of the length of the stenosis of the lesion and there are
To a certain extent, the smoothness and stenosis of large errors in the measurement of the vascular structure
the lumen may be observed at the bifurcation and the eccentric plaque, and it is

impossible to clearly determine whether the plaque is
a vulnerable plaque

Angioscopy The surface of the thrombus and plaque may be The size of the device is large. It may only be used to
directly observed and the fibrous cap rupture and observe limited blood vessels and is not able to
thrombosis may be detected. At the same time, the observe the inside of the plaque and the blood vessel
color of the plaque may be observed (white indicates ~ wall. In addition, the blood flow requires to be
mostly a stable plaque and yellow mostly a vulnerable blocked, which may cause remote ischemia
plaque)

IVUS It is able to clearly distinguish the structure of each IVUS may only display image information of plaque
layer of the blood vessel wall, determine the diameter subcomponents and not able to provide any quantitative
of the lumen, plaque volume, load and vascular detection. Only the calcified surface structure may be
remodeling, and may distinguish the properties of observed and the display effect is not optimal
plaque such as lipid core, calcification and fibrous
tissue
With strong penetrating power, it may provide overall The thickness of the fiber cap cannot be accurately
and comprehensive imaging information for plaque ~ determined and the detection of thrombus is not
assessment sufficiently sensitive

OCT It has a high resolution, may accurately evaluate the =~ The penetration ability is weak (1-2 mm) and its

microstructure close to the lumen, particularly in the
unstable components of plaque, such as the thickness
of the fiber cap, macrophage infiltration, lipid plaque

size or plaque rupture. The fibrous cap thickness

measurement is in good agreement with histology

penetration depth is far less than that of IVUS (8-10 mm).
OCT is not able to provide an accurate analysis of the full
picture of the lesion. The lesion area covered by the
thrombus may not be used for an accurate assessment

OCT, optical coherence tomography; CAG, coronary angiography; IVUS, intravascular ultrasound.

<3 mm), OCT provided significant advantages (AUC:
0.77, 95% CI: 0.60-0.89 vs. AUC: 0.63, 95% CI: 0.46-0.78;
P=0.04). However, although OCT has higher diagnostic
power compared with IVUS in this subgroup, its specificity
for evaluating functional stenosis is low.

Furthermore, it is not sufficient to formulate a treatment
strategy solely based on the degree of stenosis or the length of
the lesion (27). The nature of the plaque frequently provides
important information and it is also of far-reaching significance
for guiding clinical treatment. The advantage of OCT lies in
the accurate identification of thrombi, vulnerable plaques and
minor lesions, such as intimal erosions and tears. A number
of coronary angiograms may indicate borderline lesions with
moderate stenosis. OCT examination may uncover the pres-
ence of unstable lesions with a high possibility of acute events.
Therefore, the study of borderline lesions should shift the
focus to screening for high-risk vulnerable plaques and ensure
early intervention to reduce ACS events. The new generation
of OCT integrates the detection function of FFR and obtains
morphological and functional information at the same time.
This achieves the guiding effect of optimizing the treatment of
critical lesions (28,29).

OCT assists in guiding PCI treatment. For patients requiring
PCI treatment, surgeons may use OCT to analyze the compo-
sition and characteristics of the plaque in order to guide the
pre-treatment or pre-dilation of the diseased vessel and to help
the interventionist select the length, size and type of the stent
or balloon.

Selection of the stent diameter. The principle of selecting
the diameter of the stent to guide CAG is that the ratio of the
diameter of the stent to the vessel diameter is 1.1:1. However,
only the size of the stent is selected based on the results of
the angiography and the opinions of different surgeons may
vary. Since OCT may display the exact blood vessel contour
and vascular wall structure, the selection of the diameter of
the stent is more accurate compared with CAG (28). In addi-
tion, OCT may indicate the reference blood vessel diameter
according to the severity and stability of the vascular disease
at both ends of the lesion. The ILUMIEN III study selected
different stent schemes according to whether the media may
be detected in the reference segment of the OCT image (26). If
the media are visible, the minor media layer diameter (usually
the distal end) is measured as the reference value of the stent
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)

0.5 mm

Figure 2. Vulnerable plaques. (A) Thin-cap fibroatheroma: The thinnest fiber cap (40 pm, point B; scale bar, 0.5 mm). (B) The plaque is ruptured, the continuity
of the fiber cap is interrupted (arrow) and a cavity is formed (asterisk); (C) plaque erosion and complete fibrous cap continuity with mural thrombus (arrow);

(D) red thrombus (arrow); (E) white thrombus (arrow; scale bars, 1 mm).

diameter. If the media is not visible, the minimum diameter of
the reference segment automatically measured by the machine
is selected as the reference value of the stent diameter. In the
era of bioabsorbable stents, in theory, it may be more appro-
priate to select the diameter of the stent based on the media
to prevent the thicker surface of the stent rod from protruding
into the lumen and affecting blood flow (30).

Determination of the requirement for stent post-expansion. The
requirement for post-expansion following stent implantation
is mainly determined by the attachment and expansion of the
stent. In principle, the expansion rate of the metal stent should
reach >80% and the expansion rate of the absorbable stent
should reach >90%. Poor stent expansion is closely associated
with stent restenosis and thrombosis in the stent. The ILUMIEN
II study confirmed that OCT and IVUS have comparable effica-
cies in evaluating stent expansion (30,31). If the stent displays
poor expansion, a non-compliant balloon of the same caliber
should be used to apply high pressure and fully expand the
stent. The determination of poor stent adhesion by using OCT
is more sensitive compared with IVUS. In the OCT image,
the ‘expansion rate’ may be used to evaluate stent expansion.
In general, the expansion rate is 90% critical for evaluating the
immediate underexpansion. The ILUMIEN I study determined
that the OCT detection underexpansion ratio may be as high as
41.3% (28). The stent expansion rate is calculated as follows:

minimum stent area
X 100%

Stent expansion rate =
average reference vessel segment area

Selection of the landing point of the support. IVUS and OCT
studies have indicated that, if the stent is placed on an unstable

plaque, it is prone to long-term restenosis or edge dissec-
tion after implantation (30-32). Of note, in theory, the stent
should be placed on the regular blood vessel segment, where
angiography appears normal, OCT and IVUS examinations
still have specific load plaques (even TCFA), so OCT exami-
nations should be used and the selection is relatively stable.
The normal blood vessel segment is used as a reference to
accurately measure the diameter of the blood vessel, which not
only ensures the efficacy of stent implantation but also avoids
excessive damage to the blood vessel wall at the edges of the
stent.

OCT evaluation of the immediate effect of stent PCI. The
optimal stent implantation effect is that the stent adheres to
the wall and expands well. Furthermore, it is not accompanied
by dissection of the stent edge, tissue prolapse or thrombosis
in the stent. OCT may identify a higher rate of complications
after stent implantation, such as stent edge dissection, tissue
prolapse and stent thrombosis.

Stent expansion. In the drug-eluting stent (DES) era, poor
stent expansion is one of the fundamental reasons for in-stent
restenosis and thrombosis. A previous study indicated that,
whether it is a first-generation or second-generation drug
stent, the minimum stent area (MSA) is >5.0 mm? (28). If the
stent does not expand properly, the incidence of thrombosis
in the stent will increase significantly within 1 year (33).
Particularly in cases with left main disease, the MSA goal
is to achieve circumflex branch opening >5.0 mm?, anterior
descending branch opening >6.0 mm?, left main trunk end
>7.0 mm? and left main trunk body >8.0 mm? (33). In general,
calcified lesions and plaques form on a background of heavier
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Figure 3. Evaluation after stent implantation. (A) The stent adheres well to the wall. (B) The stent is obviously poorly attached to the wall (indicated by the
arrow). (C) Prolapse of the plaque (arrow). (D) Thrombus prolapse (arrow). (E) The stent trabeculae are embedded in the inner membrane and covered well
(arrow). (F) Neoatherosclerosis in the stent. Hyperplastic endothelium within the stent is a high signal, followed by significant signal attenuation and blurred
margins, suggesting lipid deposition, but not the formation of a true necrotic core (asterisk).

eccentric fibrous lesions, prone to poor stent expansion.
Therefore, adequate pretreatment should be performed for
such lesions. For instance, eccentric fibrous plaques should
be fully pre-dilated and severely calcified lesions should be
treated with rotational atherectomy or balloon incision (34).
After PCI, poor stent expansion should be actively treated.
Non-compliant balloons may be used to expand the stent by
applying high pressure and OCT should be performed again
after expansion to determine the adequacy of expansion.

Stent malapposition (SM). SM on OCT images means that the
longitudinal distance from the stent trabecular surface to the
lumen surface is greater than the thickness of the stent trabecula
(if there is a polymer on the stent trabecula, it should also be
included in the measurement). When the distance between the
two is >200 pm, this is defined as significant adhesion failure
(Fig. 3A and B). Clinically, if the stent area poorly adhered to
the wall is small and is not accompanied by poor stent expan-
sion, no treatment is required (34). However, in the presence of
SM and poor stent expansion, MSA <5.0 mm? post-expansion
is recommended to ensure adequate stent expansion and
adherence. In a follow-up study of OCT, poorly adhered
stent filaments may also gradually be covered by endothelial
cells and completely fuse with the vessel wall (35). Previous
studies have performed OCT serial detection on 78 blood
vessel segments where the stent wire was poorly attached
immediately after surgery. The 6-month follow-up after the
operation suggested that the volume of poorly adhered stents
immediately after the operation decreased significantly and
75% of the stents that were poorly adhered immediately after

the operation were completely fused with the vessel wall. This
indicates that SM may delay the healing process of damaged
blood vessels. When the distance between the stent wire and
the vessel wall is narrow, the proliferating neointimal tissue
may frequently cover the distance to the poorly adhered stent
wire (35,36).

Dissection of the stent edge and tissue prolapse. Following
stent implantation, damage to the blood vessel wall often
occurs at the edge of the stent. OCT is able to detect 37.8%
of stent edge dissections (37). The edge dissection of the
stent may be divided into intimal tear and media dissection.
Intimal tear refers to the sheet-like lifting of the intima
after stent implantation, without any obvious rupture of the
plaque fibrous cap. Media dissection refers to the intimal
tear extending to the media of the coronary artery, which
may lead to intracoronary hematoma. In general, the
severity of interlayer dissection, the angle at which the
interlayer occurs and the length measured on the vertical
axis images are taken into consideration. Stent edge dissec-
tion is closely associated with in-stent thrombosis and poor
prognosis. Compared with superficial layer dissection, stent
edge dissection involving the deep layer of the coronary
artery wall significantly reduces the survival rate of patients
without clinical events (38).

On OCT imaging, tissue prolapse is defined as tissue
protruding from the lumen between the trabeculae of the
stent after the stent is implanted. Tissue prolapse may be
divided into plaque prolapse (Fig. 3C) and thrombosis
(Fig. 3D). Plaque prolapse usually has a smooth surface
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Table VI. Treatment principles for vascular dissection after stent implantation and the main treatment principles for tissue

prolapse in the stent after stent implantation.

A, Principles of treatment of vascular dissection after stent implantation

Type of vascular dissection

Processing principle

For intimal dissection with no clinical symptoms, no No special treatment

ischemic ECG changes, TIMI blood flow grade II1

For dissection involving the vascular media, even
intra-vascular hematoma or vascular rupture

The severity lies between the above two

Implant the stent immediately

If the edge of the stent dissection is >60°, the length of the dissection is

>3 mm, the distal TIMI blood flow is affected, and the MLA is <5.0 mm?,
the stent should be further implanted to avoid serious clinical
consequences

B, Major treatment principles of tissue prolapse in the stent after stent implantation

Type of tissue prolapse

Processing principle

The amount of tissue prolapse in the stent is small,
the protruding lumen is <200 ym, prolapsed area is
<10% of the area in the stent, the stent expands well
and the TIMI blood flow is grade III

The amount of tissue prolapse in the stent is large,

>10% of the internal area of the stent and the stent is
poorly expanded

The effect of the above two methods is still not
obvious

Should not intervene temporarily, postoperative antiplatelet therapy
should be strengthened

Use of a balloon with the same diameter as the stent for high-pressure
the protruding lumen >200 um, the prolapsed area is expansion

It may be considered to implant a stent in the prolapsed tissue to cover the
prolapsed tissue to increase the effective lumen area

TIMI, thrombolysis in myocardial infarction; MLA, minimal luminal area.

without apparent signal attenuation, while thrombosis
usually has an irregular surface with solid attenuation. The
incidence of tissue prolapse after stent implantation is high.
It was reported that 95% of stents may be detected by OCT
immediately after implantation (30). The occurrence of tissue
prolapse after PCI is associated with the nature of the plaque.
When the stent is located on the TCFA or necrotic nucleus
defined by OCT, tissue prolapse is likely to occur (39).
Irregular tissue prolapse is an independent predictor of
adverse clinical events after PCI (Table VI).

Immediate stent thrombosis. Immediate stent thrombosis
on OCT appears as an irregular mass that protrudes into
the lumen immediately after stent implantation. Although
stent thrombosis is rare, it frequently leads to PCI complica-
tions with severe clinical events. At present, OCT is the only
imaging technique other than angioscopy that may identify
~100% of thrombi. For stent thrombosis detected by OCT,
corresponding treatment measures should be taken according
to the severity, the patient's clinical manifestations and the
hemodynamic impact. First, for immediate stent thrombosis
with low thrombus volume, no clinical symptoms, no isch-
emic ECG changes and no severe hemodynamic disorders,

anticoagulation and dual antiplatelet therapy should be admin-
istered. If the volume of the thrombus in the stent is larger,
the patient has obvious ischemic symptoms and severe
hemodynamic disorders, a suction catheter may be used for
thrombus aspiration to reduce the load of the thrombus in the
stent. If there is no apparent improvement after aspiration,
following intracoronary administration of a dose of tirofiban,
a balloon with the same diameter as the stent should be used
for low-pressure expansion. If the effect of the aforemen-
tioned method is still not sufficient, re-implanting a stent at
the thrombus should be considered. The immediate causes of
thrombosis in the stent (such as poor expansion, immediate
SM and dissection of the stent edge) identified on OCT should
be dealt with accordingly as described above (40).

4. OCT guides complex lesion management

Left main disease. Left main coronary artery lesions refer
to lesions with stenosis of the left main coronary artery by
=50% on CAG. This is one of the common clinically complex
lesions. In recent years, with the advances in technology, left
main bifurcation lesions are no longer considered to be a
contraindication for PCI treatment (Table VII) (27.41).
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Table VII. Several features used in the examination of left main lesions (4,27 41).

A,CAG

Consideration

Comments

Judement of the degree of
stenosis
Diffuse left main disease

Left main ostium imaging

Left main artery

Surgeons have different judgments on the degree of stenosis of coronary angiography and they
frequently underestimate the degree of stenosis of coronary artery disease

When the left main disease is diffuse, it is difficult for angiography to accurately reflect the
diameter of the blood vessel, which affects the choice of stent diameter and ultimately affects
the effect of PCI

During the left main ostium imaging, the contrast agent flows back to the aorta, resulting in
unclear visualization of the coronary ostium

When the left main artery emerges from the aorta with an acute angle or the left main body is

emergence curved, the severe stenosis is easily missed by coronary angiography

Coronary angiography Coronary angiography is not able to provide any detailed information on plaque composition
and immediate effects after PCI

B,IVUS

Consideration Comments

Preoperative IVUS Preoperative IVUS examination may confirm stenosis of the left main lesion, the length of the

examination lesion and the characteristics of the plaque

Intraoperative IVUS Intraoperative IVUS may determine the position and accuracy of the reset side guidewire,
exclude the guidewire from passing outside the stent and avoid serious deformation of the stent

Postoperative IVUS Postoperative IVUS examination may clarify the immediate effect of the stent and postoperative

IVUS in combination with
FFR

complications, and reduce the occurrence of postoperative cardiovascular adverse events
IVUS combined with FFR may guide the choice of treatment strategies for borderline left main
lesions

C,OCT

Consideration

Comments

OCT scanning speed

Accuracy of area and
diameter measurement
OCT evaluation of effects
and OCT sensitivity
ILUMIEN™ OPTIS™
system real-time
three-dimensional imaging

ILUMIEN™ OPTIS™
system integration of FFR

OCT transmission depth

The scanning speed of the left main disease is faster (25 mm/sec), which may reduce the inter
ference of the cardiac cycle on coronary artery imaging

Measurement of the smallest lumen area and diameter and the evaluation of the composition are
more accurate (4)

OCT may clearly evaluate the immediate effects, vascular wall damage and complications after
PCI, and is more sensitive than IVUS

The ILUMIEN™ OPTIS™ system may perform real-time three-dimensional imaging of the left
main lesion, which may finely determine the extent, length, stenosis and reference blood vessel
diameter of the lesion, and it is convenient for the surgeon to observe and analyze the blood
vessel from multiple angles to make a correct assessment

The ILUMIEN™ OPTIS™ system integrates the FFR function, so that it has both morphological
and functional evaluation functions, so as to more comprehensively evaluate the coronary artery
function

OCT transmission depth is small and the remodeling changes of the blood vessels and the
surrounding conditions of the blood vessels cannot be evaluated. This is the drawback in guiding
PCI treatment of the left main disease

OCT, optical coherence tomography; CAG, coronary angiography; IVUS, intravascular ultrasound; FFR, fractional flow reserve; PCI, percu-

taneous coronary intervention.

Bifurcation lesions. A bifurcation lesion of the coronary artery
refers to a >50% stenosis of the opening of the main vessel and

branch vessel. This is a complex type of lesion with a high
failure rate of coronary stent implantation (42). Atherosclerosis
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readily develops at the bifurcation of the blood vessels due to
the high shear stress of blood flow.

Preoperative OCT examination may accurately measure
the stenosis of the main branch and branch opening, the length
of the lesion and the distribution and the nature of the plaque,
and it may help the surgeon select the appropriate interven-
tional device and branch stent treatment strategy. It should
be determined whether single-stent or multi-stent technology
may be used or whether branch vessels require to be protected.
OCT indicates that, for the proximal wall of the branch in
which TCFA frequently occurs, the double-stent technology
(such as crush T-stenting) is required. The multi-layer stent
trabecular attachment site may easily lead to poor stent adhe-
sion, uneven drug distribution and vulnerable plaques. Rupture
of the stent may lead to embolism of the distal branch and
the occurrence of the ‘no-flow’ phenomenon (43). In terms of
imaging, it may prevent the implantation of the stent on the
TCFA. OCT may be used to guide the branch guidewire to
enter the branch from the middle or distal mesh to achieve a
satisfactory balloon anastomosis and expansion of the stent to
adhere to the vascular wall.

OCT examination after surgery may be performed to
observe the adhesion and endothelialization of the stent at
the bifurcation, thereby reducing the occurrence of throm-
bosis in the stent. In addition, the real-time 3D imaging
function of the ILUMIEN™ OPTIS™ OCT system may
also reveal the spatial distribution and structure of blood
vessels, analyze the blood vessels at all angles freely in
space and guide the re-entry of the guidewire (44). It was
reported that 3D-OCT-guided stent implantation for bifur-
cation lesions is feasible and may reduce the occurrence of
stent malapposition (45). Therefore, this application should
be considered as a guidance in the clinical treatment of
bifurcation lesions.

Chronic occlusive disease. In recent years, with the develop-
ment of interventional devices, considerable progress has been
made in the treatment of chronic total occlusion (CTO), but
the success rate of CTO intervention remains relatively low
and faces several challenges (46). In this complex disease, the
information provided by OCT may affect successful comple-
tion of the operation.

There have been reports of in vitro experiments using the
forward-looking OCT system to perform multi-axis imaging
of occluded blood vessels to construct cross-sectional
images of the affected vessels (47). OCT is able to distin-
guish between different levels of the occluded lumen and
vessel wall, and it is possible to identify microchannels.
This information may be used to guide the wire through the
lesion. Once the guidewire has passed through the occluded
segment, OCT may detect the plaque component that caused
the occlusion.

In addition, an OCT study indicated that the intimal
repair of CTO lesions is delayed after stent implantation;
thus, OCT may help determine the time limit of dual
antiplatelet therapy following stent implantation in CTO
lesions (48). It should be pointed out that the currently
available evidence on OCT as a method for guiding the
treatment of CTO lesions is insufficient and further research
is required.

Calcified lesions. When severe annular calcification is detected
on OCT, direct implantation of stents should be avoided and
pre-dilation or experimental expansion strategies should be
considered first (49). Balloon cutting or coronary atherectomy
may be used in short calcification rings. It should be noted
that there is currently no clear cutoff value (calcification angle,
length or thickness) that may be used as an indication for
balloon incision or coronary atherectomy (50).

Calcified lesions limit the expansion of blood vessels and
balloons; therefore, calcified lesions frequently lead to poor
stent expansion (49). OCT may accurately assess the expan-
sion of the stent, thereby guiding the selection of a suitable
post-expansion balloon. It was indicated that the calcification
angle and calcification area measured by OCT are negatively
correlated with the MSA and the minimal stent diameter after
DES expansion (49).

5. Application of OCT in the post-stent implantation fol-
low-up

OCT has significant advantages in assessing the repair of
blood vessels after stenting and the mechanisms underlying
treatment failure.

OCT assessment of intimal coverage. The thickness of the
stent intima measured by OCT has been indicated to be highly
correlated with the thickness of the tissue (r=0.85, P<0.01),
with excellent repeatability of the thickness measurement
between individuals or the same intima (51). OCT has a sensi-
tivity of 80% and a specificity of 95% for detecting incomplete
stent intimal coverage. For stent neointima (Fig. 3E) with a
thickness of >100 xm, it may be divided into three categories
according to OCT image characteristics: The first is character-
ized by homogeneity, high reflection and a relatively uniform
signal, with no local attenuation signal. The second involves
layered, centripetal, double-layer or multi-layer optical signals,
the near lumen side usually has high-reflection signals and
the far cavity side usually has low-reflection signals Finally,
the third category is characterized by heterogeneity, with
low reflection and an uneven signal, with local solid signal
attenuation.

With the advancement of technology, OCT study hasde-
termined that the second-generation everolimus-eluting stent
(EES) achieves significantly faster intimal repair compared
with the first-generation sirolimus-eluting stent (SES) and the
surface endothelialization is relatively complete (52). This
discovery has prompted several scholars to consider that the
existing dual-antiplatelet therapy strategy may be changed.
It is recommended that the current dual-antiplatelet therapy
is shortened to 9 months and certain scholars even proposed
to shorten it to 6 months (53). It was also reported that, in
patients with EES implantation, the 6-month dual-antibody
treatment is not inferior to the 12-month treatment plan (54).
The application of OCT to evaluate direct intimal coverage
appears to be highly promising for guiding the clinical
standards for dual-antibody treatment after stenting. To date,
certain scholars have proposed using OCT to guide indi-
vidualized dual-antibody therapy and examined whether it
is possible to use OCT to evaluate the trabecular coverage of
the stent to adopt an individualized antiplatelet therapy plan,
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and whether the characteristics of intimal tissue observed on
OCT may be used in individualized dual anti-platelet therapy
and basic anti-atherosclerosis treatment programs (51).
However, due to the lack of a specific evaluation model and
a unified evaluation plan, these are issues worthy of further
consideration. Since the incidence of in-stent thrombosis is
inherently low, a large sample size is required by further
clinical studies to confirm the advantages of OCT in guiding
antiplatelet therapy, which is associated with major practical
difficulties. However, with the increase in follow-up data of
OCT stents, real-world registration studies may help solve
this problem and even change the existing guidelines on the
recommended duration of dual-antibody application after
stenting.

In terms of identifying the potential clinical risks and
intervention factors of the neointima, OCT is a powerful tool
that has achieved significant research results. Kubo et al (55)
reported that intimal stent coverage was significantly delayed
in patients with UAP. Kochman ez al (56) used OCT to follow
up the DESs and bare metal stents (BMSs) of diabetic patients
for 2 years and observed that the intima remained uncovered
2 years after the DES was implanted. Furthermore, the intimal
coverage of the stent is unrelated to whether the patient has
diabetes. A Japanese clinical study on OCT indicated that
atorvastatin treatment may affect the migration of endothelial
progenitor cells (EPCs), thereby accelerating the repair and
endothelialization of the endothelium after SES implantation.
In addition, different statin drugs may affect EPC migra-
tion (57). There are apparent differences in the promotion effect
of membrane repair. These studies have provided research
directions and intervention targets for promoting stent intimal
healing and reducing long-term stent-related clinical problems
from the perspective of OCT.

OCT assessment of neoatherosclerosis. It was initially
suggested that, at 6-12 months after BMS implantation,
neointimal hyperplasia caused lumen stenosis. As the tissue
matures, the lumen area tends to stabilize or even improve (58).
However, an increasing number of studies have confirmed
that the stable fibrotic endometrial tissue in these stents may
gradually develop into unstable atheromatous plaque tissues,
leading to late stent failure (58-60). Complex atherosclerosis
that occurs in the neointimal tissue after stent implantation is
defined as neoatherosclerosis (Fig. 3F). Regarding the phenom-
enon of neoatherosclerosis plaques in stents, the underlying
mechanisms and clinical intervention methods remain to be
explored, which is an important direction for future basic and
clinical research.

OCT may serve an important role in the mechanism and
intervention of neoatherosclerosis. The neoatherosclerosis
in DES is likely associated with severe local inflammation
in the early stage after stent implantation. Furthermore,
neoatherosclerosis is mainly distributed around the
trabeculae. The occurrence of plaque in a bare stent is gradu-
ally formed after the stent intima proliferates to a certain
thickness. The new plaque is at a certain distance from the
trabecula of the stent, which is similar to the occurrence of
coronary plaque in situ. An OCT study demonstrated that
the progression of neointimal atherosclerosis after stent
implantation is associated with the progression of an in situ

plaque in the autologous coronary artery (60). This result
is expected, as the new plaque has the same risk as the
in situ plaque. In addition, similar to in situ plaques, new
blood vessels have an essential role in the occurrence and
development of new plaques in stents, particularly in diabetic
patients (61,62). An OCT study determined through multiple
regression analysis that low-density lipoprotein-cholesterol
levels >70 mg/dl, smoking and chronic kidney disease are
risk factors that promote the occurrence of new plaques.
By contrast, angiotensin-converting enzyme inhibitors are
effective defense pathways that prevent the occurrence of
new plaques (63). Therefore, this type of drug may inhibit
the formation of neoatherosclerosis plaques to a certain
extent. Traditional cardiovascular risk factors, such as sex,
hypertension, diabetes and hyperlipidemia, cannot predict
the occurrence of neoatherosclerosis plaques following stent
implantation (64); this demonstrates that, although the histo-
logical and imaging characteristics of neoatherosclerotic
plaques and primary atherosclerosis are similar, there may
be marked differences in the underlying mechanisms. With
the advancement of evaluation methods, early screening of
neoatherosclerosis plaques and active control of related risk
factors may help improve the long-term prognosis after PCI.

OCT determines the cause of stent failure. The main reasons
for stent failure are in-stent restenosis (ISR), intra-stent throm-
bosis, SM and stent fracture (SF). However, it is challenging to
discover the pathological mechanisms leading to the failure of
stent implantation by angiography alone. The use of OCT to
follow up patients with late stent implantation failure may help
elucidate their types and underlying mechanisms, which is
conducive to the improvement of stent design and the optimi-
zation of surgical procedures, thereby preventing stent failure
caused by various mechanisms.

ISR. ISR may be divided into imaging and clinical restenosis.
Following stent implantation, the former refers to the CAG
performed to confirm that the stent implantation segment
loses =50% of the lumen. On OCT images, ISR means that the
area in the neointima of the stent exceeds 50% of the area of
the stent. OCT may quantitatively measure ISR at the lesion
level, mainly by measuring the thickness of the neointima, the
area of the neointima, the calculated volume of the neointima
and the volume of neointimal hyperplasia obstruction rate (the
ratio of the average neointimal volume to the average stent
volume) to assess the degree of ISR.

Previous studyreported that coronary artery balloon
dilatation, paclitaxel drug-coated balloon or DES implanta-
tion may be performed for ISR (65). During a follow-up over
~200 days, the histological characteristics of the stent intima
detected by OCT were indicated to be associated with the
reappearance of ISR and the prognosis of restenosis with
different tissue characteristics was significantly different
with different treatment methods. It is suggested that the
causes of restenosis of clinical stents are different (intimal
hyperplasia, atherosclerosis and stent thrombosis) and the
treatment methods for restenosis should also be different.
Therefore, OCT examination may help analyze the causes
of ISR and the degree of stenosis and help guide treatment
planning.
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Stent thrombosis. The detection sensitivity of OCT for stent
thrombosis is higher compared with that of CAG and IVUS.
OCT may identify thrombi and distinguish between red and
white thrombi by the thrombus components, which is of signif-
icant reference value for assessing the composition of acute
stent thrombosis. OCT may detect small thrombi attached
between the stent wires that have not adhered to the wall and
provide accurate measurement of the size and length of the
stent and the luminal area of the blood vessel. In addition,
OCT has a specific guiding effect on the dosage and course of
clinical antithrombotic drugs (66).

Guagliumi et al (67) studied 18 patients with advanced
stent thrombosis in DES. All patients underwent thrombus
aspiration prior to OCT and IVUS examinations. It was
determined that the non-filament coverage rate in the stent
thrombosisgroup was 12.27%, which was significantly higher
compared with the 4.14% in the control group. The results
of IVUS demonstrated that the stent expansion degree of the
two groups was similar but the positive vascular remodeling
was more significant in the advanced stent thrombosis group.
Multivariate analysis suggested that the uncovered segment
length of the stent wire determined by OCT and the IVUS
remodeling index were independent predictors of advanced
stent thrombosis (67).

Late SM (LSM). SM refers to the apparent separation of the
stent trabeculae from the vessel wall and may be divided
into early and late SM. A previous study demonstrated that
LSM may cause stent thrombosis. Compared with the control
group, the incidence of SM in patients with very advanced
thrombosis (77 vs. 12%, respectively; P<0.001) and the area
of SM (77 vs. 12%, respectively; P<0.001) were significantly
increased (68). A total of 20 cases of late and very late stent
thrombosis were examined through OCT, indicating that
11 cases (55%) had SM, of which 5 cases had LSM caused by
abnormal positive remodeling of the vessel wall (68). However,
the incidence of LSM is notably higher than the incidence of
late stent thrombosis, indicating that, although LSM may not
be the sole cause of stent thrombosis, it may be one of the
critical factors contributing to the formation of stent throm-
bosis.

OCT carries unique advantages in assessing postoperative
SM. The high resolution of OCT may detect SM not detected
by IVUS. As IVUS cannot detect this type of SM, there is no
corresponding balloon expansion. However, the ratio of SM
detected by OCT is relatively high (69). When compared with
IVUS, is it unclear whether the higher number of SMs detected
by OCT require balloon expansion, whether these SMs may
self-repair and what is their prognosis. These questions must
be addressed through further clinical research.

SF. The incidence of SF is low. However, with the increase in
the number of stent implantations, an increasing number of SF
cases are being reported, particularly in cases of DES implan-
tation (70). In the past, OCT machines lacked 3D imaging
tools and OCT cross-sectional images were not associated
with obvious advantages in SF. The emergence of OCT 3D
real-time reconstruction systems enables the use of OCT to
study the occurrence of SF and its clinical significance (30,71).
3D OCT may help diagnose SF and determine the effect of

SF on local endometrial repair and local external stent plaque.
Through OCT, it is also possible to identify the factors that are
likely to cause SF.

While, SF may cause local mechanical vascular irrita-
tion, leading to inflammation and neointimal hyperplasia, the
fracture destroys the local stent structure, causing thrombosis
and blood flow blockage and affecting the blood supply to
the heart. Stent trabecular fracture may also represent a
potential mechanism underlying ISR and stent thrombosis.
The incidence of SF in EES has been reported to be 1.7%.
The 9-month follow-up indicated that SF was associated with
revascularization of the target lesion caused by the event
(18.7 vs. 2.3%) (72). The incidence of fracture after implanta-
tion of the noboribiolimus-eluting stent reached 4.1%, which is
also associated with the revascularization of the target lesion
induced by ischemic events (73).

6. Factors and common problems affecting OCT imaging
results

OCT imaging results rely on standards and correct
operational techniques. In order to optimize the quality of
OCT images, the operator requires certain techniques to guide
catheter operations. Several factors affect the results of OCT
imaging, including excessive branch blood vessels, excessive
lumen width, excessive vascular bending, severe stenosis of
the lumen, the effect of cardiac cycle motion on the image and
factors related to intraoperative procedures. During the opera-
tion, attention should be paid to the coaxiality of the guide
tube and the target vessel, the use of a contrast agent bolus,
the synchronization of image acquisition and the avoidance of
red blood cells or air bubbles in the imaging catheter or in the
bolus contrast agent.

Branch vessel. When encountering a relatively large branch
vessel, it may affect the measurement accuracy and image
recognition. At this time, it is necessary to omit the branch
vessel segment and select a normal lumen to start a new
measurement (Fig. 4A).

Bubble artifacts. The formation of small bubbles in the sili-
cone lubricant between the sheath and the optical fiber may
attenuate the blood vessel wall signal in the corresponding
area. This type of image is not suitable for the analysis of
tissue characteristics (Fig. 4B).

Saturation artifacts. The high specular reflection of the beam
(usually the stent trabeculae) produces an amplified signal,
which appears as axial linear stripes on the image (Fig. 4C).

Incomplete image. If the image area is <3/4 of the normal
area, it is difficult to ensure the accuracy of the measurement
data. In such cases, this frame or segment of the image may be
omitted from the analysis (Fig. 4D).

Unwashed blood. When the blood in the lumen is not washed
out during imaging, the red blood cells defocus the light beam
and weaken the brightness of the vessel wall, creating an arti-
fact. Furthermore, residual blood must be distinguished from
a thrombus (Fig. 4E).
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Figure 4. Factors affecting OCT imaging results. (A) Branch vessel (asterisk). (B) Bubble artifacts (arrow). (C) Saturation artifacts (arrow; scale bar, 1 mm).
(D) Incomplete image (scale bar, 2 mm). (E) Blood that was not washed away. (F) The guidewire is damaged. (G) Staggered layer artifacts. (H) The incorrect
measurement method was used at the fault level. (I) The correct measurement method was used at the staggering level (scale bar, | mm). The A in G-I indicates

the staggering layer. The green line indicates the measured lumen profile.

Guidewire damage. When the guidewire is damaged, abnormal
images may be obtained. Fig. 4F presents images occurring
when the two guidewires are damaged.

Splitting artifacts. In one frame of imaging, the artery or the
guidewire is quicker than the other, causing the signal points of the
lumen boundary to be out of sync, resulting in layering artifacts.
This must be distinguished from intimal tears (Fig. 4G and H).

7. Application prospects of OCT in the field of cardiovas-
cular interventional diagnosis and treatment

With the continuous improvement of OCT, it is expected to
have an important role in the examination of coronary intra-
vascular lesions, the optimization of PCI strategies and the
development of novel stents. The expected future development
directions and advantages of OCT are listed below (29,74-78).

i) The currently used frequency domain-OCT retracement
speed is up to 40 mm/sec, 158 frames of images/sec, and the
A-line frequency is 81 kHz. This causes 2-3 heartbeats to be
affected every 50 mm of retracement, resulting in blurred 3D
imaging edges. If the withdrawal speed was to be accelerated
to >100 mm/sec, >3,000 frames of images/sec and A-line

frequency >1.5 MHz, and combined with catheter positioning
and tracking technology, the 3D imaging would be clearer
and more accurate, and the clinical guidance value would be
significantly improved. The bolus of the contrast agent should
also be markedly reduced.

ii) Micro-resolution OCT (micro-OCT) has a resolution
of up to 1 ym, which may analyze the microstructure of the
atherosclerotic plaque, plaque rupture, thrombus, neointima and
other tissues, at the cellular or subcellular level. The cellular
components of the plaque may provide a novel imaging method.
Once micro-OCT is used in human research, it may dynami-
cally observe certain cellular components and the stability
and correlation of atherosclerotic plaques or determine which
cellular components (such as endothelial cells, macrophages and
smooth muscle cells) are able to affect the intima of the stent.
These future applications of OCT may lead to breakthroughs in
the current understanding of the development of atherosclerosis
and stent intimal coverage, and may change existing views and
provide novel therapeutic intervention targets.

iii) Combining two or more imaging technologies may
be used to make up for the deficiencies of a single imaging
method. OCT-IVUS: Integrating OCT and IVUS on one
imaging catheter not only takes advantage of the high resolu-
tion of OCT, but also penetrates through the IVUS catheter,
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and the depth is markedly increased. OCT-NIRS: NIRS may
perform an accurate and real-time in vivo assessment of lipid
core plaques. Combining NIRS technology with OCT and
applying them to intracoronary imaging may not only uncover
the morphological characteristics of the plaques but may also
identify the chemical composition of the plaque.

iv) Real-time integration of structural and functional
imaging information, such as OCT-FFR institutional functional
testing technology, may provide more accurate assessment
and guidance of treatment strategies for critical lesions, while
improving the current status of excessive implantation of stents
in the clinical setting.

v) Combining OCT and fluorescent molecular labeling
technology may provide information on inflammation and
endothelial function in the plaque, which is conducive to the
in-depth study of the pathophysiological processes of the
atherosclerotic plaque and the processes involved in stent
repair.

vi) More large-sample OCT prospective clinical studies
are required to change or improve existing interventional treat-
ment strategies in certain controversial areas. Accumulating
the clinical data of OCT in determining the characteristics of
lesions and guiding precision interventional treatment may
promote the priority recommendation level of OCT in guide-
lines for the diagnosis and treatment or revascularization in
coronary heart disease.

8. Summary

OCT is a high-resolution intravascular imaging method for
evaluating the composition of the coronary arterial wall and the
stability of the atherosclerotic plaque, optimizing the efficacy
of stent implantation, and evaluating the long-term effective-
ness and safety of the stent. Currently, the interventional
diagnosis and treatment of coronary heart disease require
better interventional results for patients, as well as individual-
ized and customized optimal strategies. With the innovation
and progress of OCT technology, clinical research evidence
is markedly more sufficient and interventional physicians
have mastered the OCT operating system. It is thought that
the application of this modality in clinical and basic research
of coronary artery atherosclerosis, the selection of treatment
strategies for acute coronary syndromes, the optimization of
interventional treatment effects, the evaluation of the effect
of novel stents, the stent intima coverage and the selection
of double antibodies, have become increasingly extensive.
Furthermore, to a certain extent, OCT may change or affect
the currently applied coronary interventional treatment strate-
gies (4,5,79).
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