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Coronary angioscopy: current topics and future direction
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Abstract Disruption of vulnerable plaque and following

thrombus formation are considered the main cause of acute

coronary syndrome (ACS). Intracoronary angioscopy is an

endoscopic technology that allows direct visualization of

the coronary artery lumen and provides detailed informa-

tion regarding plaque morphology in patients with coro-

nary artery disease. The color and morphology of coronary

plaque under angioscopy observation are proposed to be

determinants for plaque stability. Angioscopically yellow

plaque represents a thin-cap fibroatheroma, and is associ-

ated with a higher incidence of disruption and thrombus

formation, and may be associated with future acute coro-

nary syndromes. To circumvent the subjectivity of color

interpretation, various quantitative methods have been

proposed for identifying vulnerable plaques. Superior to

other coronary imaging techniques such as VH IVUS and

optical coherence tomography, angioscopy has impres-

sively high sensitivity and specificity in detection of

intraluminal thrombus. Angioscopy can also be used as an

adjunctive technique during catheter intervention by

directly visualizing the thrombus, stent struts and prolif-

erating neointima. The time course and pattern of neoin-

tima coverage, as seen by angioscopy, various among

different stent systems. Angioscopic assessment of serial

changes after stent implantation may have potential bene-

fits on patient’s management after coronary stenting.
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Introduction

Angiography has been used for many years as the ‘‘gold

standard’’ to evaluate coronary atherosclerotic lesions and

results of interventional therapy. However, angiography

can only provide a two-dimensional silhouette of the

lumen and cannot thoroughly display the complex nature

of endothelial dysfunction, vulnerable plaque disruption

and thrombosis formation leading to dissociation between

the angiogram and clinical outcomes [1]. It has been

recognized that almost two-thirds of acute coronary events

occur in angiographically noncritical lesions [2]. Identifi-

cation of vulnerable plaques and arterial wall pathology

are, therefore, essential, to enable the development of

treatment modalities for coronary artery diseases. Various

invasive and non-invasive diagnostic tools aimed at these

purposes include angioscopy, intravascular ultrasound,

spectroscopy, thermography, optical coherence tomogra-

phy, computed tomographyand magnetic resonance

imaging. Among these modalities, coronary angioscopy

allows direct visualization of the internal surface of a

vessel, providing the detailed information regarding

characteristics of the plaque and thrombus. This technique

provides insight into the underlying pathophysiology of

acute coronary syndrome and information regarding the

pathologic changes after coronary intervention. In Japan,

angioscopy is an officially approved diagnostic method

during angioplasty, and is now supported by the national

health insurance. In the current review article, update on

the technique and clinical application of coronary angi-

oscopy are discussed.
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Performance of angioscopy

Modern angioscopy started back in 1913 by Rhea and

Walker with attempts to evaluate cardiac disorders endo-

scopically. With the marked improvements in this tech-

nique, especially in the decreased diameter of the optical

equipment and increased fiber count, in 1983, percutaneous

coronary angioscopy was first performed during cardiac

catheterization using the Olympus fiberscope� which

allowed visualization of right coronary artery [3]. In 1989,

the over-the-guidewire type of angioscopy was developed.

In this system, a specially made balloon, fixed at the distal

tip, was mounted on the angioscopic catheter [4]. Another

important improvement occurred in 1991 with the devel-

opment of the coronary ‘‘Image Cath�’’ system (Baxter

Healthcare Corporation, USA).

Modern angioscopic imaging system is made up of xenon

lamplight source, imaging fibers, charge-coupled-device

(CCD), color camera, monitor and a videotape recorder. An

angioscope catheter is usually composed of a fiber-optic

bundle of 3000 pixels, and is guided within the coronary

artery over a conventional 0.014-inch angioplasty guidewire.

A principal advantage of angioscopy is that it allows

visualization of the surface morphology characteristics of

the coronary arterial wall in living patients with high res-

olutions (10–50 lm). Intracoronary angioscopy can also

offer a direct visualization of the intra-luminal structures

like thrombus with the sensitivity higher than angiography

[5]. Studies indicated that yellow plaques under angioscopic

observation seem to have an increased instability and acute

coronary syndromes occur more frequently in patients with

yellow plaques [6, 7]. These features have been responsible

for a considerable expansion of coronary angioscopy in

clinical settings. Figure 1 shows the classification of coro-

nary surface changes observed by angioscopy.

Comparison between angioscopy and pathology

Angioscopy enables us a direct visualization and accord-

ingly macroscopic pathological evaluation of plaque sur-

face and intra-luminal structures like tears and thrombi. It

allows pathological diagnosis of coronary artery disease

from inside. With its three-dimensional imaging ability and

capability of color discrimination, the angioscopic findings

had a high degree of agreement with histologic observa-

tions in characterizing normal artery, stable plaque, dis-

rupted plaque, and thrombus.

Atherosclerotic plaque

Atherosclerosis is a progressive and chronic disease that

affects the arterial vessel wall. Changes of the luminal

surface and patency may ultimately lead to dire conse-

quences. Some of these changes can be explored with

angioscopy and contribute to the understanding of the

mechanisms underlying acute coronary syndromes.

(Fig. 2).

The normal artery appears angioscopically smooth in

contour, without any protruding structure, and has a uni-

form glistening white. Whereas atherosclerotic plaque

(atheroma) can be categorized on the basis of its angio-

scopic characteristics as yellow or white, lining or pro-

truding and continuous with the normal vessel wall.

Although coronary angioscopy has provided a unique

insight into coronary artery disease, the inherent qualitative

nature of angioscopic data has limited its application.

Chromatic distortions and the subjectivity of human color

perception substantially limit the theoretical potential of

angioscopic color. Methods of image quantification, such

as quantitative colorimetric analysis, has been developed to

overcome the limitations inherent in angioscopic data and

provide objective, reproducible analysis of angioscopic

images [8–10]. In addition, the latest in vitro studies indi-

cate that by using color fluorescent angioscopy (CFA), the

yellow coronary plaques observed by conventional angi-

oscopy can be further classified into green, white-to-light

blue, and yellow-to-orange plaque according to their

component, such as collagen subtypes, oxidized LDL,

macrophage foam cells and calcium, thus provide much

more objective information to identify vulnerable plaque

[11].

Vulnerable plaque

‘‘Vulnerable plaque’’ refers to a subgroup of plaques that

are prone to rupture [12].

Numerous reviewers have described that vulnerable

plaques have a thin, fibrous cap; a large, lipid-rich pool;

and increased inflammatory activity [13, 14]. Rupture of

Fig. 1 Classification of coronary angioscopic finding. Plaque is

classified in yellow and white according to the color, smooth or

complex according to the shape. Thrombus is classified into red and

white according to the color, and mural or transluminal according to

their shapes
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vulnerable plaques is the main cause of acute coronary

syndrome. Identification of vulnerable plaque is, therefore,

essential to enable the development of diagnosis, treatment,

and prevention of ischemic coronary disease. Among all

the invasive diagnostic modalities, angioscopy is the only

method that can observe the luminal surface of plaque by

detecting the yellow color intensity of plaque. Histopath-

ologic analysis of specimens of coronary lesions from

patients receiving directional coronary atherectomy treat-

ment demonstrate high concentrations of lipid component

seen through a thin, fibrous cap in angioscopically yellow

plaque [15]. A comparative autopsy study also suggests

that yellow plaque had a thinner fibrous cap (58 ± 18 lm

vs. 648 ± 356 lm p \ 0.0001) and a lager lipid core

compared to the white plaque [16]. By injecting lipid into

bovine aorta at different depths, in vitro histologic studies

further demonstrate the intensity of yellow color, as

observed with angioscopy, inversely correlated with the

fibrous cap thickness [17]. Yellow plaques with a higher

color grade also have a higher prevalence of adherent

thrombus [18] and positive remodeling [7]. Acute coronary

syndromes occurred more frequently in patients with yel-

low plaque than in those with white plaques [19]. However,

yellow plaque has also been demonstrated in patients of

asymptomatic stable angina by angioscopy [20]. The glis-

tening yellow plaques seen during angioscopy are associ-

ated with higher prevalence of future acute coronary

syndromes comparing with non-glistening yellow plaques

[6] and the number of yellow plaque was also associated

with higher prevalence of cardiovascular events [21]. In

AMI, patients who have had percutaneous coronary inter-

vention, angioscopic thick yellow plaque is associated with

long-term favorable prognosis [22].

Plaque erosion without lipid core rupture can also be

detected under angioscopy examination. Smaller infarct

size were demonstrated in the plaque erosion group than in

the plaque rupture group of patients with acute myocardial

infarction [23]. Moreover, slow-flow phenomenon, abrupt

closure after POBA and embolic substances collected by

distal protection device are more often observed in patients

with ruptured plaque lesions than those with eroded plaque

[24].

Thrombus

Angioscopic thrombi are defined as a red, white or mixed

red and white mass, adhering to the intima and/or pro-

truding into the lumen. An angioscopic study including 31

patients has reported the significantly higher prevalence of

reddish thrombi in patients with acute myocardial infarc-

tion, on the other hand grayish-white thrombi were

observed in patients with unstable angina and NSTEMI

[25]. The color differences observed by angioscopy may

reflect the variations in thrombus composition. At the early

stage of the formation, the thrombus is platelet rich and

appearing with a white cotton-like surface under angio-

scopic observation [26]. With lapse of time, the thrombus

color changes to red angioscopically because of the abun-

dance of fibrin mixed with erythrocytes. Finally, the color

of the thrombus shifts progressively toward a smooth,

white color as organization progresses (Fig. 2). The color

differences of thrombus may be observed via angioscopy

among patients with varying acute coronary syndromes.

This pathological presentation may explain why the

thrombolysis treatment using tPA is less effective in

patients with unstable angina or NSTEMI27.

Fig. 2 Thrombus formation (´

ˆ) secondary to the rupture of

vulnerable plaque (yellow

plaque � `) plays a major role

in acute coronary syndrome.

Healing of vulnerable plaque or

organization of thrombus (˜)

increases stenotic severity
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Angioscopy versus VH IVUS and OCT

VH IVUS uses advanced spectral analysis of ultrasound

signals to provide a more detailed analysis of plaque

composition. Thin cap fibroatheroma (TCFA) is considered

to be vulnerable plaque and is frequently found in patients

who died from ACS. Both modalities, IVUS-VH and

angioscopy, can be used complementarily in TCFA eval-

uation. In a comparative study betweenVH IVUS and

angioscopy, when angioscopic-TCFA intense yellow

plaque was used as the gold standard, the sensitivity,

specificity, positive predictive value, negative predictive

value, and accuracy for VH-TCFA was 68, 81, 74, 76, and

75%, respectively [27]. The amount of necrotic core

detected by VH IVUS also correlates with the plaque color

detected by angioscopy. Mean percentage of necrotic core

analyzed by VH IVUS is significantly larger in angio-

scopically yellow plaque than in white plaque [28]. How-

ever VHIVUS has limitations in assessment of intramural

thrombus. The current classification tree for VH IVUS

analysis cannot differentiate the presence of intramural

thrombus due to difficulties in differentiating the borderline

between intramural thrombus and fibrous plaque. By using

histologic findings as reference, angioscopy had an excel-

lent sensitivity for thrombus (100%) [29], whereas VH

IVUS falsely identify the intramural thrombus as fibrous or

fibrofatty [30].

With its extremely high spatial resolution, optical

coherence tomography (OCT) provides accurate tissue

characterization in vivo and has the capability to charac-

terize the component of plaque with the sensitivity and

specificity of 92 and 94% respectively [31]. In comparative

studies, angioscopic color intensity is correlated with the

fibrous cap thickness estimated by optical coherence

tomography. Yellow plaques of higher color grade might

have a thinner fibrous cap, and 80% of intensive yellow

plaque was TCFA [32, 33]. Figure 3 shows the inverse

relationship between color grade by angioscopy and the

fibrous cap thickness by OCT. In a study of postmortem

human arterial segments, the sensitivity of angioscopy was

74% for plaque rupture detection (specificity and positive

predictive value were over 90%) and 100% for thrombus

detection, revealing that angioscopy may have underesti-

mated the presence of plaque rupture [28]. Previous

investigation of patients with acute coronary syndrome

demonstrated that in comparison with angioscopy, OCT

showed a similar frequency for the detection of thrombus

and a higher frequency for the detection of plaque rupture

[34]. Current limitation of OCT as well as angioscopy is

the need to displace blood in the imaging zone. But with

the introduction of new technology, the next generation of

OCT will reach faster pullback speeds and no need the use

of balloon occlusion.

In comparison with IVUS-VH and OCT, angioscopy has

the superior ability to provide full color, real time, three

dimensional, and direct visualization of coronary lumen

and plaque surface. In particular, vulnerable plaque can be

identified as yellow plaque under angioscopy feasibly and

simpler than the complex imaging acquisition procedures

of IVUS-VH and OCT. Furthermore, angioscopy may be

the most powerful technique to detect thrombus formation

than any other coronary imaging modalities.

Fig. 3 Relationship between

the angioscopic yellow grade

and the fibrous cap thickness

measured by optical coherence

tomography (OCT). The fibrous

cap thickness by OCT decreased

significantly as yellow grade by

angioscopy rose
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Angioscopic findings after stent implantation

Stent implantation (conventional bare metal stents BMS

and current DES) has been widely used for effective

treatment of obstructive coronary artery disease and was

shown to significantly improve the outcome compared to

angioplasty alone. However, restenosis and in stent

thrombosis are still the main limitation of coronary stent-

ing. Although contrast angiography remains the clinical

standard for coronary imaging, it is deficient in quantifying

minimal changes of the artery wall after stent implantation.

Angioscopy is superior to angiography in detecting

thrombus. In one study, 15 patients were examined by

coronary angioscopy during stent placement, intravascular

thrombus, undetected by angiography, was found in two

cases, while four patients had residual narrowing requiring

redilation [35].

BMS

Early stent thrombosis has been reported in ACS patients

with bare-metal stents at one-month follow up and disap-

peared within 6 months [36, 37]. Angioscopy has been

used to evaluate the time course of neointimal coverage of

stents. According to the pathological study, approximately

3 months were required for the completion of neointimal

stent coverage after BMS implantation. The neointimal

coverage after BMS implantation was angioscopically

classified into 5 grades [38] as shown in Fig. 4. Immedi-

ately and approximately 2 weeks after BMS implantation,

no neointimal coverage was found angioscopically in any

cases [39, 40]. Complete stent endothelialization, observed

angioscopically as smooth white neointima covering the

stent struts, was found at 65–142 days and 6 months after

stenting. Plaque morphology on angioscopy may affect the

artery healing process after BMS implantation. A serial

angioscopic study of patients with AMI has demonstrated

that at 1 months’ follow-up the grade of neointimal stent

coverage is lower in the ruptured segment of infarct-related

lesions than in the adjacent nonruptured segment [40].

Transparency of neointima under angioscopy, which was

associated with the thickness of the neointima, gradually

decreased from 3 to 6 months after BMS stenting. How-

ever, long-term follow up with angioscopy revealed that

thick non transparent neointima shifts into thin and trans-

parent appearance 3 years after stenting [41]. This regres-

sion process may be associated with decrease of cellular

components and apoptosis [42]. Furthermore, atheroscle-

rotic transformation inside the BMS segment has been

reported in an extended long term follow-up study utilizing

both angioscopy and OCT [43]. Inside the stent segment,

vulnerable atherosclerotic plaque with thrombus protruding

from the vessel wall into the lumen was identified angio-

scopically beyond 4 years after BMS implantation (Fig. 5).

This phenomenon may contribute to late luminal narrowing

after BMS implantation.

DES

Drug eluting stents (DES) have demonstrated a major

breakthrough in the reduction of neointimal hyperplasia

and thereby reducing restenosis compared with BMS.

However, delayed neointimal coverage with drug-eluting

stents may prolong the period of high risk for stent

thrombosis. This was illustrated in a comparative angio-

scopic study between the first generation DES, sirolimus-

eluting stents (SES) and BMS [44]. At 3–6 months after

stent implantation, 3 of the 15 SES (20%) had essentially

no neointimal coverage, and only 2 SES (13.3%) had

complete coverage. In contrast, all 22 BMS showed com-

plete intimal coverage. Thrombi were more common in

stents with incomplete neointimal coverage. Serial angio-

scopic findings revealed that subclinical thrombus forma-

tion associated with delayed neointimal coverage over

struts persists for up to 2 years after SES implantation [45]

and we have experienced a case of acute myocardial

infarction caused by late stent thrombosis 31 months after

SES implantation (Fig. 6) [46]. Another study compared

Fig. 4 Stent coverage score

evaluated by coronary

angioscopy. Grade 0 complete

exposure of stentstruts. Grade 1
exposure of stent struts with

partial coverage. Grade 2[50%

coverage of stent. Grade 3
almost complete coverage with

slightly visible stent struts.

Grade 4 complete coverage of

stent struts
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SES with the next generation DES, zotarolimus eluting

stent (ZES). In this study ZES showed greater neointimal

coverage grades than SES [47] 8 months after implanta-

tion, 71% of ZES showed grade 3 neointimal coverage,

whereas only 6% of sirolimus-eluting stents (SES) showed

grade 3 coverage. However, because of the high incidence

of late loss of ZES compared to the SES, ZES may lead to

the higher restenosis rate in the treatment of small vessels

and complex lesion. On the other hand, another first gen-

eration DES paclitaxel-eluting stent (PES) showed inter-

mediate late loss among these DESs. To investigate

whether PES has the better effect on the endothelial healing

process, angioscopy was performed 9 ± 2 months after 30

PES and 36 SES implantation [48]. In contrast to the 53%

homogenous neointimal coverage of SES, PES showed

heterogeneous neointimal coverage (48% showed the het-

erogeneity of grade 1; 26% showed the heterogeneity of

grade 2) associated with a higher incidence of thrombi.

Even at 18 months after stent implantation, PES still shows

more heterogeneous neointimal coverage and higher inci-

dence of thrombus formation as compared with SES [49].

This angioscopic finding indicates that homogeneous neo-

intimal coverage may be an important factor for competent

arterial healing after DES deployment.

Several studies have also demonstrated a significant

association of delayed neointimal coverage with underly-

ing yellow plaque that is generally sealed by white smooth

neointima by 1 year in BMS but often continues to be

exposed in DES [50, 51]. Comparing with the baseline, the

maximum yellow color grade of the neointima within DES-

implanted lesions increased significantly at 10 months’

follow-up after stenting. Yellow color was even newly

developed in 94% of lesions with no yellow plaque at

baseline [51]. Vascular response to DES, including

inflammatory and endothelial dysfunction, might contrib-

ute to the atherosclerotic process that differ from BMS.

It should be noted that angioscopy may underestimate

endothelialization because of the limited image resolution.

Data from in vitro experimental porcine coronary model

show that stents, which looked uncovered as seen by

macroscopy, appeared completely covered by endothelium

as assessed by scanning electron microscopy [52].

Limitations and new techniques of angioscopy

Although coronary angioscopy has provided unique insight

into coronary artery disease, the inherent qualitative nature

of angioscopic data has limited its application. Chromatic

distortions and the subjectivity of human color perception

substantially limit the theoretical potential of angioscopic

color. Methods of image quantification, such as quantita-

tive colorimetric analysis, has been developed to overcome

the limitations inherent in angioscopic data and provide

objective, reproducible analysis of angioscopic images

[8–10]. In addition, the latest in vitro study indicates that

by using color fluorescent angioscopy (CFA), the yellow

coronary plaques observed by conventional angioscopy can

Fig. 5 Angiographic and angioscopic findings of the second follow-

up. A Second follow-up examinations were performed 10 years after

GFX� stent implantation in the left anterior descending artery. The

percent diameter stenosis at the second follow-up is 11.7%. B An

angioscopy shows the presence of the white intima. The neointima is

partially transparent and a part of the stent struts is visible (white
arrow). C In another case, the second follow-up was performed

9 years after Multilink� stent implantation in the left anterior

descending artery. Although restenosis was not observed at the first

follow-up (7 months), new in-stent restenosis was found at the second

follow-up. Late luminal narrowing is 43.8%. D In the segment

corresponding to the in-stent restenosis, protruding yellow plaque is

identified by angioscopy. There are visible struts (white arrow) distal

to the yellow plaque. A white arrowhead indicates a guide wire
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be further classified into green, white-to-light blue, and

yellow-to-orange plaque according to their component,

such as collagen subtypes, oxidized LDL, macrophage

foam cells and calcium,thus provide much more objective

information to identify vulnerable plaque [11].

Conclusion

Angioscopy can provide a full-color, 3-dimensional per-

spective of the intracoronary surface morphology that

heretofore has been available only at necropsy. These

important lesion-specific details can be used to detect

vulnerable plaques and enhanced our understanding of the

mechanisms of percutaneous interventions. Despite the

limitations such as the need of balloon occlusion, angios-

copy is currently performed with high success and low

complication rates in Japan. In the future, with improve-

ments in technology and perspective large-scale studies,

angioscopy will not only be potentially valuable for the

clinical application of vulnerable-plaques detection, but

may also provide more information on the pathophysio-

logical changes and pathways involved in the vascular

responses after stent implantation.
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