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Abbreviations 

ACS, acute coronary syndrome 

AMI, acute myocardial infarction 

CAD, coronary artery disease 

CAG, coronary angiography 

FD-OCT, Fourier domain optical coherence tomography 

FFR, fractional flow reserve 

IVUS, intravascular ultrasonography 

LSI, lumen symmetry index 

NSTE-ACS, non-ST-segment elevation acute coronary syndrome 

OCT, optical coherence tomography 

PCI, percutaneous coronary intervention 

RVSI, reference vessel symmetry index 

STEMI, ST-segment elevation myocardial infarction 

TCFA, thin-capped fibroatheroma 

TD-OCT, time domain optical coherence tomography 
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1. Introduction: Optical coherence tomography in cardiology 
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Recent advances made in imaging techniques have greatly improved the understanding of 

coronary physiology, luminal morphology and plaque vulnerability as well as stent deployment. 

With these progress, even complex coronary lesions and restenosis can be safely treated by 

interventionalists [1]. OCT with great sensitivity are capable of detecting the detailed 

characteristics within vessels, making it increasingly becoming an ideal imaging tool for 

assessment of lumen dimensions and lesion characteristics, facilitating the application of coronary 

interventions [2, 3]. We briefly review the features of OCT as well as its potential application in 

coronary artery disease. 

 

1.1 Limitations of coronary angiography  

Coronary angiography (CAG) has been introduced into clinical practice for more than 40 years, 

and is one of the most commonly performed diagnostic procedures worldwide. However, CAG has 

well-known limitations in the detection of coronary atherosclerosis. Coronary angiogram is a two-

dimensional silhouette of the three-dimensional coronary artery lumen. Also, it has limited 

reliability in assessing plaque composition and dimensions, and distribution of atherosclerosis and 

low sensitivity in detecting calcium [4]. CAG may underestimate severe coronary lesions when 

diffuse atherosclerosis results in uniform narrowing of the lumen [5]. Moreover, the segment of the 

artery with atherosclerotic plaque tends to grow outwards during remodeling, which is also a 

reason why a significant atherosclerotic plaque is easily missed on the angiogram [6]. Another 

limitation of CAG is the intra- and inter-observer variability [7]. Given CAG has obvious drawbacks 

and offers no direct information on the coronary lesion characteristics, even the most experienced 

interventionalist, confronted with lesion and patient complexity, may face challenges in decisions 

based only on the angiographic lumen profile alone. There is a urgent need to develop advanced 

intra-coronary imaging techniques to overcome these limitations of angiographic assessment.  
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1.2 Features of intravascular OCT 

Intravascular OCT is able to provide clear, reliable images of vessel structure of normal and 

diseased coronary arteries. In an ex vivo study, Brezinski et al. firstly demonstrated the ability of 

OCT to detect the thin intimal cap layers associated with unstable plaques in 1997 [8]. Jang et al. 

were the first to conduct in vivo study of OCT in 2005, in which OCT clearly presented the 

morphology of culprit lesions in patients with stable or unstable angina and acute myocardial 

infarction (AMI) [9]. Important applications for intravascular OCT include evaluation of 

angiographically intermediate coronary artery, guidance of coronary stent implantation, and 

assessment of the mechanism of stent thrombosis or restenosis. 

OCT employs near infra-red light rays and depends on interferometric principles [10, 11]. There 

are two types of OCT systems, namely first generation time domain (TD)-OCT system and second 

generation Fourier domain (FD)-OCT system [12]. The latter is a key milestone toward clinical 

feasibility, since it enables to image orders of magnitude faster and significantly decreases the 

time for image acquisition [13]. In addition, FD-OCT system do not require the occlusion of the 

vessel as the TD-OCT did, which may significantly reduce the risk of life-threatening arrhythmias 

[14].  

In contrast to intravascular ultrasonography (IVUS), OCT systems have a higher sensitivity, 

with 10–20 μm of axial resolution, 20–30 μm of lateral resolution. But light emitted by OCT has a 

lower depth penetration [15]. A comparison of physical characteristics of OCT versus IVUS and 

CAG is made in Table 1 [16, 17]. However, for both TD and FD-OCT systems, intracoronary 

contrast injection is required during image acquisition, which is common limitation of OCT 

application.  
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Table 1 Physical characteristics of OCT vs. IVUS, CAG [18, 19] 

 CAG TD-OCTa FD-OCTb IVUSc 

Energy source X-radiation Near-infrared light Near-infrared light Ultrasound 
(2045 MHz) 

Wave length, μm 10-5–10-2 1.3 1.3 3580 

Resolution     

Axial, μm 59–137 15 15 100200 

Lateral, μm NA 40  200300 

Frame rate, frames/s NA 1520 100 30 

Pull-back rate, mm/s NA 13 20 0.51 

Maximum scan diameter, mm NA 7 10 15 

Tissue penetration, mm 200–450 1.52 2 10 

 

1.3 Measurement of vessel dimensions  

A number of studies have been conducted to assess the ability of OCT in quantifying luminal 

dimensions, but yielding conflicting results. In an ex vivo study of eight specimens, OCT over-

estimated luminal area by up to 0.8 mm2 [20]. However, the results may be influenced by tissue 

shrinkage since they used histomorphometry as the reference standard. In phantom models, the 

mean cross-sectional luminal area detected by OCT was equal to phantom true luminal area, with 

high reproducibility in OCT measurements [21, 22]. In recent years, OCT has been frequently 

compared against IVUS, in order to test its ability for quantifying luminal dimensions in vivo [20, 

23]. In the OPUS-CLASS study, strong correlations were established between luminal dimensions 

measured by IVUS and OCT, and both modalities presented good inter-observer variability [21]. 

However, IVUS showed significantly higher root-mean-squared deviation, revealing a better 

agreement for OCT measurements. Importantly, comparing to OCT, luminal area appears to be 

approximately 5‒10% larger when measured using IVUS [21, 23, 24]. It is not easy to differentiate 

whether OCT underestimates or IVUS overestimates the luminal dimensions. Thus, concerns 

have been raised that OCT-based parameters of luminal dimensions may possibly lead to the 
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implantation of smaller diameter stents. Since OCT acquires smaller measurement values of 

luminal dimensions, caution must be given when assessing lesions and stent size using literature-

validated IVUS parameters [25].  

 

1.4 Detection of atherosclerotic plaque characterization and plaque rupture 

Visualization of atherosclerotic plaques by OCT was initially validated in a large post-mortem 

specimen [26], and then in vivo human studies were carried out to testify the ability of OCT to 

characterize different plaques: fibrous plaques appear to be a homogeneous rich signal; 

fibrocalcific plaques are characterized by signal-poor regions with sharply delineated borders; 

lipid-rich plaques are presented as diffusely bordered signal-poor regions. OCT systems allow 

operators to identify coronary plaques and lesions, based on their own characterization, much 

clear and easier compared to other imaging modalities, with great intra- and inter-observer 

reliabilities and high sensitivity and specificity [27, 28]. Thus, OCT also enable to discriminate the 

changes in plaque morphology/phenotype and vascular response in response to pharmacological 

therapy, such as statin [29, 30].  

Autopsy studies have showed that thin-capped fibroatheroma (TCFA) is closely linked to 

plaque rupture in ACS and is considered a vulnerable plaque [31]. A TCFC is visualized as a 

signal-rich band (indicating vascular smooth muscle cell and extracellular matrix in and around 

fibrous cap), overlying a signal-poor region (indicating the necrotic core) on OCT. Although OCT is 

unable to quantify large lipid cores due to limited tissue penetration ability, its high resolution 

allows precise visualization and quantification of the thin fibrous cap (< 100 μm)[32].  

Nonculprit plaque ruptures were observed in 20% of patients with coronary artery disease [33]. 

OCT allows visualization of the detailed morphological changes during plaque rupture, which are 

typically characterized by a large lipid core that appears as signal poor region with poorly defined 

border and rapid signal drop off. Additionally, ruptured plaques can be  classified into two 

categories based on the site of rupture: rupture occurring at the mid-portion of the plaque or at 
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shoulders [34]. The longitudinal appearances of ruptured plaques are also useful for evaluating 

their morphology and differentiating their nature. Toutouzas et al. pointed out that ruptured 

plaques, among culprit lesions in ACS, tend to be predominantly located in the first 30 mm of 

coronary arteries [35]. By contrast, plaque rupture is found more frequent at the shoulders of the 

plaque in patients with ST-segment elevation myocardial infarction (STEMI), in particular a site 

with open-wide aperture against the blood flow [36, 37]. In addition, OCT findings enable the 

identification of cardiovascular risk factors according to coronary atherosclerotic plaque 

characteristics [38, 39]. It can be used to find the relationship between plaque morphological 

findings and the adverse cardiac events, such as post-percutaneous coronary interventions (PCI) 

cTn elevations in non-ST-segment elevation ACS patients [40]. However, the current OCT 

systems have a low tissue penetration capacity, which makes it difficult to distinguish tissue 

behind a thick cap, lipid core, or calcification. 

 

1.5 Guidance of stent implantation during PCI 

Lesion preparation guided by OCT prior to PCI/ stent implantation has two main steps, 

including (1) obtain precise and detailed information about lesion characteristics and plaque 

distribution across the vessel; and (2) selection of the appropriate device on the basis of 

parameter values provided by OCT. After intervention, unfavorable stent deployment and vessel 

injury may occur. OCT can be utilized to disclose the morphology of stent edges and to assess 

procedural complications [41, 42]. Although OCT is unable to visualize the whole stent strut, its 

images can provide a clear depiction of the boundaries within lumen and vessel.  

1.5.1. Calcification 

The presence of calcified and rigid lesions makes PCI challenging, and adjuvant techniques 

are often required to achieve satisfactory stent outcomes [43, 44]. Angiography has been reported 

to detect calcified lesions with low sensitivity (48%), except for severe calcification [45]. 

Conversely, calcium is precisely and easily detected by OCT, characterized by a poor or 
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heterogeneous signal region with sharply delineated borders. Based on pathological study, given 

the light penetrates calcium without shadowing, OCT can more accurately estimate the area of 

calcification than IVUS does [46]. In addition, OCT allows the operator to distinguish superficial 

and deep calcification, for instance, to identify a calcified lesion located at the intima-lumen 

interface or at the media-adventitia border. It can quantify the thickness of the calcified plate, the 

distance from the lumen and the circumferential arc distribution [47]. Therefore, OCT may be 

useful as a clinical tool for quantifying calcified plaques.  

1.5.2. Assessment of stent-related vascular injury  

High-pressure deployment is necessary for adequate stent expansion, but it also induces 

procedural vessel injury. With high resolution, OCT is able to visualize details of stent and 

distinguish different types of injury after implantation. Acute effects of stent implantation on the 

vessel wall have been recognized as intra-stent or edge dissection, tissue prolapse, and intra-

stent thrombus. Intra-stent dissection is a disruption of the luminal surface within the stent 

segment. It can appear in two forms, one as a linear rim of tissue with a clear separation from the 

vessel wall, plaque, or stent struts, or another as an empty cavity behind the struts. In contrast, 

edge dissection is defined as the presence of a linear rim of tissue with a width of ≥ 200 μm and a 

clear separation from the vessel wall of plaque that is adjacent (< 5 mm) to a stent edge [48]. A 

dissection can be described by measuring the length, angle, or width of the vessel flap. Data on 

IVUS revealed a link between significant stent edge dissection and early stent thrombosis [49]. 

The incidence of OCT-detected edge dissections has been reported to be as high as 21% to 

39.2%, compared with 9.2% to 21.3% of IVUS-detected dissections [50-54]. Bouma et al. showing 

that the frequency of stent edge dissection detection was 4.8% by IVUS versus 19% by OCT [55]. 

Plaque type at the stent edges has been reported as fibrotic 55.6% and 31.1%, fibrocalcific 22.2% 

and 33.3%, fibroatheroma 15.3% and 28.9%, and TCFA 6.9% and 6.7% at distal and proximal 

edge, respectively [56].  
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Tissue prolapse is a convex-shaped protrusion of tissue between adjacent stent struts toward 

the lumen, without disruption of the continuity of the luminal vessel surface. The distance from the 

arc connecting adjacent stent struts to the greatest extent protrusion is more than 50 μm. Tissue 

protrusion includes plaque protrusion and thrombus protrusion. On OCT images, plaque protrusion 

is characterized by a smooth surface and no signal attenuation, and thrombus protrusion by an 

irregular surface and significant signal attenuation. Since unstable lesions contain soft lipid tissue 

and thrombi, tissue protrusion is more commonly observed in the culprit lesions of ACS. Gonzalo 

et al. reported tissue prolapse in 97.5% of 73 consecutive patients [41 with stable coronary artery 

disease (CAD) and 32 with ACS and more extensive tissue prolapse was observed in unstable 

patients than stable ones [57].  

Strut coverage may be a predictor for adverse cardiovascular events. The length of an 

uncovered stent strut segment has been found to contribute to stent thrombosis. OCT allows an 

accurate assessment in vivo of strut tissue coverage and neointimal hyperplasia at follow-up, 

providing quantitative measurements of minimal lumen area, minimal stent cross section area, 

percentage lumen obstruction and percent neointimal hyperplasia, due to its ability to characterize 

lumen-vessel/stent interface [15, 58]. Currently, OCT has been applied to evaluate short- and mid-

term healing properties (neointimal coverage of struts) following stent implantation [59]. 

1.5.3. Assessment of stent deployment 

Suboptimal stent deployment, using specific quantitative OCT criteria, has been confirmed as a 

independent outcome predictor for device-oriented cardiovascular events [60].  

Incomplete stent apposition is defined the measured distance from the stent surface to the 

lumen contour being greater than the total thickness of the stent strut and polymer. Incomplete 

stent apposition has been found as a potential detrimental factor for the development of late stent 

thrombosis [61, 62]. Incomplete stent apposition may occur either acutely at the time of stent 

deployment or later as a consequence of vessel remodeling. Also, incomplete stent apposition is 

often seen in calcified lesions, because the calcified lesion is not expanded uniformly by PCI. The 
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frequency of malapposed struts, particularly in complex coronary lesions, can be as high as 9.1% 

to 17% following PCI [63]. Angiography often fails to recognize incomplete stent apposition. Owing 

to its superior intraluminal resolution, OCT can detect struts with incomplete stent apposition. One 

of the limitations of OCT in the diagnosis of stent malapposition is its low depth of light penetration, 

which limits the application of OCT for examining the mechanisms or consequences of stent 

malapposition [64]. 

Stent under-expansion is defined by the in-stent minimal lumen area ≥ 90% of the average 

lumen area, and ≥100% of lumen area of the reference segment with the lowest lumen area. 

There is a general agreement that gross stent underexpansion is related to a higher incidence of 

in-stent restenosis and thrombosis [65]. In a mixed population containing stable CAD patients and 

ACS patients, Prati et al. found stent under-expansion in 11.4% and incomplete stent apposition in 

29.7% on OCT imaging [66]. 

 

1.6 OCT-guided angioplasty for coronary imaging—Lessons from clinical studies 

Given the novelty of the technique, there are currently no well-established indications for the 

clinical use of intracoronary OCT. Some studies recommended OCT imaging particularly used for 

high-risk patients, for instance, those with ACS, stent thrombosis or in-stent, restenosis, or for 

high-risk lesions, for instance bifurcations, distal left main disease, long or diffuse lesions [67-69]. 

1.6.1. Safety 

OCT imaging technique has gained considerable attention in many centers worldwide, and our 

work was performed within this context. Recent clinical studies have demonstrated its safety in 

routine clinical practice, with low rate of major complications reported [70, 71]. Energy applied 

during an intravascular OCT scan is relatively low, with output power in a 5.0-8.0 mW range. Such 

low  energy is unable to cause functional or structural damage to the tissue. Thus, the safety of 

OCT depends mainly on the mechanical injury of a catheter and the extent of ischemia caused by 

blood flow occlusion or the amount of contrast injected when a non-occlusive OCT system is 
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employed. Preliminary studies have showed that OCT image acquisition is safe when using both 

occlusive and non-occlusive systems. Several studies have been conducted to investigate the 

safety of intracoronary OCT imaging [14, 72, 73]. In a single-center study, Imola et al. evaluate the 

safety and feasibility of FD-OCT for guiding PCI procedures. The results showed that FD-OCT 

was a safe and feasible technique during PCI [73]. All but one (99.1%) procedures were 

successful. No patients experienced death or any major complications. In another study, OCT was 

successful in 93.7% (60/64) of studied patients using the non-occlusive technique, with a mean 

amount of contrast injection of 30.5 ± 3.3 mL (range 22–35 mL) for OCT assessment. No major 

complications were observed even though a large number of these patients had ACS [72]. All mild 

adverse events were rapidly resolved. A multi-centre study reported on the safety of the occlusive 

OCT technique in 76 patients with CAD [14]. Vessel occlusion time averaged 48.3 ± 13.5 s; and 

no death and severe procedural complications were observed. In addition, no impairment in renal 

function or increased serum creatinine level up to 48 h after the procedure was occurred.  

 

1.6.2. Efficacy 

Several early clinical trials had been conducted to evaluate the feasibility and effectiveness of 

OCT imaging. In a recent clinical study involving experimental animals, Suzuki et al. found a 

strong correlation between histological parameters and OCT measurements of the luminal area 

(r=0.98; P<.001). This correlation was stronger than that observed between IVUS measurements 

and histological parameters (r=0.803; P<.001) [74]. Also, the study found a lower variation among 

OCT measurements than that of IVUS (3.7% for OCT vs. 4.3% for IVUS). In another study with the 

non-occlusive technique in 64 patients [72], OCT was found to provided accurate measurements 

of luminal area with higher reproducibility for two serial pull-backs. Similarly, in another study OCT 

was used to analyze more than 2000 cross-sections, and it accurately depicted the whole 

circumference of vessels and yielded good image quality in 96% of cases  [75]. Even in the study 

with the occlusive technique, a 100% imaging success rate was achieved [14]. Based on these 
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encouraging preliminary findings, OCT seems to be successful  to acquire good quality in at least 

90% of the image cross-sections, irrespective of acquisition technique applied.  

Currently, more and more clinical studies are performed to define the clinical value of the OCT 

guidance in PCI [76].  OCT findings enables clinicians to differentiate the patients with ACS 

caused by plaque erosion from those caused by plaque rupture, facilitating personalized therapy 

[77]. With OCT findings, the relationships of culprit plaque lesion features and subsequent 

coronary artery remodeling as well as the outcomes of patients can be precisely assessed [78, 79]. 

In this-year study, Kuku et al. found that OCT-guided PCI in comparison with angiography-guided 

was associated with reduction in adverse events for the composite of cardiac deaths, myocardial 

infarction and repeat revascularizations [80].  

Fractional flow reserve (FFR) is widely used for the assessment of myocardial ischemia. In a 

study by Seike F et al., OCT-derived FFR showed a stronger linear correlation with FFR 

measurements (r = 0.89) than quantitative coronary angiography % diameter stenosis (r = -0.65), 

suggesting it as an alternative method for the assessment of functional myocardial ischemia [81]. 

In another study, OCT-guided PCI offered a reduction in target lesion revascularization (4.1% vs. 

14.2% p<0.01) compared with FFR-guided group, without impact on major adverse cardiovascular 

events or all cause death [82].  

In very recent years, several clinical studies have been conducted to compared the 

performance of different imaging modalities (OCT, angiography, IVUS) for PCI guidance [83, 84]. 

Although OCT can add value to angiography as a diagnostic and/or intervention tool for PCI 

guidance, some findings are conflicting. In the study by Ali et al., 450 patients were randomly 

allocated to IVUS, angiography and OCT during PCI. The final median minimum stent area was 

5.79 mm2, 5.89 mm2 and 5.49 mm2 for OCT, IVUS and angiography guidance, respectively. OCT 

guidance was non-inferior but not superior IVUS guidance. Also, OCT guidance was also not 

superior to angiography guidance [84]. However, investigations are still ongoing and have yielded 

no conclusive results based on comprehensive parameters. 
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Conclusion 

     OCT has the potential to become the most reliable imaging modality for assessment of 

coronary plaques and stent implantation. However, the impact of intracoronary clinical significance 

to date has been limited to observations. Further investigation on the role of OCT guidance to 

lesion treatment is needed.  

 

 

 

 

 

 

 

 

 

 

 

 

2. Working hypothesis, questions and objectives  
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Coronary angiography is an invasive imaging technique for diagnostic and interventional 

procedures. With injection of radiopaque contrast, it indeed provides real-time luminogram, which 

can translate into accurate and highly reproducible measurements for clinical decision-making and 

for research applications. Although CAG has long been considered the gold-standard diagnostic 

method for CAD and is widely accepted as a firm basis for determining treatment strategies for 

PCI, it sometimes fails to acquire accurate images that reflect critical characteristics of 

atherosclerotic lesions or vessel–stent relationships [85, 86]. In particular, angiography lacks 

accuracy in the presence of overlapping vessels, foreshortening, or calcium in the vessel wall. 

Furthermore, angiography has limited ability to characterize atherosclerotic plaques, beyond the 

detection of calcium and grossly ulcerated plaques or dissections. Thus, there are some scenarios 

in which even an experienced interventional cardiologist requires complementary information in 

addition to measurements obtained by angiography. At the end of the 20th century, novel 

techniques that are capable of fully reflecting lesion and stent features were urgently needed for 

interventional cardiology. 

Intravascular ultrasound is widely used for improving the accuracy of the coronary luminogram 

in cases of overlapping, foreshortened or calcified vessels, and for giving information about the 

plaque burden, plaque morphology, or calcium distribution. OCT uses near-infrared light to 

generate cross-sectional images of the coronary arteries. Near-infrared light has shorter 

wavelength and higher frequency than ultrasound has; therefore, OCT images have 10-fold higher 

resolution than IVUS images, at the expense of lower penetration into the tissue [87]. The higher 

resolution of OCT enables the visualization and measurement of lesion details that angiography 

and IVUS cannot achieve. Although OCT started in cardiology as a research tool, it had the 

potential to become a routine tool for diagnostic application and guidance of therapeutic 

interventions.  

Intravascular OCT has advantages in terms of high spatial resolution, precise plaque 

assessment, and real-time image processing [88, 89]. OCT thus rapidly appeared to be a new tool 
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that could reliably visualize coronary artery morphology in normal and diseased arteries, enabling 

to identify a variety of plaque components. It was also shown to also provide highly reproducible 

measurements of lesion length and reference vessel lumen diameter, which might guide stent 

selection and deployment. In addition, OCT presented as a valuable tool to evaluate the outcomes 

of coronary interventions, for example to precisely evaluate stent expansion and strut apposition. 

Finally, OCT had been used to depict the stent-related vascular injury and healing and the 

underlying mechanisms of stent failure, such as in-stent restenosis. Such additional information 

might facilitate clinical decision-making process and eventually improve clinical outcomes. 

As described above, the capability of intravascular OCT seemed superior to other imaging 

modalities, such as angiography, in examining plaque features and stent implantation during PCI. 

Although the application of OCT during PCI seemed logical and promising, the assessment of 

OCT when our thesis work began had been limited to observations and its clinical significance had 

yet not been fully validated. Furthermore, OCT had several inherent drawbacks, including the 

relatively shallow depth of light penetration into the arterial wall, particularly for assessing calcium, 

thrombotic and lipid components, compared with ultrasound examination. Additionally, first-

generation TD-OCT also required blood removal with balloon occlusion method during image 

acquisition, making the PCI procedure more complex and precluding the use of this technique for 

ostial lesions, including the left main coronary artery or lesions. As the newly developed FD-OCT 

system did not require coronary artery occlusion and had a faster pullback speed [90, 91], it might 

be more suitable for PCI. Thus, the clinical significance of OCT for PCI needed to be established 

through prospective, well-designed large clinical trials.  

 

2.1 Working hypothesis: 

At the beginning of our thesis work, the working hypothesis was as follows: The increasing 

level of patient/lesion complexity being treated by interventional cardiologists today requires a 

much higher standard of procedural precision and safety compared with the past. Angiography 
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alone may be inadequate in detecting all clinically relevant pathological events. Given unique 

advantages of OCT, OCT-guided PCI may lead to superior stent measurements versus 

angiography alone and to subsequent modifications of therapeutic strategies by physicians. 

Prospective studies or observational registries are now required. 

Then we speculated that OCT could more accurately assess coronary artery plaque rupture 

before stenting and edge dissection after stenting, compared with CAG alone. It might provide 

more detailed information in stent implantation in practical application.  

 

2.2 Objectives:  

1) To evaluate whether OCT-guided angioplasty would provide useful clinical information beyond 

that obtained by angiography and whether this information would subsequently modify physicians’ 

behaviors and treatment choices. 

2) To investigate whether OCT can provide an accurate assessment of the coronary artery plaque 

rupture before stenting, or edge dissection after stenting, and may subsequently provide guidance 

for optimizing the stenting procedure. 

3) To evaluate the vascular pathophysiology and morphological features and predict stent edge 

dissections detected by OCT in patients with non-ST-segment elevation (NSTE)-ACS.  
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3. OCT-guided angioplasty yield useful clinical information and modify 

physicians’ strategies  
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3.1 Background and objectives 

With the combination of sophisticated cardiac catheterization technique, modern medication 

and experienced operators, PCI has evolved into a most effective nonsurgical modality for 

successfully treating patients with CAD[92]. Recent advances made in imaging techniques have 

greatly improved the understanding of coronary physiology, luminal morphology and plaque 

vulnerability as well as stent deployment [1]. However, the complexity of PCI has increased 

significantly over time, from the original simple, isolated target lesion in the proximal coronary 

segment of coronary arteries to the unclear disease scenarios such as ACS, in presence of distal 

left main bifurcation, diffuse or multivessel disease, bioabsorbable scaffolds. Although CAG is a 

widely accepted imaging technique, it has limited accuracy in assessing plaque composition, 

dimensions and distribution, low sensitivity in detecting calcifications, and unclear reliability in 

guiding stent deployment [4]. For even the most experienced interventional cardiologist, 

angiography alone has major limitations for decision making and procedural guidance.  

OCT has become the current state-of-the-art intracoronary imaging modality that allows 

visualization of detailed morphological characteristics of both atherosclerotic plaque and stent [93]. 

Because of the high frame rate in acquisition and the high-speed pullback, OCT automatically 

displays a pristine longitudinal lumen contour that is easier to measure and interpret. The high 

spatial resolution of OCT offers precise examination details, including more specific determination 

of tissue characteristics (e.g., calcification, thrombus, neointimal tissue) and more accurate 

assessment of stent parameters such as vessel wall apposition, strut coverage, tissue prolapse, 

and edge dissection[94]. Although OCT is unable to visualize the whole stent strut, its images can 

provide a clear depiction of the boundaries within lumen and vessel [42]. Factors such as stent 

diameter and length, landing zones, lesion characteristics requiring special preparation are among 

the parameters that can be readily identified by OCT [10]. From a technical perspective, OCT can 

be very helpful in detailed planning of interventional strategies and optimizing PCI results, 

particularly with complex lesions [95].  
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In this context, OCT may have potential to become a critical tool that enables physicians to 

deliver more precise and optimal treatment during PCI, especially in a complex setting, thereby 

providing superior clinical outcomes. Unfortunately, the safety and feasibility of OCT-guided 

procedures during PCI, in which OCT revealed lesion characteristics and pathological events that 

were not disclosed by angiography, have rarely been reported. Therefore, a comparative 

prospective study between CAG and OCT evaluation before and after PCI is needed.  

We hypothesized that OCT had potential clinical benefit in planning and mapping PCI 

procedures to optimize the results of stent implantation. In this study, we investigated whether and 

how OCT actually provided additional information for CAD diagnosis and guidance of PCI 

procedures. 
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3.2 Main conclusions and remarks 

 Among 83 patients included, 46% had single-vessel and 54% had multiple-vessel disease. 

 OCT-pre and post-angioplasty revealed significantly more procedural information than 

angiography alone.  

 Information provided by OCT detection changed the clinical strategies in 41/83 (49.40%) 

patients, including thrombus aspiration in 2 (2.41%), administration of GP IIb/IIIa inhibitors in 8 

(9.64%), additional balloon inflations in 23 (27.71%), additional stent implantations in 17 

(20.48%), avoiding stent implantation in 4 (4.84%), collateral intervention in 2 (2.41%), and 

guidewire repositioning in 2 patients (2.41%). 

 Conclusion: OCT-pre and -post procedure provided additional clinical information beyond that 

obtained by angiography alone and modified treatment strategies in approximately half of 

patients. However, it remains to be determined whether this translates into improved longer-

term outcomes. 
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4. OCT optimizes the detection of coronary artery plaque rupture and 

stent edge dissection during PCI 
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4.1 Background and objectives 

Previous evidence from postmortem studies has shown that atherosclerotic plaque rupture 

with a broken or eroded capsule is closely linked to acute coronary thrombotic accidents [96]. 

Thus, it is of great importance to detect accurately. The task of early identification of plaque types 

as well as plaque rupture, therefore, of great importance. Unfortunately, accurate diagnosis of 

plaque stability and a more accurate assessment of plaque rupture  is lacking. 

CAG is an established technique for the diagnosis of CAD. CAG, however, is only able to 

vaguely evaluate the lumen but unable to directly assess coronary atherosclerosis; it thus has 

inherent limitations when applied to atherosclerosis volume or plaque burden. CAG is not suitable 

for precise detection of ruptured coronary plaques, as it probably identifies only the largest lesions 

[97]; in some cases, atypical coronary plaque ruptures can easily be misdiagnosed or overlooked 

through CAG examination. Qualitative angiographic analysis showed that coronary ruptures 

distinct from the culprit lesion were identified by intravascular ultrasound in only 41.5% of cases 

[98].  

During stent implantation, unexpected vessel tearing may occur at the transition between the 

rigid stent struts and the adjacent arterial wall, which may be a trigger of thrombosis or major 

adverse cardiac events. CAG and IVUS have traditionally been used for the diagnosis of 

dissections at stent edges[50]. IVUS has substantially contributed to reducing the incidence of 

stent thrombosis by enabling appropriate stent sizing and management of stent underexpansion. 

Compared with grayscale IVUS, image acquisition by OCT is much faster with higher 

resolution[99]. It is a 10–20 μm light-based intravascular imaging modality that immediately 

provides after acquisition automatic detection metrics of the coronary lumen and stents across the 

entire explored vessel. OCT is mainly limited by its penetration depth. Within its penetration depth 

OCT has much high sensitivity and specificity for characterizing stent morphology and vascular 

injury after stent implantation in the catheterization laboratory. Also, OCT is able to provide more 

detailed information on acute findings immediately after stent implantation [100]. Therefore, it was 
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reasonable to assume that OCT could visualize these unfavorable findings (e.g.  stent edge 

dissection) which are not detectable by angiography or IVUS. Preliminary studies provided early 

insights on the incidence and characteristics of stent edge dissections by OCT, which showed 

higher sensitivity compared to angiography for the detection of edge dissections [56, 100].  

However, the role of OCT in the quantitative detection of plaque rupture before angioplasty 

and stent edge dissection during PCI, in comparison with CAG, had not been established. The 

objectives of the our study were i) to evaluate the frequency of coronary artery plaque rupture 

before stenting and edge dissections after stenting visible by intracoronary OCT in comparison 

with angiography. ii) to assess the location of plaque dissection and stent edge dissection with 

OCT, and iii) to verify whether the information provided by OCT might contribute to the 

optimization of PCI procedures. 
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4.2 Main conclusions and remarks 

 Before PCI, 12 plaque ruptures involved in the intima (11.9%) were detected by OCT and 

only 4 ruptures involved in the intima (4.0%) were detected by CAG (P = 0.0327). All 12 

OCT-detected plaque ruptures were limited to the intima. 

 After PCI, there were 48 OCT-detected edge dissections (26.7%, 48/180) and 5 CAG-

detected dissections (2.8%, 5/180) (P<0.0001). Among these 48 OCT-detected dissections, 

23 lesions were involved in the adventitia, including 10 lesions at the proximal edge (35.7%, 

10/28) and 13 lesions at the distal edge (65.0%, 13/20, P = 0.0433).  

 Four stents were deployed over the plaque ruptures due to OCT detection, and 13 stents 

were implanted over the OCT-detected edge dissections.  

 Conclusion: OCT may detect plaque rupture missed by CAG, and allow the thorough 

examination of stent edge dissections after PCI. The additional information may 

subsequently provide guidance for optimizing the PCI procedure.  
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5. Utilization of OCT in the evaluation and risk factor identification of 

stent edge dissection  
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5.1 Background and objectives 

   Percutaneous coronary intervention (PCI) is a common and established therapy for coronary 

artery disease. Coronary dissections after PCI are associated with an increased risk of major 

adverse cardiovascular events. Stent edge dissection occurs at the transition point between the 

rigid stent and the unstented reference segment—in other words, at the stent edge. Persistent 

dissections after stenting, especially large flow limiting stent edge dissections, have an enhanced 

short-term risk of major adverse cardiovascular events due to sudden vessel obstruction with 

consecutive myocardial ischemia[101]. 

Reports about the frequency of stent edge dissections depend on the imaging technique used 

and range from 1.7 % in an angiographic investigation to 7.8–19.3 % per lesion in several IVUS 

observations[102, 103]. However, angiography underestimates the true incidence of stent edge 

dissections and even with IVUS a relevant amount of stent edge dissections is missed [100].  

OCT is a high-resolution (10–20 μm) intravascular imaging technique that uses near-infrared 

light to create images. An excellent contrast between lumen and vessel wall in OCT allows 

accurate lumen measurements. It has been used to visualize and quantify intraluminal dimensions 

as well as the composition of the vessel wall including the assessment of the plaque morphology 

and different degrees of vessel injuries after stent implantation. With the emerging use of OCT and 

due to its high resolution and its ability to identify even small vessel injuries which are undetected 

by other imaging modalities, a much higher incidence of stent edge dissections has been reported 

(26–40%)[56, 104-106].  

Given that stent edge dissections have been suggested to be associated with clinical 

complications, it is of paramount importance to identify predictors of stent edge dissections for 

distinguishing high-risk population. Angiography data have shown that the predictors of coronary 

artery dissection after balloon angioplasty were greater balloon-to-artery ratio, the presence of 

calcium, longer lesion length, and greater number of balloon inflations[107]. Detection with IVUS, 

greater stent expansion and the presence of large calcified and/or attenuated plaques at the edge 
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of the stent were identified as independent predictors for stent edge dissection[108]. However, to 

date the true incidence and predictors of stent edge dissections remains unsolved by OCT.  

The aims of the current study were to evaluate the morphological features of stent edge 

dissection and to identify the predictors for untreated stent edge dissections detected by OCT after 

PCI in patients with non-ST-elevation ACS (NSTE-ACS). Patients in this study were a subgroup of 

the DOCTORS study, a randomized, prospective, multicenter, open-label clinical trial to evaluate 

the utility of OCT in optimizing results of angioplasty in patients with NSTE-ACS [109].   
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I. Introduction  

 

La découverte du stent est considérée comme l’une des dix inventions ayant  permis de changer le monde au 

siècle dernier. Son impact était exceptionnel et d’autant plus remarquable dans le domaine de la cardiologie 

interventionnelle. En effet, l’une des complications majeure de l’angioplastie conventionnelle, au ballon, 

était la dissection coronaire. Cependant, les dissections de petite taille ont été souvent observées, mais leur 

évolution était favorable sans conséquences cliniques, et cela était parfois valable aussi pour les dissections 

de grande taille en cas de conservation du flux coronaire sans sténose résiduelle (1). Dans le cas contraire, 

l’implantation de stent a permis de réduire efficacement l’aspect de sténose intra-luminale résiduelle en 

angiographie (2).  

 Le mécanisme de l’élargissement de la lumière après le stenting peut impliquer (a) une 

redistribution axiale importante de la plaque athéromateuse de la lésion vers les segments de référence, (b) 

une dilatation vasculaire, et (c) une embolisation ou (d) une compression de la plaque (3). Lors de 

l’implantation de stent, l’expansion du vaisseau peut être accompagnée par une dissection imprévue, au 

niveau de la zone de transition entre les mailles rigides d’un stent actif (DES) et les parois artérielles 

adjacentes (4). Cette dissection entraine un risque élevé de thrombose de stent qui est à l’origine des 

événements cardiovasculaires majeurs (MACE).(5-9). 

L'échographie endocoronaire coronaire  (IVUS) permet de détecter les dissections des bords des DES,  qui 

ne sont pas vues à l’angiographie, dans 6.6-9.2% des cas. Les volumineuses plaques calcifiées et la plaque 

résiduelle excentrique aux bords de DES, l’asymétrie des bords de DES, et la ratio  entre la surface de la 

lumière et la surface du stent ont été identifiés comme facteurs prédictifs indépendants de dissection des 

bords de DES. Les dissections des bords de DES, au niveau des zones saines de l’artère évoluent le plus 

souvent vers un hématome intra-mural (10-11)  
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 La tomographie par cohérence optique (OCT) possède une meilleure résolution spatiale, de l’ordre 

de 10-20 µm, que l’IVUS, et permet une analyse plus fine de la morphologie de la plaque et l’identification 

des dissections des bords après implantation de stent (12). L'incidence des dissections des bords des stents 

révélée par l’OCT est de 21 -37,8%, dont plus de 84% n'étaient pas visibles à l'angiographie.  

L’athérosclérose des bords et la technique de angioplastie percutanée (PCI) semblent avoir un lien de 

causalité avec les dissections des bords des DES. L’évaluation détaillée de ces dissections par OCT 

conditionne leur éventuelle prise en charge(13-14). 

La majorité des syndromes coronariens aigus (SCA) est due à une occlusion ou rétrécissement de la lumière 

de l’artère avec une thrombose complète ou partielle, qui provient, sur le plan physiopathologique, par ordre 

de fréquence, (a) de la rupture de plaque (55-60%), (b) l'érosion de la plaque (30-35%), et (c) le nodule 

calcifié superficiel (2-7%).(15-18). L’OCT a été utilisée dans l’évaluation morphologique de la plaque 

constituant la lésion responsable du SCA; la rupture d’une plaque fibro-athéromateuse à chape fine avec 

formation de thrombus a été fréquemment retrouvée au niveau de l’artère coupable (19). L’OCT est 

également utilisable comme technique d’imagerie endo-coronaire à la phase aigüe d’un SCA avec ou sans 

élévation du segment ST. Cette analyse retrouve les mêmes données morphologiques au niveau des lésions 

coupables : l’érosion de plaque, le thrombus intra-coronaire, la rupture de plaque fibro-athéromateuse à 

chape fine (20). 
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L'étude DOCTORS est un essai clinique randomisé, prospectif, multicentrique, en ouvert, visant à évaluer 

l'utilité de l'OCT pour optimiser les résultats de l'angioplastie d'une lésion responsable du syndrome 

coronarien aigu sans sus-décalage du segment ST.  

Dans ce travail nous avons analysé le sous-groupe des patients victimes de NSTEMI, randomisés dans le 

bras angioplastie guidée par l’OCT (21). 

L’objectif de notre étude était d'évaluer, dans cette sous-population de l’essai DOCTORS, les 

caractéristiques morphologiques et les facteurs prédictifs de dissection des bords de stent diagnostiquée par 

OCT. 

II. Patients et méthodes 

A. Sélection des patients, design de l'étude et procédures 

Tous les patients du groupe « angioplastie guidée par l’OCT », soit 120 patients, ont été inclus à partir de 

l’essai clinique DOCTORS. Les critères d'inclusion et d'exclusion,  les détails de  la conception, le design de 

l’étude ; et les procédures interventionnelles de l’étude DOCTORS ont été décrits dans le l’article de 

référence DOCTORS (21) (Annexe 1). 

B. Analyse quantitative de l’angiographie coronarienne  

Toutes les angiographies coronaires ont été analysées en salle d’angiographie au centre coordinateur du 

CHU de Besançon, à l'aide d'un algorithme automatisé d'analyse coronarienne quantitative (QAngio XA 7.3, 

Medis Medical Imaging Systems BV, Leiden, Pays-Bas). Les mesures moyennées ont été effectuées dans 

deux incidences orthogonales. 
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C. Tomographie par Cohérence optique : technique d’acquisition et analyse d’images. 

 

Les images OCT ont été acquises en utilisant le système Optis FD-OCT (Lightlab Imaging Incorporated, 

Westford, MA) et le cathéter 6F compatible Dragonfly Duo et Dragonfly Optis (Lightlab Imaging 

Incorporated, Westford, MA). Le cathéter de l’OCT a été introduit au niveau de l’artère coronaire à l’aide 

d’un guide d’angioplastie conventionnel de 0.014F (système monorail). L’examen a été réalisé après une 

préparation par antithrombotiques (déjà obtenue dans le cadre de la prise en charge du syndrome coronarien 

aigu) associée à une injection intra-coronaire de dérivés nitrés. Le cathéter OCT (C7 Dragonfly, St. Jude 

Medical) a été avancé d'au moins de 10 mm en aval de la lésion ou de l’extrémité distale du stent. Le milieu 

transparent est obtenu grâce à l’injection automatisée de produit de contraste concomitante du retrait de la 

sonde (15 à 20 ml à 4 ml/s) et un retrait automatique (18 mm/seconde) permet d’étudier le vaisseau sur une 

longueur donnée. Une fois l’acquisition (densité de frame : 10 images/seconde) réalisée, la sonde est retirée. 

Les images obtenues sont présentées sous 2 formes : coupe axiale et coupe longitudinale dite « long view ». 

Les logiciels intégrés aux consoles permettent une analyse semi-automatique des acquisitions (surface de la 

lumière, surface du stent, reconstruction tridimensionnelle). 

Toutes les images OCT ont été analysées à l’aide du logiciel Lightlab® au centre coordinateur (CHU de 

Besançon) par deux opérateurs indépendants en aveugle par rapport aux données de l’angiographie et la 

stratégie procédurale. Les analyses discordantes ont été résolues par consensus (21-23). Les valeurs retenues 

pour l'analyse finale étaient celles résultant de l'analyse du laboratoire central.   
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D. Définitions de lésions et segments de référence.  

Les critères OCT pour la définition des objectifs principaux ont été établis selon des documents de 

consensus récents, l’ensemble de ces définitions ont été précédemment décrites (24) (22). Les principales 

définitions ainsi que des images représentatives du prolapsus tissulaire, de la malposition des stents, de la 

sous-expansion et de la dissection des bords figurent dans l’article de référence (21) [Annexe 2]. Les 

définitions de la lésion et du segment de référence du document de l’IVUS consensus, modifiés, publié dans 

le Journal of American College of Cardiology (JACC) ont été adoptées pour la tomographie par cohérence 

optique endovasculaire (IVOCT).(22) 

Définitions des segments de référence : 

Référence proximale: le site ayant la plus grande lumière en amont de la sténose mais dans le même segment 

(généralement à 10 mm de la sténose, sans branche de division majeure), de préférence dans une zone sans 

extension de la plaque. 

Référence distale: le site ayant la plus grande lumière en aval de la sténose mais dans le même segment 

(généralement à 10 mm de la sténose, sans branche de division majeure), de préférence dans une zone sans 

extension de la plaque. 

Taille moyenne de la lumière de référence: la valeur moyenne de la taille (diamètre et surface) de la lumière 

aux sites de référence proximaux et distaux. 

 

E. Dissection des bords de stent : définitions et paramètres analysés 

Les extrémités (bordures) de stent ont été définies comme la première et la dernière coupe transversale du 

segment stenté où les mailles pouvaient être vues dans les quatre quadrants de l'image.   
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La zone peristent a été définie comme étant le premier cadre suivant immédiatement la bordure de stent (de 

0,2 mm d’environ). 

Les bords de stent ont été définis comme les zones se trouvant jusqu’à 5 mm immédiatement en amont et 

en aval des extrémités (proximale et distale) du stent. 

La dissection des bords de stent a été définie en OCT comme la zone avec interruption ou rupture de la 

continuité de la surface endoluminale du vaisseau à l’extrémité du stent (5 mm proximal et distal) avec 

visualisation des flaps ou des cavités.  

Quantification de la dissection des bords : afin de mesurer les dimensions de la dissection des bords, 

l'extension longitudinale de la dissection le long du vaisseau et la longueur du flap de dissection (de sa 

pointe au point de jonction avec la paroi du vaisseau) ont été mesurées.(14,12)  

La sévérité de chaque dissection a été estimée morphologiquement de manière plus approfondie à l’aide 

d’une évaluation qualitative de la profondeur de la zone disséquée du vaisseau comme: 

• Intimale : limité à la couche intima ou à l'athérome 

• Médiale : s'étendant dans la couche de médias 

• Adventicielle: s'étendant à la membrane élastique externe. 

La présence d'un hématome intramural a été définie comme une accumulation de produit de contraste ou 

liquide de flush (ou de sang) dans l'espace médial, déplaçant la membrane élastique interne vers l'intérieur et 

la membrane élastique externe vers l'extérieur.(14,21)  
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Au niveau de  l’extrémité (la bordure du stent), l'indice de symétrie du vaisseau a été calculé comme 

étant le rapport entre le diamètre minimal et le diamètre maximal de l’artère.(14) 

Les sites de référence du bord de stent étaient les coupes transversales au niveau de la zone qui paraissait 

la plus saine (lumière maximale avec plaque minimale), cela jusqu’à 5 mm de la bordure proximale et 

distale du stent (10,25,26). 

L'indice de symétrie du vaisseau de référence a été calculé comme étant le rapport entre diamètre minimal 

et le diamètre maximal au niveau du site de référence. 

L’Indice de symétrie du vaisseau de référence du bord distal du stent (IRSV distal) a été défini comme 

le rapport entre le diamètre minimal du vaisseau de référence et le diamètre maximal au bord distal du stent. 

L’indice de symétrie du vaisseau de référence du bord proximal du stent (IRSV proximal) a été défini 

comme le rapport entre le diamètre minimal du vaisseau de référence et le diamètre maximal au bord 

proximal du stent. 

L’indice de symétrie de la lumière distale avant le stenting (ISL distal) a été défini comme le rapport 

entre le diamètre minimal de la lumière distale et le diamètre maximal avant le stenting au bord distal du 

stent. 

L’indice de symétrie de la lumière proximale avant le stenting (ISL proximal) a été défini comme le 

rapport entre le diamètre minimum de la lumière proximale et le diamètre maximal avant le stenting au bord 

proximal du stent. 

.  
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F. Analyses statistiques 

Les variables quantitatives sont exprimées en  valeur moyenne +/- écart-type pour les variables normalement 

distribuées et médianes (intervalle interquartiles) pour les variables non-normalement distribuées. La 

normalité des variables continues a été vérifiée en utilisant le test de Kolmogorov-Smirnov. Les variables 

catégoriques sont décrites en nombre (pourcentage). Les données quantitatives ont été comparées à l'aide des 

tests t-Student ou Mann-Whitney et les variables qualitatives à l'aide du test de Fisher. Une analyse 

multivariée par régression logistique a été réalisée pour déterminer les facteurs prédictifs indépendants de la 

dissection du bord de stent à l'aide de la méthode progressive par étapes (Wald). Une valeur p <0,05 était 

considérée comme statistiquement significative. Toutes les analyses ont été effectuées en utilisant SPSS 15 

pour Windows, SPSS Inc. 
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III. Résultats 

A. Données cliniques, angiographiques, et des procedures. 
   

Les 120 patients inclus ont bénéficiés d’une angioplastie guidée par l’OCT. Ils étaient majoritairement de 

sexe masculin (79,2%) et avaient un âge moyen de 60.8 11.5ans. Les facteurs de risque cardiovasculaire le 

plus souvent rencontrés étaient : l’hypertension artérielle (56%), l’hypercholestérolémie (49%) et le 

tabagisme (39%). Une minorité avait un angor instable (8%). La lésion cible stentée était une lésion unique 

au niveau de l’artère coupable sans atteinte diffuse au sein de cette même artère. Cette artère a été définie 

comme étant l’artère responsable de SCA-NSTEMI. Les données cliniques, angiographiques sont résumées 

dans la Tableau 1 et ont été déjà décrites dans l’article de référence (24,21).  

La troponine à l’admission était à 0.54 [0.2 ; 1.7] µg/L. L’artère interventriculaire antérieure était le 

plus fréquemment atteinte (46%). La plupart des patients avaient une atteinte monotronculaire (65.0%), avec 

une lésion de type B1 ou B2 (66.7%) selon la classification de l’Amerian Heart Association. 

La population totale a été répartie en deux groupes selon la présence/absence à l’OCT d’une dissection en 

bordure du stent. Les caractéristiques des deux groupes figurent dans le tableau 2. 
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Tableau 1 Caractéristiques des patients à l’inclusion : données cliniques et angiographiques  

Caractéristique Total N =120 
N(%)/mDS/médiane (min-
max) 

P 

Age (ans) 60.8 11.5  
Sexe masculin 95 (79.2)  
Diabète 26 (21.7)  
Surpoids 75 (62.5)  
Hypercholestérolémie 59 (49.2)  
Hypertension artérielle  67 (55.8)  
Tabagisme actif 47 (39.2)  
Hérédité coronarienne 39 (32.5)  
Angor instable 10 (8.3)  
Troponine à l’admission (µg/L) 0.54 (0.2, 1.7)  
DFG ml/min/1,73m2 93.9 (72.1. 116.8)  
Nombres d’artères atteintes   p< 0.01 

Monotronculaire 78 (65.0)  
Bi ou tritronculaire 42 (35.0)  

Artère coupable  p< 0.01 
Artère coronaire droite 38 (31.6)  
Artère circonflexe 26 (21.7)  
Artère interventriculaire antérieure 56 (46.7)  

Type de lésion selon la classification 
ACC/AHA 

 P< 
0.01 

A 30 (25.0)  
B1 ou B2 79 (66.7)  
C 10 (8.3)  

DS: déviation standard, MLA : surface minimale de la lumière, MLD : diamètre minimal de la lumière. 
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La troponine à l’admission était à 0.54 [0.2 ; 1.7] µg/L. L’artère interventriculaire antérieure était le plus 

fréquemment atteinte (46%). La plupart des patients avaient une atteinte monotronculaire (65.0%), avec une 

lésion de type B1 ou B2 (66.7%) selon la classification de l’Amerian Heart Association. 

La population totale a été répartie en deux groupes selon la présence/absence à l’OCT d’une dissection en 

bordure du stent. Les caractéristiques des deux groupes figurent dans le tableau 2. 
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B.  Analyse qualitative et  quantitative par l’OCT des bords de stent 

 

La population totale a été répartie en deux groupes selon la présence/absence à l’OCT d’une dissection en 

bordure du stent. Les caractéristiques des deux groupes figurent dans le tableau 2. Au total, quarante et 

quatre (44/36.7%) dans le groupe avec dissection versus (76/63%) sans dissection. Il n’y avait pas de 

différence significative de taux de dissection en fonction de l’âge ou de sexe des patients. 

Tableau 2.  Données pré-procédurales de l’OCT stenting 

 Groupe avec 
dissection (N=44) 
N(%)/mDS/ 
Médiane (min-max) 

Groupe sans 
dissection (N=76) 
N(%)/mDS/ 
Médiane (min-max) 

P. 

Age  59.8  11. 3 60.711.4 0.461 
Sexe masculin (%) 36 (81.8) 59 (77.6) 0.219 
Thrombose (%) 34 (77.27) 50 (65.79) 0.219 
Score de thrombose 7.50 (3.22, 15.58) 7.50 (3.00, 14.11) 0.687 
Rupture intimale(%) 29 (69.91) 34 (44.73) 0.0365 
Erosion  35 (79.55) 38 (50.00) 0.0018 
Type de plaque    

Lipidique(%) 41 (93.18) 66 (86.84) 0.369 
Fibreuse (%) 26 (59.09) 37 (48.68) 0.343 
Calcique (%) 31 (70.45) 42 (55.26) 0.122 

Longueur (mm) 15.65  5.14 16.16 6.96 0.671 
MLD (mm) 1.20  0.31 1.26 0.29 0.273 
Diamètre de référence (mm) 3.05 0.42 3.02  0.42 0.755 
% de sténose de diamètre  60.9310.83 58.16 9.97 0.158 
Surface de référence (mm) 7.49  2.16 7.30 2.07 0.641 
MLA (mm²) 1.23  0.73 1.29 0.71 0.666 
% de sténose de surface 81.83  9.90 81.63 9.47  0.911 
Epaisseur de la chape 
fibreuse (µm) 

67.62 (42.50, 89.99) 60.00 (49.63, 80.00) 0.240 

DS: déviation standard, MLA : surface minimale de la lumière, MLD : diamètre minimal de la lumière. 
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Au niveau de l’extrémité proximale de stent, nous avons observé 22 dissections soit 50%. Parmi ces 22 

dissections proximales, vingt (90.90%), siégeaient au niveau de l’adventice. 

Au niveau de l’extrémité distale de stent, nous avons également identifié 22 dissections, dont dix (45.45%, 

10/22 ; P =0.0042).de type adventitiel. 

Au total, un geste d’angioplastie avec pose de stent a été réalisé chez 32 patients dans le groupe 

d’angioplastie guidée par l’OCT. Pour 24 d’entre eux, ce geste a été réalisé en raison d’une couverture 

incomplète de la lésion, alors que la dissection adventitielle était le motif d’une geste complémentaire chez 8 

patients. 
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C. Les données OCT avant l’angioplastie des 2 groupes, groupe avec dissection et 
sans dissections. Tableau 2. 

 

Il n’y avait pas de différence significative entre les deux groupes en termes de :(1) lésions avec thrombose et 

(2) le type de plaque (lipidique, fibreuse et calcique). Cependant, les patients avec dissections des bords 

avaient significativement plus d’érosion de plaque que ceux du groupe sans dissection (79.55% vs 50.00%, 

P= 0.0018). De même, il y’avait significativement plus de rupture intimale dans le groupe avec dissection 

(65.91% vs 44.74 %, P=0.0365) en comparaison avec le groupe sans dissection. Concernant les paramètres 

quantitatifs tels la longueur de lésion, MLD, le degré de sténose exprimé en pourcentage et l’épaisseur de la 

chape fibreuse, il n’y avait de différence significative entre les deux groupes. 

D. Les données OCT post-stenting.  

La protrusion des tissus (plaque ou thrombus) après le stenting a été retrouvée de manière similaire dans les deux 

groupes ; néanmoins, on notait une légère tendance à l’augmentation du taux de rupture intimale dans le groupe avec 

dissection (86.42% vs 68.42%, P=0.057). Le taux de couverture de la branche fille était similaire dans les deux 

groupes ; une couverture optimale des lésions a été retrouvée plus fréquemment dans le groupe sans dissection et cette 

différence était statistiquement significative (89.47 % vs 75%, P=0.0351).Tableau 3 
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Tableau 3 Les données OCT procédurale après l’angioplastie (le premier OCT-Run après le stenting). 

 Groupe avec 

dissection 

(n=44) 

N(%)/m, DS 

Min-max 

Group sans 

dissection 

(n=76) 

N(%)/m, DS 

Min-max 

P  

Protrusions tissulaires (plaque/thrombus) 42 (95.45) 65 (85.53) 0.129 

Plaque lisse 30 (68.18) 46 (60.52) 0.718 

Plaque rompue 38 (86.42) 52 (86.42) 0.057 

Plaque irrégulière 34 (77.27) 55 (72.37) 0 .790 

Thrombus 33 (75.00) 55 (72.37) 0.937 

Couverture de la branche fille 33 (75.00) 57 (75.00) 1.000 

Couverture optimale de la lésion 33 (75.00) 68 (89.47) 0.0351 

Stent malapposition 24 (54.55) 39 (51.32) 0.850 

Distance maximale entre les mailles et la 

paroi de vaisseau (mm) 

0.20 (0.00, 0.35) 0.18 (0.00, 0.39) 0.999 

Longueur maximale des mailles (mm) 2.30 (0.91, 4.16) 1.78 (0.80, 4.80) 0.865 

Surface des mailles/surface de lumière 21.28 (8.31, 43.59) 30.65 (22.48, 56.19) 0.0158 

Stent sous déployé (%) 8 (18.18) 40 (52.63) 0.0003 

Surface Minimale intra-stent (mm²) 6.34  2.14 5.70 1.64 0.128 

Surface de référence (mm²) 7.37  2.69  7.96  2.39 0.626 

Surface Intra-stent moyenne / surface de 

référence 
81.58  12.50 73.85  12.50 0.0086 

Longueur de stent 22.07  8.44 21.47  8.30 0.704 

Diamètre minimal du stent (mm) 2.76  0.49 2 .70  0.42 0.546 

Diamètre de référence (mm) 3.12  0.58 3.53  0.89 0.490 

Diamètre de sténose résiduelle 11.66  7.89 11.63  8.22 0.993 

Surface minimale intra stent (mm²) 6.20  2.23 6.04  1.93 0.687 

Surface minimale de référence (mm²) 8.01  3.12  8.01 2.45 0.999 

Surface de sténose  résiduelle  21.48  13.73 22.97  14.23 0.576 

Sous deployment de stent : surface de sténose résiduelle > ou = 30 %.  
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Bien que le taux de la malappostion de stent n’ait pas été différente entre les deux groupes, le rapport entre 

la surface des mailles et la surface de la lumière était apparemmenplus élevé dans le groupe sans dissection 

(30.75% vs 21 .28%, P= 0.0158). La même observation a été faite pour le sous déploiement de stent, nous 

avons noté un plus grand nombre de stents sous déployés dans le groupe sans dissection et cela de manière 

significative (52.63 % vs 18.18%, P=0.0003). Le rapport entre la surface moyenne Intra-stent / et la surface de 

référence était significativement plus bas dans le groupe sans dissection comparé au groupe avec dissection (73.85+- 

12.50% vs 81.58 +- 12.50, P= 0.0086). 

Quant aux autres paramètres quantitatifs comme la longueur de stent, MLD et MLA, le diamètre de sténose 

résiduel, la surface de sténose résiduelle, il n’a y avait pas de différence significative entre les deux groupes 

au dernier OCT-Run, réalisé en post angioplastie avec stenting. 

 

E.  L’analyse de la symétrie des vaisseaux de référence au niveau des bords de stent. 

Les données de l’analyse OCT du rapport entre la dissection des bords et la symétrie du vaisseau de 

référence sont représentées dans le Tableau 7. 

1. Au niveau de l’extrémité distale 
 

Au  niveau de l’extrémité distale de stent, il n’y avait pas de différence significative de taux de dissections 

des bords entre les deux groupes pour les données quantitatifs comme le diamètre distal de stent, la surface 

du bord distal du stent, le diamètre de référence distal, la surface de référence distale, le diamètre de 

référence distal minimal, le diamètre de référence distal maximal, la surface distale de la lumière du vaisseau. 

Toutefois, dans le groupe sans dissection, les patients avaient une valeur plus élevée du diamètre distal de la 

lumière (2.60 +- 2.20 vs 2.39 +- 2.41 mm, P= 0.0418), du diamètre de référence distal minimal (2.39 +- 0.46 

vs 2.16 +- 0.60 mm, P= 0.0220), et de l’ISL [0.88 (0.82, 0.91) vs 0.84 (0.77, 0.90), P= 0.0125]. A noter 

également, une tendance pour le diamètre de référence distal maximal (2.83+ -0.57 vs 2.63 +- 0.65 mm, P = 
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0.080), et l’IRSV [0.87 (0.83, 0.92) vs 0.86 (0.80, 0.90), P= 0.063] en faveur de groupe sans dissection, sans 

atteindre la significativité statistique.  

2. Au niveau de l’extrémité proximale  
 

Au niveau de l’extrémité proximale, il n’y avait pas de différence significative de diamètre  de stent, surface 

de stent, diamètre de référence, surface de référence, diamètre de référence maximal, diamètre de la lumière, 

surface de la lumière, diamètre minimal et maximal de la lumière entre les deux groupes. On notait une 

tendance vers des valeurs plus élevées pour le diamètre de référence minimal en faveur de groupe sans 

dissection (3.15 0.57 vs 2.96  0.60, P= 0.084). L’IRSV [0.87 (0.82, 0.90) vs 0.81 (0.81, 0.89), P=0.0212] 

et de l’ISL [0.86 (0.81, 0.89 vs 0.83 (0.78, 0.88), P=0.0259] étaient significativement plus élevés dans le 

groupe sans dissection comparés au groupe avec dissection. 
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Tableau 4 Analyse de la symétrie du vaisseau au niveau des extrémités (premier OCT-Run). 

 Groupe avec 
dissection  
(n=44) 

Groupe sans 
dissection  
(n=76) 

P  

Diamètre distal de stent  (moyenne, mm) 3.040.54 2.980.43 0.565 
Surface du bord distal de stent (mm²) 7.512.59 7.321.96 0.635 
Extrémité distale de stent/valeurs de référence    
Diamètre de référence distal (moyenne, mm) 2.950.69 3.090.49 0.203 
Surface de référence distale (mm²) 7.193.29 7.692.57 0.351 
Diamètre de référence distal minimal (mm) 2 .700.61 2.870.45 0.100 
Diamètre de référence distal maximal (mm) 3.210.77 3.300.56 0.473 
IRSV Distal 0.86 (0.80, 0.90) 0.87 (0.83, 0.92) 0.063 
Extrémité distale du vaisseau     
Diamètre distale de la lumière (M, mm) 2.392.41 2.602.20 0.0418 
Surface distale de la lumière (mm²) 4.860.62 5.510.48 0133 
Diamètre distale minimal de la lumière (mm) 2.160.60 2 .390.46 0.0220 
Diamètre distale maximal de la lumière (mm) 2.630.65 2.830.57 0.080 
Distal ISL 0.84 (0.77, 0.90) 0.88 (0.82, 0.91) 0.0125 
Diamètre proximal de stent (M, mm) 3.180.51 3.090.43 0.317 
Surface proximal de stent (mm²) 8.222.65 7.762.46 0.314 
Extrémité (bord) proximale de stent    
Diamètre de référence proximal (M, mm) 3.280.63 3.370.62 0.435 
Surface de référence proximale (mm²) 8.773.48 9.343.35 0.379 
Diamètre de référence proximal minimal (mm) 2.960.60 3.150.57 0.084 
Diamètre de référence proximal maximal (mm) 3.660.66 3.650.67 0.938 
IRSV Proximal 0.81 (0.81, 0.89) 0.87 (0.82, 0.90° 0.0212 
Extrémité proximale du vaisseau    
Diamètre proximal de la lumière (M, mm) 2.860.66 3.020.66 0.185 
Surface proximale de la lumière (mm²) 6.703.08 7.323.04 0.286 
Diamètre proximale minimal de la lumière (mm) 2.600.69 2.740.59 0.252 
Diamètre proximale maximal de la lumière (mm) 3.120.66 3.266 0.73 0.277 
ISL Proximal 0.83 (0.78, 0.88) 0.86 (0.81, 0.86) 0.0259 
L’Indice de symétrie du vaisseau de référence du bord distal de stent (IRSV distal) : diamètre minimal du 
vaisseau de référence / diamètre maximal au bord distal du stent. 
Indice de symétrie du vaisseau de référence du bord proximal de stent (IRSV proximal): diamètre minimal du 
vaisseau de référence / diamètre maximal au bord proximal de stent. 
Indice de symétrie de la lumière distale avant le stenting (distal ISL): diamètre minimal de la lumière distale / 
diamètre maximal avant le stenting au bord distal de stent. 
Indice de symétrie de la lumière proximale avant le stenting : (ISL proximal): Diamètre minimum de la lumière 
proximale / diamètre maximal avant le stenting au bord proximal de stent. 

M (valeur moyenne)  



70 

 

F. Facteur prédictifs de dissection des bords de stent. Tableau 5 
 

L’analyse multivariée par régression logistique (Wald forward stepwise)  a montré que l’érosion (Odds ratio 

[OR] : 1.4 , 95%, l’intervalle de confiance [CI] : 1.30 to 15.43, P= 0.0179), le sous déploiement de stent 

(OR : 0.21, 95% CI : 0.06 to 0.71, P= 0.0122), la couverture non-optimale de la lésion (OR : 1.4, 95% CI : 

0.03 to 0.55, P= 0.0051), l’IRSV proximal (OR :0.002, 95% CI :0.00 to 0.76, P=0.0406) et distal (OR : 

0.001, 95% CI : 0.00 to 0.50, P= 0.0305)  étaient des facteurs de risque indépendants de dissection de bords 

de stent. 

 

  



71 

 

Tableau 5 Facteurs prédictifs de dissections des bords de stent analysés selon le modèle de régression 
logistique (Forward Wald Stepwise). 

   95.0% CI for EXP (B) 

 P OR Minimal maximal 

Erosion 0.0179 1.51 1.30 15.43 

Sous déploiement de stent 0.0122 0.21 0.06 0.71 

Couverture optimale de la lésion 0.0051 0.14 0.03 0.55 

IRSV Distal 0.0305 0.001 0.00 0.50 

IRSV Proximal 0.0406 0.002 0.00 0.76 

Constant 0.0031 204587.1   

 

L’Indice de symétrie du vaisseau de référence du bord distal du stent (IRSV distal) a été défini comme 

le rapport entre le diamètre minimal du vaisseau de référence et le diamètre maximal au bord distal du stent. 

L’indice de symétrie du vaisseau de référence du bord proximal du stent (IRSV proximal) a été défini 

comme le rapport entre le diamètre minimal du vaisseau de référence et le diamètre maximal au bord 

proximal du stent. 
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IV. Discussion 

L'étude DOCTORS a montré que l'OCT fournissait des informations supplémentaires utiles, outres celles 

qui sont obtenues par l'angiographie seule chez les patients avec SCA-NSTEMI, et était associée à un 

meilleur résultat fonctionnel évalué par la FFR (21). Tous les patients de notre étude provenaient du groupe 

d’angioplastie guidée par l’OCT. Nous avons effectué une analyse morphologique des données de l’OCT 

concernant les dissections des bords, et essayé d’identifier les facteurs prédictifs de dissection de bords des 

DES chez les patients avec SCA-NSTEMI après angioplastie avec implantation d’un stent. 

A. Sous-déploiement de stent, optimisation de l'expansion du stent et dissection du bord du 

stent.  

L’optimisation des résultats de l’angioplastie, guidée par l’imagerie endo-coronaire, l’OCT, était l’apport 

principal de l’étude DOCTORS. Cette optimisation était au prix d’une procédure prolongée, un volume plus 

important de produits de contraste, sans ajouter un  risque d’infarctus de myocarde per procédural ou une 

insuffisante rénale(21). Les résultats de notre étude montrent l’existence d’un rapport entre la dissection des 

bords de stent et le sous déploiement de stent. En effet, le sous déploiement est apparu comme étant un 

facteur de risque indépendant de dissection des bords. Le sous déploiement de stent est par ailleurs considéré 

comme un facteur de risque d’évènements cardiovasculaires majeurs lors du suivi par l’OCT (27). Dans le 

registre français PESTO, les auteurs ont retrouvé une anomalie morphologique à l’OCT chez 97% des 

patients, le sous déploiement de stent et la malapposition constituaient la moitié de ces anomalies (45%)(28). 

Ces résultats renforcent le concept d’une optimisation du résultat de l’angioplastie par une post dilatation en 

cas de résultat intermédiaire. Toutefois, l’optimisation des résultats par la post dilatation n’est pas sans 

risque, puisqu’elle est associée parfois à un risque de dissection des bords de stent (29). 

Le lien de causalité entre les dissections, profondes (médianes et adventitielles) et le risque de 

revascularisation itérative de site cible d’une part  et l’infarctus de myocarde type 4 d’autre part s’est avéré 

positif.(30, 28,9). 
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B. Érosion de plaque, couverture optimale de la lésion par le stent, et dissections de 
bords de stent 

 

La majorité des syndromes coronarien aigus sont dus à une occlusion ou rétrécissement de la lumière de 

l’artère avec une thrombose complète ou partielle, qui provient, sur le plan physiopathologique, par ordre de 

fréquence, de la rupture de plaque (55-60%), l'érosion de la plaque (30-35%), et le nodule calcifié superficiel 

(2-7%).(15-18) L'érosion de plaques se traduit par un thrombus intra-luminal sans discontinuité de l’épaisse 

chape fibreuse, et cela est valable même dans les cas avec noyau nécrotique, bien qu'elle en soit le plus 

souvent dépourvue (31). De plus, par rapport à l'IVUS et à l'angiographie, la supériorité de l’OCT a été 

démontrée dans la détection de rupture ou érosion de plaque (14) 

L'érosion de plaque est une anomalie fréquemment retrouvée à l’l'OCT chez des patients atteints de SCA, en 

particulier chez ceux qui présentent un SCA-NSTEMI et chez les patients plus jeunes.(32). La sévérité de la 

sténose au niveau de l’artère coupable à la phase aigüe d’un SCA est moindre en cas d’érosion de plaque 

comparée à la rupture de plaque.(31)  

D’un point de vue histopathologique, le précurseur de l’érosion est souvent une plaque lipidique modérée 

avec remodelage négatif, une plaque fibroathéromateuse et cette érosion donne souvent un aspect presque 

normal à l’angiographie coronaire (33). Dans une étude menée chez cent vingt patients en phase aigüe de 

STEMI, bénéficiant d’une imagerie endocoronaire en phase aigüe, les auteurs ont rapporté que l’érosion de 

plaque a été retrouvée chez un quart des patients avait l’aspect d’une plaque fibreuse excentrique (34). 

Les résultats de notre étude corroborent  ces données de la littérature. En effet, les résultats de notre étude 

montrent que l’érosion de plaque pourrait être considérée comme étant un facteur de risque de dissection de 

bords de stent, secondaire à son aspect excentrique ou  au remodelage négatif de la paroi de l’artère lors de 

l’expansion et aux forces d’étirement au moment de l’angioplastie avec implantation de stent chez les 

patients présentant un SCA-NSTEMI.  

 

Notre étude a également montré qu’une couverture non optimale de la lésion était un facteur de risque de 

dissection des bords de stent après le premier run d’OCT. Un geste d’angioplastie complémentaire avec pose 
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de stent a été réalisé ayant permis une couverture complète des dissections, confirmée au contrôle OCT final 

(21). Cette donnée est certainement en accord avec le raisonnement logique qui veut que la couverture 

optimale de lésion puisse réduire le risque de dissection des bords. Ce résultat est en accord avec les études 

précédentes (35,36,14), ces études avait montré un effet protecteur liée la couverture optimale de lésion. 
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C. Asymétrie de l’artère coupable et dissection des bords de stent. 

Dans une étude précédente précédent, l’IVUS a pu identifier la dissection des bords dans 9,2% des 

implantations de DES et a montré que l'excentricité résiduelle des plaques et la symétrie des bords des stents 

prédisent les dissections des bords des stents coronaires (10).Dans une étude sur une cohorte à faible effectif 

bénéficiant d’OCT, il y avait une tendance d’une valeur supérieure de l’asymétrie axiale de stent (symétrie 

axiale = surface minimale de stent/ surface maximale de stent) chez les patients ayant une dissection du bord 

de stent (P = 0,0727), mais il n'y avait pas de différence significative de symétrie de stent (symétrie de stent= 

diamètre minimal de stent/diamètre maximal de stent aux deux extrémités de stent) (13). Dans une autre 

étude, à plus grand effectif bénéficiant d’OCT, l’excentricité de stent (la différence entre le diamètre 

maximal et le diamètre minimal de stent) et l’excentricité de lumière (la différence entre le diamètre 

maximal et le diamètre minimal de la lumière) étaient des prédicteurs indépendants pour les dissections 

détectées par l’OCT. Les patients avec dissection avaient un indice d’excentricité (de stent et de lumière), 

plus élevé après l’angioplastie avec implantation d’un stent (14). 

Dans notre étude chez les patients atteints de NST-ACS, nous avons constaté que les patients présentant une 

dissection du bord de stent pourraient avoir un indice de symétrie vasculaire plus élevé des deux extrémités 

(bords) de stent et un indice de symétrie de la lumière aux deux extrémités du vaisseau plus élevé avant 

l'implantation de stent. Un indice de symétrie de la lumière plus élevé pourrait être considéré comme un 

facteur de risque indépendant de dissection du bord de stent.  
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V. Conclusion  

 

La dissection des bords de stent est une complication fréquente et parfois grave de l’angioplastie coronaire. 

Elle est sous-estimée à l’angiographie coronaire et les nouvelles techniques de l’imagerie endocoronaire, 

l’OCT et l’IVUS, permettent une meilleure identification. Plusieurs facteurs prédictifs ont été identifiés 

comme : l’indice de la symétrie vasculaire, l’indice de symétrie de la lumière aux deux extrémités du 

vaisseau plus élevé avant l'implantation de stent. 

L’évolution au long terme est favorable dans la majorité des cas. 
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Iconographies 

Angiographie de la coronaire droite avec sténose subtotale au niveau de CD2 distale 
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A Image OCT avant l’angioplastie, vaisseau de référence, extrémité distale  
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Image OCT : Rupture de plaque 
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Rupture de plaque 
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Image OCT, l’asymétrie du vaisseau  
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Asymétrie 

L’asymétrie de la lumière avant le stenting 
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Image OCT asymétrie du vaisseau de référence  
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Vaisseau de référence 
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E Image OCT, érosion de plaque à proximité de dissection du bord au niveau de l’extrémité distale 
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Erosion de plaque 

Erosion de plaque à proximité de dissection 
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Angiographie de l’artère coronaire droite après stenting 
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Image OCT, asymétrie de la lumière au niveau de l’extrémité proximale de stent 
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Image OCT, dissection de bord de stent 
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A 2.0mm de stent 
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Image OCT : Erosion de plaque à proximité de dissection du bord de stent 

 

  

Erosion de plaque à proximité de dissection du bord  
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Erosion de plaque 
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5.2 Main conclusion and remarks 

 OCT findings before stenting showed that the group with dissection had significantly more 

intimal rupture (65.91% vs. 44.74%, P = 0.0365) and plaque erosion (79.55% vs. 50.00%, P = 

0.0018) than those in the group without dissection. 

 After stenting, the frequency of optimal covering of lesion was significantly higher in the group 

without dissection as compared to the group with dissection (89.47% vs.75%, P=0.0351). On 

the contrary, patients in the group with dissection presented a lower percentage of stent 

underexpansion (18.18% vs. 52.63, P = 0.0003).  

 Target vessels for stenting were more symmetric in the group without dissection than in the 

group with dissection.  

 Multivariate logistic regression analysis revealed that during OCT-guided PCI, plaque erosion, 

vessel asymmetry, non-optimal lesion coverage were risk factors for stent edge dissection in 

patients with non-ST-segment elevation ACS. 

 Conclusion: Utilization of OCT identifies predictors for patients with non-ST-segment elevation 

ACS, enabling risk stratification of patients who are at a higher risk of adverse outcomes. 
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6. General Discussion and Conclusion   
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According to the 2013 Guidelines from the European Society of Cardiology on the 

management of stable CAD, OCT can be used to further characterize the vessel lesions and 

improve stent deployment [121]. The 2014 European Society of Cardiology/ European Association 

for Cardiothoracic Surgery Guidelines on myocardial revascularization recommend the use of OCT 

to optimize stent implantation and assess the mechanisms of stent failure in selected patients 

[122]. Recently, according to the Society of Cardiovascular Angiography and Interventions 

Consensus Statement, OCT is “probably beneficial” for determination of optimal stent placement 

(sizing, apposition, and lack of edge dissection) and “possibly beneficial” for assessment of plaque 

morphology [123].  

Learning from previous randomized clinical studies, it may be stated that OCT can be used at 

different time points for different purposes during cardiac catheterization: (1) before PCI 

intervention to confirm the diagnosis of CAD and to identify the need for subsequent PCI; this 

technique appears particularly useful when the culprit lesion is unclear or the diagnosis is 

uncertain on CAG images, for example, angiographically intermediate lesions [124]; (2) during the 

PCI procedure to guide the intervention step by step; and (3) after PCI, to assess stent outcomes 

and to optimize the stent implantation if needed. As we mentioned before, PCI as an invasive 

procedure is associated with significant rates of post-procedural complications. Therefore, stent 

implantation should be optimized in the AMI setting to as much as possible improve short- and 

long-term clinical outcomes. OCT is considered to assist stent implantation by (1) identifying 

appropriate landing zones for stent placement; (2) providing accurate measurement of the detailed 

parameters of target vessels, such as length, width and tapering, lesion severity (particularly in 

NSTEMI); and (3) assessing stent deployment, such stent expansion, apposition, and residual 

stenosis [67, 125]. 
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OCT-guided angioplasty yield useful clinical information and modify physicians’ strategies 

There is currently no consensus on specific OCT criteria for optimal stent deployment. In the 

Centro per la Lotta contro I’Infarto-Optimisatio of Percutaneous Coronary Intervention (CLI-OPCI) 

study, several definitions were put forward for the assessment of stent deployment: (1) minimal 

stent area (MSA) >90% mean reference lumen area, (2) stent malapposition with a distance >200 

μm, (3) edge dissections with a width >200 μm, and (4) edge lumen narrowing with a lumen area 

<4 mm2 [66]. In the CLI-OPCI study, promising results were achieved with OCT guidance as 

compared with CAG. OCT disclosed unfavorable stent/lumen outcomes, including stent 

malapposition or underexpansion, edge dissection, lumen narrowing, thrombus, which resulted in 

the need of further stenting or additional balloon dilation in 35% of patients. At 1 year of follow-up, 

compared to the CAG guidance group, OCT guidance group had a significant lower incidence of 

cardiac death or myocardial infarction than the group without OCT guidance, (13.0% vs. 7%, P = 

0.01) as well as a lower adjusted risk of death and adverse cardiac events (OR 0.49, 95% CI 0.96 

vs. 0.25).  

To date, there are only few prospective, randomized trials assessing the role of OCT for 

guiding PCI. However, several reports have shown the potential of OCT to support its role in 

clinical decision-making in PCI, from which we can learn valuable lessons [66, 73, 111, 126, 127]. 

In previous studies, the feasibility of OCT to detect thrombus burden in selected ACS patients 

without stent placement had been examined. OCT was able to display lesion characteristics that 

were not disclosed by CAG and thus facilitated treatment decisions [128, 129]. In a pilot study of 

90 patients who undergone PCI, OCT findings led to additional interventions (balloon dilatation 

and stenting) in 32% of patients [73]. The short-term outcomes showed that the 6-month event-

free survival rate was 98%. In another study of 108 patients undergoing OCT-guided coronary 

stenting, OCT findings resulted in deferral of treatment in 19% of cases and further interventions in 

34% of patients [126]. In a series of 150 consecutive patients, pre-PCI OCT findings resulted in 

the modification of angiography-guided strategy in 82% of the patients, including one-half for the 
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angiographically planned stent length, one-quarter for stent diameters, and more than one-half for 

post-dilation balloon diameters [127]. Moreover, after PCI, OCT measurements also led to further 

interventions in 55% of the target vessels, mostly with additional balloon dilations or stent 

implantation to correct stent malapposition or dissections. In the ILUMIEN I study which enrolled 

418 patients, pre-PCI OCT images altered the procedure strategy in 55% of cases [130]. On 

completion of PCI, based on OCT imaging, further intervention was performed in 25% of cases, 

including 14.5% for malapposition, 7.6% for stent under-expansion and 2.7% for stent edge 

dissection. The DOCTORS study is a randomized, prospective, multicenter clinical trial, evaluating 

the utility of OCT for optimization of the stent and clinical results in patients with NSTE-ACS, 

beyond angiography alone [109]. This study randomized 240 NSTE-ACS patients to OCT-guided 

versus angiography-guided PCI intervention (n=120 each group). Post-procedure OCT imaging 

revealed higher sensitive for detection of under-expansion (42% vs. 11%), stent malapposition (32% 

vs. 0) and stent edge dissection (37.5% vs. 4%) in comparison to CAG alone. OCT findings 

altered procedural strategies in half of cases in the OCT group, leading to a significantly lower 

diameter stenosis at the end of PCI [111]. Post procedural FFR values were significantly higher in 

the OCT-guided group than in that with CAG alone (0.94±0.04 vs. 0.92±0.05, p=0.005). Although 

the OCT technique was associated with the use of more contrast and longer procedural time, 

there were no significant differences in the rates of acute kidney injury and overall procedural 

complications between both groups, suggesting that OCT did not increase periprocedural 

complications. In our study, we found that OCT performed before PCI was more sensitive than 

CAG for diagnosing thrombus, dissection, and calcification. After PCI, OCT was more sensitive 

than CAG for the diagnosis of thrombus, dissection, stent malapposition, intimal tissue protrusion, 

poor stent expansion, lesion coverage, and stent skeleton coverage bifurcation. OCT provided 

quantitative parameters of lesion and stent diameter, which were significantly different from those 

measured by CAG. Information provided by OCT detection indeed altered clinical strategies 

deemed necessary by the operators in nearly half of the patients, including thrombus aspiration, 
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administration of GP IIb/IIIa inhibitors, additional balloon inflations, additional stent implantations, 

avoiding stent implantation, collateral intervention, and guide-wire repositioning. These data 

suggested that OCT, both before and after PCI, may provide additional procedural information 

than angiography alone, possibly facilitating the optimization of stent implantation during PCI 

procedures. 

Taken together, preliminary data indicate that OCT can alter the operator’s intention-to-treat 

and modify the overall revascularization strategy, potentially avoiding unnecessary interventional 

procedures. However, data supporting the clinical utility of OCT-guided PCI remain scant, 

although the overall goal of the use of a new technique should aim at improving the outcome, at 

mid- and long-term. We will discuss this important point below.  

 

OCT optimizes the detection of coronary artery plaque rupture and stent edge dissection 

during PCI 

OCT has been increasingly used for identifying key morphology of plaque components that 

predict vulnerability and rupture, such as thin fibrous caps, high density of macrophages, and large 

necrotic cores [131]. A previous study explored the correlations between culprit plaque 

morphology and clinical outcomes, which showed that ruptured plaques more frequently caused 

STEMI than eroded or calcified plaques did [115]. Vergallo et al. carried out three-vessel OCT in 

38 patients with ACS because of either plaque rupture or plaque erosion [132]. They found that 

patients with ruptured culprit plaques might be at a higher risk of stent failure due to a higher 

burden and severity of atherosclerosis. However, the long-term incidence of adverse events 

remains undetermined. Thus, the identification of culprit lesion morphology by OCT detection 

facilitates risk stratification of patients and improve medical management of coronary disease.  

Although CAG remains the main routine examination used for identifying coronary plaque 

rupture and guiding the coronary intervention procedure, CAG can only vaguely display the 

outlines of the vessel walls through comparing images with and without contrast medium, and it 
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cannot clearly visualize the details of the intramural lesions of coronary arteries. Therefore, 

atypical coronary plaque ruptures can easily be misdiagnosed or overlooked through CAG 

examination. One of the main advantages of OCT is its unprecedented resolution, which enables 

accurate detection of plaque cap rupture and precise differentiation between ruptured plaques and 

those with intact fibrous caps [133, 134]. In a study, Kubo et al. compared the capacity of OCT, 

IVUS and coronary angioscopy in the assessment of culprit lesions in patients with AMI [117]. The 

results showed that OCT had a highest accuracy (73%, 23% and 100%, respectively) for detecting 

plaque rupture, plaque erosion and coronary thrombi in comparison to IVUS (40%, 0%, 33%, 

respectively) and coronary angioscopy (43%, 3%, 100%, respectively). In a cross-sectional study 

with patients treated with statins who had good lipid control, plaque rupture was detected by OCT 

in 39.6% of the patients with STEMI, among whom 35.4% with stable angina and 25% with 

unstable angina [135]. In our study, before PCI, a total of 101 coronary arteries were evaluated in 

97 patients. A significantly higher number of plaque ruptures or spontaneous dissections was 

detected by OCT than by CAG (12 %, vs. 4.0%). Ten OCT-detected plaque ruptures were found at 

the proximal shoulder of plaques, and 2 OCT-detected plaque ruptures were found at the distal 

shoulder, a difference that was significant. All OCT-detected plaque ruptures were limited to the 

intima. Among these patients, four patients with plaque rupture before PCI were implanted with a 

stent. These results suggest that OCT can clearly display coronary artery plaque rupture lesions 

before PCI, and guide the coronary intervention procedure.  

Most OCT studies define edge dissection if it occurs within the 5 mm regions adjacent to the 

stent borders. OCT is currently the only technology that can clearly display the microscopic 

structures of blood vessels in vivo nearly at the histological level. It may thereby be used for the 

accurate detection of edge dissection, since it can distinctly distinguish the position of the entrance 

and exit, quantify the length and thickness of the tearing intima; leading to the accurate 

assessment of the characteristics of edge dissection. On the basis of OCT appearance, Chamie et 

al. put forward the classification of edge dissection according to morphology (flap or cavity) and 
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depth of penetration (intimal, medial, or adventitial) [104]. Rates of edge dissection greatly vary 

depending on the imaging modality used for detection. Ann et al. compared the rates of stent edge 

dissection by using CAG, IVUS and OCT in 58 consecutive patients after stent implantation, and 

found that OCT had a highest sensitivity for detection of edge dissection (24%), compared to IVUS 

(4%) and CAG (3%) [136]. Another OCT study showed that the incidence of OCT-detected stent 

edge dissections was 37.8% in 249 treated lesions, although most of them (84%) were invisible on 

CAG. These dissections were located much more frequently at distal edges (67.9%) than at 

proximal edges [104]. Moreover, they found that vessel overstretching plays a significant role in 

distal edge dissection and that every 1% increase in the ratio of stent/lumen diameter resulted in a 

22% increase in its risk. In our study, we found that OCT could identify stent-related edge 

dissections that were not visible on angiography. A significantly higher number of dissections at 

the stent edges were detected by OCT (48/180) than by CAG (5/180). On OCT imaging, 28 stent 

edge dissections at 89 proximal edges of stents and 20 stent edge dissections at 91 distal edges 

of stents were identified. There seemed to a trend of higher occurrence of dissections at the 

proximal edge (32%) than at the distal edge (22.0%) of these stents.  

 

Utilization of OCT in the evaluation and risk factor identification of stent edge dissection 

Stent edge dissection may be associated with an increased risk of target lesion 

revascularization, type IVa myocardial infarction as well as short- and mid-term incidence of  stent 

thrombosis [49, 120, 137, 138]. It is important to identify risk factors of stent edge dissection and 

avoid them as much as possible during PCI procedures.  

Several studies have been conducted to assess incidence, predictors, morphology, and 

angiographic findings of edge dissections after stent implantation using different imaging 

techniques. Liu et al. used IVUS to assess incidence and predictors of edge dissections after drug-

eluting stent  implantation in 887 patients with 1,045 non–in-stent restenosis lesions in 977 native 

arteries. IVUS identified edge dissections after 9.2% of drug-eluting stent  implantations, among 
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which 51.2% involved the proximal and 48.8% the distal stent edge. Residual plaque eccentricity, 

lumen-to-stent-edge-area ratio, and stent edge symmetry predicted coronary stent edge 

dissections [51]. Another IVUS study showed that greater stent expansion and the presence of 

large, calcified, and/or attenuated plaques were independent predictors of stent edge dissection 

after drug-eluting stent implantation[108]. Recently, OCT has increasingly become a useful 

imaging modality for guiding PCI procedures. Chamie et al. identified several independent 

predictors of OCT-detected edge dissections, including presence of atherosclerotic plaque at stent 

edges, calcification angle, minimum fibrous cap thickness, thin-cap fibroatheromas, stent/lumen 

eccentricity, and vessel overstretching [104]. In another OCT study, the lumen eccentricity of the 

stent at its edges, the stent-edge-to-lumen-area-ratio and diseased vessel wall morphology of the 

reference segment adjacent to the stent edge were found to be independent risk factors for the 

presence of stent edge dissections in cardiovascular high-risk patients with type 2 diabetes, 

suggesting the importance of avoidance of longitudinal and transverse mismatch between stent 

and vessel in reducing the occurence of stent edge dissections[103]. Similarly in our study, we 

found plaque erosion, vessel asymmetry, non-optimal lesion coverage might be risks of stent edge 

dissection in patients with non-ST-segment elevation ACS.  Further study is required to confirm 

and extend these results. 

 

Unsolved questions 

Although OCT can clearly detect stent malapposition, stent edge dissection, and tissue 

protrusion inside a stent which may be undetectable by CAG alone, such findings detected only by 

OCT may not have apparent clinical significance. Surprisingly, a number of early studies based on 

angiographic evidence support minimal influence of small dissections on adverse outcomes [139, 

140]. Small stent edge dissections after stenting which are detectable only on OCT tend to be 

smaller during the follow-up, and most of them will resolve completely. Also, the rate of incomplete 

stent apposition spontaneously decreases with time when the stent-lumen gap is gradually filled 
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with neointima. Gutierrez-Chico et al. investigated the outcomes of incomplete stent apposition 

diagnosed by OCT throughout a 12-month follow-up [141]. Incomplete stent apposition resolved in 

all cases with strut-lumen distances < 270 μm and in 93% of cases with strut-lumen distances < 

400 μm. Similar outcomes were found in another clinical study involving 395 stent edges in 230 

patients. The results showed that small dissections, disclosed by OCT imaging, even left untreated, 

have a minimal impact on major adverse cardiac events at 12-month follow-up, if their longitudinal 

length ≤1.75 mm, flap depth ≤0.52 mm, flap opening ≤0.33 mm, without extending to the media 

[104]. De Cock et al. assessed the incidence of acute vessel injury after drug-eluting stent 

implantation in 62 lesions [142]. They used OCT to determine the healing response at 9 months. 

After PCI, OCT detected more edge dissections than angiography did, and only a proportion of 

these lesions were concomitantly visible on both CAG and OCT. Although acute edge dissections 

were found in 56% of patients, residual flap was visible only in one-third at follow-up. Among those 

acute findings after stenting only visible on OCT, most of them being superficial, small, and non-

flow-limiting, if left untreated, are benign [100, 142, 143]. Therefore, we may reasonably ask 

whether all post-procedural OCT findings, especially those invisible angiographically, necessarily 

require additional interventions. Currently, there is a lack of specific OCT criteria to be used for 

optimization of stent deployment and refinement of the decision-making process. 

 

Novel applications and future investigations 

A potential use of OCT regarding PCI planning is risk stratification. Previous OCT studies have 

linked lesion morphology with peri-procedural microvascular damage or myocardial infarction. 

OCT-derived TCFA is a predictor of peri-PCI complications. The presence of OCT-determined 

large lipid burden and TCFA was associated with microvascular obstruction or no-reflow after PCI 

in patients with ACS [144, 145] Lee et al. applied OCT to explore the relationship between pre-PCI 

plaque morphology and post-PCI cardiac troponin I elevation [146]. Based on OCT measurements, 

presence of TCFA was associated with post-PCI cardiac troponin I elevation, and it was found as 
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an independent predictor of post-PCI myocardial infarction (OR, 10.47). In addition, in-stent 

thrombus or dissection detected by OCT after PCI also predicted periprocedural myocardial 

infarction. In a study of Gutiérrez-Chico et al., incomplete stent appositions were categorized 

according to distinct morphological patterns of endothelial coverage, namely homogeneous, 

layered, crenellated, bridged, partially bridged, and bare [141]. They hypothesized that each 

pattern, appearing as different OCT images, was related to different pathological mechanisms, 

thereby stratifying risks according to the different patterns of incomplete stent apposition. These 

data clearly support the role of OCT imaging as a useful tool for risk stratification of PCI results.  

The intervention on complex coronary lesions demands special attention since they are related 

to high rates of acute and late stent failure. The usefulness of OCT in the guidance of complex 

coronary interventions, such as bifurcation, overlap, positioning of multiple scaffolds in diffuse 

disease, has been preliminarily evaluated [147-149]. Alegrı´a-Barrero et al. have analyzed the 

feasibility and effectiveness of OCT-guided stent re-crossing versus angiographic guidance [148]. 

The OCT-guided group showed a significantly lower incidence of malapposed stent struts, 

especially in the quadrants towards the side branch ostium (9.5 vs. 42%). However, further 

investigation of OCT versus other modalities in complex situations is needed. 

Despite clear advantages of OCT, OCT has its own disadvantages: the additional contrast 

injection, the lack of ostial lesion imaging, and low tissue penetration that impedes the 

quantification of plaque burden [16].  Future trends in intravascular OCT will include a combination 

or fusion of OCT with other modalities, for instance IVIU, into a common catheter to improve stent 

deployment. In a study conducted by Huang et al., the use of ultrasound was attempted to 

enhance the penetration depth of OCT [150]. In addition, to reduce misjudgment of the operator, a 

real-time point-to-point correspondence between the angiographic and OCT images has been 

developed [47, 151]. Integration of OCT into the PCI workflow provided better control of image 

acquisition and analysis, enabling the operator to reduce the risk of geographic mismatch and map 

optimal stent deployment [47, 152]. 
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Currently, the utilization of OCT allows us a better understanding of the pathophysiology of 

CAD, an accurate identification of vulnerable plaques, and facilitation of stent implantation, thereby 

improving our ability to more precisely treat our patients in a timely manner [27, 41]. But still, data 

linking the images and clinical outcomes are lacking. Whether OCT-guided PCI and subsequent 

treatment modification would translate into better moderate- and long-term outcomes compared 

with angiography alone or other modalities, especially in the contemporary era of new generation 

drug-eluting stents and bioresorbable vascular scaffold stents, as well as potent adjunct 

pharmacological treatment, remains to be proven with large, prospective, randomized clinical trials 

with hard clinical endpoints [153]. 

 

Limitation of the study 

Our studies have limitation. The study at the origin of the 1st 2 papers published on our results 

was conducted in a single-center with a relatively small sample size, despite of a prospective 

design. Further large-scale prospective, randomized studies are needed to reveal the clinical 

superiority of OCT-guided PCI against angiography alone. This was among the aim of the 3rd 

study, a prospective randomized trial. Whether OCT-guided PCI may actually improve the 

prognosis of CAD patients should be extensively investigated in the future on a large number of 

patients, i.e. multicenter in their design. Our studies did not encompass the mid-term/long-term 

follow-up of patients, and are thus unable to answer the crucial question of the clinical usefulness 

of the OCT procedure. Further studies should assess whether OCT-related changes in treatment 

strategies would actually be associated with improved clinical outcomes during long-term follow-up. 

 

Conclusion 

OCT imaging with its high resolution and ease of use seems promising in decision making 

during PCI procedures for the interventional cardiologist, including evaluating controversial plaque 

lesions, assessing stent implantation, and surveying stent-related vascular injury. OCT may detect 

plaque rupture missed by CAG and thoroughly examine stent edge dissections after PCI. OCT 
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also provided quantitative parameters of lesion and stent diameter, which were significantly 

different from those were measured by CAG alone. Thus, OCT has potential to assist clinicians 

throughout the stent implantation procedure, impacting on planned interventional strategy. In 

addition, during OCT-guided PCI, plaque erosion, vessel asymmetry, non-optimal lesion coverage 

might be risks of stent edge dissection in patients with non-ST-segment elevation ACS. Utilization 

of OCT enables risk stratification of patients who are at a higher risk of adverse outcomes by 

identification of risk predictors. However, routine clinical use of OCT will require establishment of 

standard definitions/criteria. Moreover, randomized trials are now warranted to assess whether 

OCT-guided PCI results in improved long-term clinical outcomes.   
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Résumé en français 

L’angiographie coronaire (CAG) est considérée comme la méthode diagnostique de référence 

pour la maladie coronarienne (CAD) et pour déterminer les stratégies thérapeutiques 

interventionnelles coronariennes (PCI) ; cependant, elle peut s’avérer impuissante à détecter 

certaines caractéristiques des lésions athéromateuses ou des relations vaisseau-stent. La 

tomographie en cohérence optique (OCT) possède des avantages en termes de résolution 

spatiale et de traitement des images en temps réel. Elle pourrait devenir un précieux outil pour 

une application de routine au diagnostic et à la stratégie thérapeutique. 

 

Dans une première étude, nous avons réalisé une étude comparative prospective chez 83 

patients, l’OCT étant réalisée avant stenting (OCT-pré) et/ou après stenting (OCT-post). Avant la 

PCI, l’OCT était plus sensible que la CAG pour diagnostiquer la présence de thrombus, de 

dissection et de calcification. Après PCI, l’OCT était plus sensible que la CAG pour diagnostiquer 

thrombus, dissection, malapposition du stent, protrusion de l’intima artérielle, sous-déploiement du 

stent, couverture de la lésion, et couverture de la bifucation par les mailles du stent. L’OCT 

apportait aussi des paramètres quantitatifs significativement différents de ceux mesurés par CAG. 

L’information apportée par l’OCT modifiait la prise en charge clinique chez 49% des patients, avec, 

au total  58 modifications de stratégie thérapeutique. L’OCT, avant et après la PCI, apporte donc à 

la procédure interventionnelle des données additionnelles par rapport à l’angiographie seule, et 

change les stratégies thérapeutiques chez environ la moitié des patients. 

 

Dans notre deuxième étude, nous avons recherché si l’OCT pouvait évaluer avec précision la 

rupture de plaque coronarienne avant stenting ou la dissection du bord de stent après stenting. Un 
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total de 112 patients avec CAD ont été inclus dans cette étude. Avant  PCI, 12 ruptures de plaque 

ont pu être détectées par l’OCT alors que la CAG n’en détectait que 4. Après PCI, une dissection 

du bord de stent a pu être détectée dans 48 cas par OCT et seulement 5 cas par CAG. Du fait de 

l’utilisation de l’OCT, 4 stents ont été déployés par-dessus la rupture de plaque et 13 stents 

implantés par-dessus les dissections du bord. L’OCT peut donc détecter des ruptures ignorées 

par la CAG et diagnostiquer avec précision les dissections du bord de stent après PCI, améliorant 

donc la procédure de stenting.   

 

Dans notre troisième étude, nous avons analysé les paramètres cliniques de 120 patients 

avec syndrome coronaire aigu (ACS) sans élévation du segment ST inclus dans l’Etude 

DOCTORS (un essai clinique randomisé, prospective, multicentrique, ouvert) et chez qui était 

réalisée une PCI guidée par l’OCT. Les patients étaient répartis entre un groupe avec dissection 

(n=46) et un groupe sans dissection (n=76). Les facteurs de risque de dissection du bord de stent 

ont été identifiés en utilisant une analyse en régression logistique multivariée, selon la méthode 

pas-à-pas ascendante de Wald. Les observations apportées par l’OCT avant le stenting ont 

montré que les patients avec dissection avaient plus souvent des ruptures intimales et des 

érosions de la plaque. Après stenting, la couverture optimale de la plaque et un déploiement 

correct du stent était plus fréquents dans le groupe sans dissection.  La dissection de bord du 

stent était quant à elle significativement associée à l’érosion de la plaque, au sous-déploiement du 

stent, à une couverture non optimale de la plaque, et à des anomalies du ‘reference vessel 

symmetry index’ (RVSI) distal et proximal. Au cours du stenting, l’érosion de la plaque et 

l’asymétrie vasculaire, et une couverture non optimale de la plaque, sont donc, dans notre étude, 

des facteurs prédictifs du risque de dissection du bord de stent chez les patients avec ACS sans 

élévation du segment ST. 
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En conclusion, l’imagerie par OCT est prometteuse comme support de la prise de décision au 

cours des procédures de PCI, pour évaluer les lésions athéromateuses, juger de la bonne 

implantation du stent, et dépister les lésions vasculaires dues au stent. L’OCT représente donc 

bien une aide potentielle pour le cardiologue interventionnel tout au long de la procédure de 

stenting, avec un impact certain sur la stratégie interventionnelle initialement programmée. De 

plus, l’OCT se révèle comme un nouvel outil pour prédire la dissection des bords de stent chez les 

patient avec ACS sans élévation du segment ST, rendant possible une stratification des patients 

quant à ce risque. Des essais cliniques randomisés sont maintenant nécessaires pour savoir si 

l’assistance par l’OCT pendant la procédure améliore le pronostic à long terme des patients après 

PCI. 
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Summary in English 

Although coronary angiography (CAG) has been considered the gold-standard diagnostic 

method for coronary artery disease (CAD) and is the basis for determining treatment strategies for 

percutaneous coronary intervention (PCI), it may fail to reflect some critical characteristics of 

atherosclerotic lesions or vessel-stent relationships. Intravascular optical coherence tomography 

(OCT) has advantages in terms of higher spatial resolution and real-time image processing. OCT 

can reliably visualize coronary artery morphology and microstructure, thereby presenting the 

potential to become a routine tool for diagnostic application and guidance of therapeutic 

interventions. 

 

In a first clinical research, we performed a comparative prospective study in 83 patients 

between CAG and OCT findings, after initial coronary angiography and before angioplasty (OCT-

pre) and/or after angioplasty (OCT-post). Compared with CAG, OCT was more sensitive for 

diagnosing thrombus, dissection, and calcification before PCI. After PCI, compared with CAG, 

OCT was more sensitive for diagnosing thrombus, dissection, stent malapposition, intimal tissue 

protrusion, suboptimal stent expansion, lesion coverage, and stent struts coverage bifurcation. 

OCT provided quantitative parameters of lesion and stent diameter, which were significantly 

different from those measured by CAG. This piece of information provided by OCT detection 

changed the clinical strategies in 49% of patients; in total there were 58 modifications of 

therapeutic strategy. These data showed that OCT, before and after PCI, provided additional 

procedural information to angiography alone and changed treatment strategies in approximately 

half of patients. 
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In our second clinical study, we investigated whether OCT can provide an accurate 

assessment of the coronary artery plaque rupture before stenting or edge dissection after stenting, 

and may subsequently provide guidance for optimizing the stenting procedure. A total of 112 

patients with CAD, who underwent OCT and CAG before and after PCI, were enrolled into the 

study. Before PCI, 12 plaque ruptures were detected by OCT and only 4 were detected by CAG. 

After PCI, edge dissections were OCT-detected in 48 cases and CAG-detected in 5. Because of 

OCT, 4 stents were deployed over the plaque ruptures, and 13 stents were implanted over edge 

dissections. Therefore, OCT may detect plaque ruptures missed by CAG and thoroughly examine 

stent edge dissections after PCI, which subsequently provides guidance for optimizing the PCI 

procedure. 

 

In our third clinical study, clinical parameters of 120 patients with non-ST-segment elevation 

acute coronary syndrome (ACS) undergoing OCT-guided PCI and included in the DOCTORS 

Study (a randomized, prospective, multicenter, open-label clinical trial) were analyzed. The 

patients were divided in a group with dissection (n = 46) and a group without dissection (n = 76). 

Risk factors for stent edge dissection under OCT-guided PCI were identified by multivariable 

logistic regression analysis using forward stepwise (Wald) method. OCT findings before stenting 

showed that the group with dissection had significantly more intimal rupture and plaque erosion 

than the group without dissection. After stenting, the frequency of optimal lesion coverage was 

significantly higher in the group without dissection. Patients in the group without dissection 

presented a lower percentage of stent underexpansion. Stent edge dissection was significantly 

correlated with plaque erosion, stent underexpansion, non-optimal lesion coverage, and RVSI 

abnormalities both at distal edge and at proximal edge. Therefore, during OCT-guided PCI, plaque 
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erosion, vessel asymmetry, and non-optimal lesion coverage, might be risks of stent edge 

dissection in patients with non-ST-segment elevation ACS. 

 

In conclusion, OCT imaging is promising in decision making during PCI procedures, including 

evaluating controversial plaque lesions, assessing stent implantation, and surveying stent-related 

vascular injury. Thus, OCT has potential to guide interventional cardiologists throughout the stent 

implantation procedure, impacting on planned interventional strategy. In addition, OCT is the most 

novel image technology to predict stent edge dissection for patients with non-ST-segment 

elevation ACS, enabling risk stratification of patients who are at a higher risk of this complication. 

Large-scale randomized trials are now warranted to assess whether OCT results and guidance 

during de procedure improve long-term clinical outcomes of PCIs. 

 

 

  



111 

 

 

 

 

 

 

 

 

 

List of personal publications on the subject 

of the thesis 

  



112 

List of publications related to the University thesis. 

1. Jianfeng HUANG, Salah NOURI, MD, Romain Chopard, MD, PhD, Geraud Souteyrand, MD, 

Pascal Motreff, MD, PhD, Christophe Caussin, MD, Nicolas Amabile, MD, Patrick Ohlmann, 

MD, PhD, Olivier Morel, MD, PhD, Yoann Lefrançois, MD, Vincent Descotes-Genon, MD, 

Johanne Silvain, MD, PhD, Eric Van Belle, MD, PhD, Loïc Belle, MD, François Schiele, MD, 

PhD, Nicolas MENEVEAU, Incidence of stent edge dissection under Optical Coherence 

Tomography in patients with Non–ST-Elevation Acute Coronary Syndrome (being prepared for 

publication).

2. Jianfeng HUANG, Kamal BELMADANI, Marion CHATOT, Fiona ECARNOT, Romain 

CHOPARD, Manhong WANG, Xu CAI,  Francois SCHIELE, Nicolas MENEVEAU, Identification 

of coronary artery dissection and guidance of treatment strategies by optical coherence 

tomography. International Journal of Clinical and Experimental Medicine 

2017;10(8):12150-12157

3. Jianfeng HUANG, Kamal BELMADANI, Marion CHATOT, Fiona ECARNOT, Romain 

CHOPARD, Manhong WANG, Xu CAI,  Francois SCHIELE, Nicolas MENEVEAU, Clinical 

significance of optical coherence tomography–guided angioplasty on treatment selection. 

Experimental and Therapeutic Medicine (in press, accepted for publication on November 17, 

2016).

4. B BONNET, Philoctimon PLASTARAS, Jianfeng HUANG, Marie France SÉRONDE，Romain 

CHOPARD, Prognostic impact of tissue protrusion after stenting in patients with acute coronary 

syndrome: an optical coherence tomography study, Archives of Cardiovascular Diseases 

Supplements,  2015, 7(1):8 

http://www.sciencedirect.com/science/article/pii/S0735109713601692
http://www.sciencedirect.com/science/article/pii/S0735109713601692
http://www.sciencedirect.com/science/article/pii/S0735109713601692
http://www.sciencedirect.com/science/article/pii/S0735109713601692
http://xueshu.baidu.com/s?wd=author%3A%28Benjamin%20Bonnet%29%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight%3Dperson
http://xueshu.baidu.com/s?wd=author%3A%28Philoktimon%20Plastaras%29%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight%3Dperson
http://xueshu.baidu.com/s?wd=author%3A%28Jianfeng%20Huang%29%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight%3Dperson
http://xueshu.baidu.com/s?wd=author%3A%28Marie%20France%20S%C3%A9ronde%29%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight%3Dperson
http://xueshu.baidu.com/s?wd=author%3A%28Romain%20Chopard%29%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight%3Dperson
http://xueshu.baidu.com/s?wd=author%3A%28Romain%20Chopard%29%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight%3Dperson
http://www.sciencedirect.com/science/journal/18786480
http://www.sciencedirect.com/science/journal/18786480


113 

 

 

 

List of the communications, with Huang JF as co-author, at scientific congresses and 
meetings, related to the University thesis:  

 

1. Does Optical Coherence Tomography-Guided Angioplasty Yield Useful Clinical Information 

and Modify Physician Strategy? TCT international congress 2012; October 22-26, 2012 in 

Miami, USA. 

2. Does Optical Coherence Tomography-Guided Angioplasty Yield Useful Clinical Information 

and Modify Physician Strategy? ACC congress 2013; March 9-11, 2013; San Francisco, USA. 

3. Does Optical Coherence Tomography-Guided Angioplasty Yield Useful Clinical Information 

and Modify Physician Strategy? ESC congress 2013; Aug 31 - Sep 04, 2013; Amsterdam, The 

Netherlands. 

4. Prognostic impact of tissue prolapse after stent implantation in patients with non-ST elevation 

acute coronary syndromes: an optical coherence tomography study. ESC, 2014; 30 Aug 30 - 

03 Sep 03 2014; Barcelona, Spain. 

 

 

 

 

 

 

 

 

 

 



114 

 

 

 

 

 

 

 

 

 

 

 

 

References 

 

 

 

  



115 

 

References 

1. Levine GN, B.E., Blankenship JC, Bailey SR, Bittl JA, Cercek B, Chambers CE, Ellis SG, Guyton RA, 

Hollenberg SM, Khot UN, Lange RA, Mauri L, Mehran R, Moussa ID, Mukherjee D, Nallamothu BK, 

Ting HH, 2011 ACCF/AHA/SCAI Guideline for Percutaneous Coronary Intervention: executive 

summary: a report of the American College of Cardiology Foundation/American Heart Association 

Task Force on Practice Guidelines and the Society for Cardiovascular Angiography and Interventions. 

Catheter Cardiovasc Interv, 2012. 79(3): p. 453-95. 

2. Regar E, L.J., Bruining N, van Soest G, The diagnostic value of intracoronary optical coherence 

tomography. Herz, 2011. 36(5): p. 417-29. 

3. Kranjec I, M.B., Legutko J, Dudek D, Optical coherence tomography: guided primary percutaneous 

coronary intervention in acute myocardial infarction. A bridge too far? Kardiol Pol, 2015. 73: p. 309-

16. 

4. Yamashita T, C.A., Tobis JM, Limitations of coronary angiography compared with intravascular 

ultrasound: implications for coronary interventions. Prog Cardiovasc Dis, 1999. 42(2): p. 91-138. 

5. Arnett EN, I.J., Redwood DR, Kent KM, Baker WP, Ackerstein H, Roberts WC, Coronary artery 

narrowing in coronary heart disease: comparison of cineangiographic and necropsy findings. Ann 

Intern Med, 1979. 91(3): p. 350-356. 

6. Glagov S, W.E., Zarins CK, Stankunavicius R, Kolettis GJ, Compensatory enlargement of human 

atherosclerotic coronary arteries. N Engl J Med, 1987. 316(22): p. 1371-5. 

7. Brown BG, B.E., Dodge HT, Arteriographic assessment of coronary atherosclerosis. Review of 

current methods, their limitations, and clinical applications. Arteriosclerosis, 1982. 2(1): p. 2-15. 

8. Tearney GJ, B.M., Bouma BE, Boppart SA, Pitris C, Southern JF, Fujimoto JG, In vivo endoscopic 

optical biopsy with optical coherence tomography. Science, 1997. 276(5321): p. 2037-9. 

9. Jang IK, T.G., MacNeill B, Takano M, Moselewski F, Iftima N, Shishkov M, Houser S, Aretz HT, 

Halpern EF, Bouma BE, In vivo characterization of coronary atherosclerotic plaque by use of optical 

coherence tomography. Circulation, 2005. 111(12): p. 1551-5. 



116 

 

10. Samir A, E.A., The role of intracoronary imaging in acute coronary syndromes: OCT in focus. Glob 

Cardiol Sci Pract, 2016. 2016(4): p. e201636. 

11. Yonetsu T, B.B., Kato K, Fujimoto JG, Jang IK, Optical coherence tomography– 15 years in 

cardiology. Circ J, 2013. 77(8): p. 1933-40. 

12. Prati F, J.M., Di Giorgio A, Rollins AM, Intracoronary optical coherence tomography, basic theory 

and image acquisition techniques. Int J Cardiovasc Imaging, 2011. 27(2): p. 251-8. 

13. Hamdan R, G.R., Ghostine S, Caussin C, Optical coherence tomography: from physical principles to 

clinical applications. Arch Cardiovasc Dis, 2012. 105(10): p. 529-34. 

14. Yamaguchi T, T.M., Akasaka T, Hayashi T, Mizuno K, Muramatsu T, Nakamura M, Nakamura S, 

Saito S, Takano M, Takayama T, Yoshikawa J, Suzuki T, Safety and feasibility of an intravascular 

optical coherence tomography image wire system in the clinical setting. Am J Cardiol, 2008. 101(5): 

p. 562-7. 

15. Bezerra HG, C.M., Guagliumi G, Rollins AM, Simon DI, Intracoronary optical coherence tomography: 

a comprehensive review clinical and research applications. JACC Cardiovasc Interv, 2009. 2(11): p. 

1035-46. 

16. Roleder T, J.J., Kałuża GL, Partyka Ł, Proniewska K, Pociask E, Zasada W, Wojakowski W, Gąsior Z, 

Dudek D, The basics of intravascular optical coherence tomography. Postepy Kardiol Interwencyjnej, 

2015. 11(2): p. 74-83. 

17. Abtahian F, J.I., Optical coherence tomography: basics, current application and future potential. 

Curr Opin Pharmacol, 2012. 12(5): p. 583-91. 

18. Ferrante G, P.P., Whitbourn R, Barlis P, Current applications of optical coherence tomography for 

coronary intervention. Int J Cardiol, 2013. 165(1): p. 7-16. 

19. Matthews SD, F.W., A Review of the Clinical Utility of Intravascular Ultrasound and Optical 

Coherence Tomography in the Assessment and Treatment of Coronary Artery Disease. Cardiol Rev, 

2017. 25(2): p. 68-76. 

20. Gonzalo N, S.P., García-García HM, van Soest G, Okamura T, Ligthart J, Knaapen M, Verheye S, 

Bruining N, Regar E, Quantitative ex vivo and in vivo comparison of lumen dimensions measured by 



117 

 

optical coherence tomography and intravascular ultrasound in human coronary arteries. Rev Esp 

Cardiol, 2009. 62(6): p. 615-24. 

21. Kubo T, A.T., Shite J, Suzuki T, Uemura S, Yu B, Kozuma K, Kitabata H, Shinke T, Habara M, Saito Y, 

Hou J, Suzuki N, Zhang S OCT compared with IVUS in a coronary lesion assessment: the OPUS-

CLASS study. JACC Cardiovasc Imaging, 2013. 6(10): p. 1095-1104. 

22. Tahara S, B.H., Baibars M, Kyono H, Wang W, Pokras S, Mehanna E, Petersen CL, Costa MA, In 

vitro validation of new Fourier-domain optical coherence tomography. EuroIntervention, 2011. 6(7): 

p. 875-82. 

23. Capodanno D, P.F., Pawlowsky T, Cera M, La Manna A, Albertucci M, Tamburino C, Comparison of 

optical coherence tomography and intravascular ultrasound for the assessment of in-stent tissue 

coverage after stent implantation. EuroIntervention, 2009. 5(5): p. 538-43. 

24. Okamura T, O.Y., Garcia-Garcia HM, van Geuns RJ, Wykrzykowska JJ, Schultz C, van der Giessen 

WJ, Ligthart J, Regar E, Serruys PW, First-in-man evaluation of intravascular optical frequency 

domain imaging (OFDI) of Terumo: a comparison with intravascular ultrasound and quantitative 

coronary angiography. EuroIntervention, 2011. 6(9): p. 1037-45. 

25. Ha FJ, G.J., Nerlekar N, Cameron JD, Meredith IT, West NEJ, Brown AJ, Optical Coherence 

Tomography Guided Percutaneous Coronary Intervention. Heart Lung Circ, 2017. 26(12): p. 1267-

1276. 

26. Yabushita H, B.B., Houser SL, Aretz HT, Jang IK, Schlendorf KH, Kauffman CR, Shishkov M, Kang 

DH, Halpern EF, Tearney GJ, Characterization of human atherosclerosis by optical coherence 

tomography. Circulation, 2002. 106(13): p. 1640-5. 

27. Akasaka T, K.T., Mizukoshi M, Tanaka A, Kitabata H, Tanimoto T, Imanishi T, Pathophysiology of 

acute coronary syndrome assessed by optical coherence tomography. J Cardiol, 2010. 56(1): p. 8-

14. 

28. Kume T, A.T., Kawamoto T, Watanabe N, Toyota E, Neishi Y, Sukmawan R, Sadahira Y, Yoshida K, 

Assessment of coronary artery plaque by optical coherence tomography: comparison. Am J Cardiol, 

2006. 97: p. 1172-5. 



118 

 

29. Wang Z, C.Y., Soeda T, Minami Y, Xing L, Jia H, Aguirre A, Vergallo R, Lee H, Fujimoto JG, Yu B, 

Jang IK, Three-dimensional morphological response of lipid-rich coronary plaques to statin therapy: 

a serial optical coherence tomography study. Coron Artery Dis, 2016. 27(5): p. 350-6. 

30. Matsuo Y, K.T., Akasaka T, The use of optical coherence tomography in acute coronary syndrome. 

Expert Rev Cardiovasc Ther, 2016. 14(5): p. 649-57. 

31. Schaar JA, M.J., Falk E, Virmani R, Fuster V, Serruys PW, Colombo A, Stefanadis C, Ward Casscells 

S, Moreno PR, Maseri A, van der Steen AF, Terminology for high-risk and vulnerable coronary artery 

plaques. Report of a meeting on the vulnerable plaque, June 17 and 18, 2003, Santorini, Greece. 

Eur Heart J, 2004. 25(12): p. 1077-82. 

32. Yonetsu T, L.T., Murai T, Suzuki M, Matsumura A, Hashimoto Y, Kakuta T, Plaque morphologies and 

the clinical prognosis of acute coronary syndrome caused by lesions with intact fibrous cap 

diagnosed by optical coherence tomography. Int J Cardiol, 2016. 203: p. 766-74. 

33. Vergallo R, U.S., Soeda T, Minami Y, Cho JM, Ong DS, Aguirre AD, Gao L, Biasucci LM, Crea F, Yu B, 

Lee H, Kim CJ, Jang IK, Prevalence and Predictors of Multiple Coronary Plaque Ruptures: In Vivo 3-

Vessel Optical Coherence Tomography Imaging Study. Arterioscler Thromb Vasc Biol, 2016. 36(11): 

p. 2229-2238. 

34. Tanaka A, I.T., Kitabata H, Kubo T, Takarada S, Tanimoto T, Kuroi A, Tsujioka H, Ikejima H, Ueno S, 

Kataiwa H, Okouchi K, Kashiwaghi M, Matsumoto H, Takemoto K, Nakamura N, Hirata K, Mizukoshi 

M, Akasaka T, Morphology of exertion-triggered plaque rupture in patients with acute coronary 

syndrome: an optical coherence tomography study. Circulation, 2008. 118(23): p. 2368-73. 

35. Toutouzas K, K.A., Riga M, Tsiamis E, Synetos A, Michelongona A, Papanikolaou A, Triantafyllou G, 

Tsioufis C, Stefanadis C, Optical coherence tomography assessment of the spatial distribution of 

culprit ruptured plaques and thin-cap fibroatheromas in acute coronary syndrome. EuroIntervention, 

2012. 8(4): p. 477-85. 

36. Toutouzas K, K.A., Tsiamis E, Riga M, Drakopoulou M, Synetos A, Papanikolaou A, Tsioufis C, 

Androulakis A, Stefanadi E, Tousoulis D, Stefanadis C, New insights by optical coherence 

tomography into the differences and similarities of culprit ruptured plaque morphology in non-ST-



119 

 

elevation myocardial infarction and ST-elevation myocardial infarction. Am Heart J, 2011. 161(6): p. 

1192-9. 

37. Ino Y, K.T., Tanaka A, Kuroi A, Tsujioka H, Ikejima H, Okouchi K, Kashiwagi M, Takarada S, 

Kitabata H, Tanimoto T, Komukai K, Ishibashi K, Kimura K, Hirata K, Mizukoshi M, Imanishi T, 

Akasaka T, Difference of culprit lesion morphologies between ST-segment elevation myocardial 

infarction and non-ST-segment elevation acute coronary syndrome: an optical coherence 

tomography study. JACC Cardiovasc Interv, 2011. 4(1): p. 76-82. 

38. De Rosa R, V.-N.M., Leistner DM, Reis SM, Thome CE, Boeckel JN, Fichtlscherer S, Zeiher AM, 

Coronary Atherosclerotic Plaque Characteristics and Cardiovascular Risk Factors - Insights From an 

Optical Coherence Tomography Study. Circ J, 2017. 81(8): p. 1165-1173. 

39. Amano H, K.M., Okubo R, Yabe T, Watanabe I, Saito D, Toda M, Ikeda T, Comparison of Coronary 

Intimal Plaques by Optical Coherence Tomography in Arteries With Versus Without Internal Running 

Vasa Vasorum. Am J Cardiol, 2017. 119(10): p. 1512-1517. 

40. Lee T, M.T., Isobe M, Kakuta T, Impact of coronary plaque morphology assessed by optical 

coherence tomography on cardiac troponin elevation in patients with non-ST segment elevation 

acute coronary syndrome. Catheter Cardiovasc Interv, 2017. 90(6): p. 905-914. 

41. Ali ZA, K.G.K., Maehara A, Shlofmitz RA, Ben-Yehuda O, Mintz GS, Stone GW, Intracoronary Optical 

Coherence Tomography 2018: Current Status and Future Directions. JACC Cardiovasc Interv, 2017. 

10(24): p. 2473-2487. 

42. Nammas W, L.J., Karanasos A, Witberg KT, Regar E, Optical coherence tomography for evaluation 

of coronary stents in vivo. Expert Rev Cardiovasc Ther, 2013. 11(5): p. 577-88. 

43. Kronmal RA, M.R., Detrano R, Shea S, Lima JA, Cushman M, Bild DE, Burke GL Risk factors for the 

progression of coronary artery calcification in asymptomatic subjects: results from the Multi-Ethnic 

Study of Atherosclerosis (MESA). Circulation, 2007. 115(21): p. 2722-30. 

44. Tian W, L.T., Minha S, Waksman R, Rational use of rotational atherectomy in calcified lesions in the 

drug-eluting stent era: Review of the evidence and current practice. Cardiovasc Revasc Med, 2015. 

16(2): p. 78-83. 



120 

 

45. Moussa I, E.S., Jones M, Kereiakes DJ, McMartin D, Rutherford B, Mehran R, Collins M, Leon MB, 

Popma JJ, Russell ME, Stone GW, Impact of coronary culprit lesion calcium in patients undergoing 

paclitaxel-eluting stent implantation (a TAXUS-IV sub study). Am J Cardiol, 2005. 96(9): p. 1242-7. 

46. Kume T, O.H., Kawamoto T, Yamada R, Miyamoto Y, Hayashida A, Watanabe N, Neishi Y, Sadahira 

Y, Akasaka T, Yoshida K, Assessment of the coronary calcification by optical coherence tomography. 

EuroIntervention, 2011. 6(6): p. 768-72. 

47. Shimamura K, G.G., Optical Coherence Tomography for Online Guidance of Complex Coronary 

Interventions. Circ J, 2016. 80(10): p. 2063-72. 

48. Hayat U, T.V., Ul Haq MA, Foin N, Jang IK, Barlis P, Optical coherence tomography to evaluate 

coronary stent implantation and complications. Coron Artery Dis, 2015. Suppl 1: p. e55-68. 

49. Choi SY, W.B., Maehara A, Lansky AJ, Guagliumi G, Brodie B, Kellett MA Jr, Dressler O, Parise H, 

Mehran R, Dangas GD, Mintz GS, Stone GW, Intravascular ultrasound findings of early stent 

thrombosis after primary percutaneous intervention in acute myocardial infarction: a Harmonizing 

Outcomes with Revascularization and Stents in Acute Myocardial Infarction (HORIZONS-AMI) 

substudy. Circ Cardiovasc Interv, 2011. 4(3): p. 239-47. 

50. Sheris SJ, C.M., Weissman NJ, Natural history of intravascular ultrasound-detected edge dissections 

from coronary stent deployment. Am Heart J, 2000. 139(pt 1): p. 59-63. 

51. Liu X, T.K., Maehara A, Mintz GS, Weisz G, Dangas GD, Lansky AJ, Kreps EM, Rabbani LE, Collins M, 

Stone GW, Moses JW, Mehran R, Leon MB, Intravascular ultrasound assessment of the incidence 

and predictors of edge dissections after drug-eluting stent implantation. JACC Cardiovasc Interv, 

2009. 2(10): p. 997-1004. 

52. Fujii K, C.S., Mintz GS, Yang YM, Moussa I, Weisz G, Dangas G, Mehran R, Lansky AJ, Kreps EM, 

Collins M, Stone GW, Moses JW, Leon MB, Stent underexpansion and residual reference segment 

stenosis are related to stent thrombosis after sirolimus-eluting stent implantation: an intravascular 

ultrasound study. J Am Coll Cardiol, 2005. 45(7): p. 995-8. 



121 

 

53. Guo J, C.Y., Tian F, Liu HB, Chen L, Sun ZJ, Ren YH, Jin QH, Liu CF, Han BS, Gai LY, Yang TS, 

Optical coherence tomography assessment of edge dissections after drug-eluting stent implantation 

in coronary artery. Chin Med J (Engl), 2012. 125(6): p. 1047-50. 

54. Antonsen L, T.P., Hansen HS, Junker A, Veien KT, Hansen KN, Hougaard M, Jensen LO, Optical 

coherence tomography assessment of incidence, morphological characteristics, and spontaneous 

healing course of edge dissections following percutaneous coronary intervention with stent 

implantation in patients with non-ST segment elevation myocardial infarction. Int J Cardiol, 2016. 

223: p. 466-474. 

55. Bouma BE, T.G., Yabushita H, Shishkov M, Kauffman CR, DeJoseph Gauthier D, MacNeill BD, 

Houser SL, Aretz HT, Halpern EF, Jang IK, Evaluation of intracoronary stenting by intravascular 

optical coherence tomography. Heart, 2003. 89(3): p. 317-20. 

56. Gonzalo N, S.P., Okamura T, Shen ZJ, Garcia-Garcia HM, Onuma Y, van Geuns RJ, Ligthart J, Regar 

E, Relation between plaque type and dissections at the edges after stent implantation: an optical 

coherence tomography study. Int J Cardiol, 2011. 150(2): p. 151-5. 

57. Gonzalo N, S.P., Okamura T, Shen ZJ, Onuma Y, Garcia-Garcia HM, Sarno G, Schultz C, van Geuns 

RJ, Ligthart J, Regar E, Optical coherence tomography assessment of the acute effects of stent 

implantation on the vessel wall: a systematic quantitative approach. Heart, 2009. 95(23): p. 1913-9. 

58. Tahara S, C.D., Baibars M, Alraies C, Costa M, Optical coherence tomography endpoints in stent 

clinical investigations: strut coverage. Int J Cardiovasc Imaging, 2011. 27(2): p. 271-87. 

59. Karjalainen P, P.T., Sia J, Nammas W, Neointimal Healing Evaluated by Optical Coherence 

Tomography after Drug-Eluting Absorbable Metal Scaffold Implantation in de novo Native Coronary 

Lesions: Rationale and Design of the Magmaris-OCT Study. Cardiology, 2017. 137(4): p. 225-230. 

60. Prati F, R.E., La Manna A, Burzotta F, Gatto L, Marco V, Fineschi M, Fabbiocchi F, Versaci F, Trani C, 

Tamburino C, Alfonso F, Mintz GS, Long-term consequences of optical coherence tomography 

findings during percutaneous coronary intervention: the centro per la lotta contro l'infarto - 

optimization of percutaneous coronary intervention (cli-opci) late study. EuroIntervention, 2018 Apr 

10. 



122 

 

61. Adriaenssens T, J.M., Godschalk TC, Malik N, Alfonso F, Xhepa E, De Cock D, Komukai K, Tada T, 

Cuesta J, Sirbu V, Feldman LN, Neumann FJ, Goodall AH, Heestermans T, Buysschaert I, Hlinomaz 

O, Belmans A, Desmet W, Ten Berg JM, Gershlick AH, Massberg S, Kastrati A, Guagliumi G, Byrne 

RA, Optical Coherence Tomography Findings in Patients With Coronary Stent Thrombosis: A Report 

of the PRESTIGE Consortium (Prevention of Late Stent Thrombosis by an Interdisciplinary Global 

European Effort). Circulation, 2017. 136(11): p. 1007-1021. 

62. Taniwaki M, R.M., Zaugg S, Amabile N, Garcia-Garcia HM, Yamaji K, Jørgensen E, Kelbæk H, Pilgrim 

T, Caussin C, Zanchin T, Veugeois A, Abildgaard U, Jüni P, Cook S, Koskinas KC, Windecker S, 

Räber L, Mechanisms of Very Late Drug-Eluting Stent Thrombosis Assessed by Optical Coherence 

Tomography. Circulation, 2016. 133(7): p. 650-60. 

63. Kim U, K.J., Kim JS, Lee JM, Son JW, Kim J, Ko YG, Choi D, Jang Y, The initial extent of 

malapposition in ST-elevation myocardial infarction treated with drug-eluting stent: the usefulness 

of optical coherence tomography. Yonsei Med J, 2010. 51(3): p. 332-8. 

64. Räber L, U.Y., Optical coherence tomography- vs. intravascular ultrasound-guided percutaneous 

coronary intervention. J Thorac Dis, 2017. 9(6): p. 1403-1408. 

65. Finn AV, J.M., Nakazawa G, Kolodgie F, Newell J, John MC, Gold HK, Virmani R, Pathological 

correlates of late drug-eluting stent thrombosis: strut coverage as a marker of endothelialization. 

Circulation, 2007. 115(18): p. 2435-41. 

66. Prati F, D.V.L., Biondi-Zoccai G, Occhipinti M, La Manna A, Tamburino C, Burzotta F, Trani C, Porto I, 

Ramazzotti V, Imola F, Manzoli A, Materia L, Cremonesi A, Albertucci M, Angiography alone versus 

angiography plus optical coherence tomography to guide decision-making during percutaneous 

coronary intervention: the Centro per la Lotta contro l'Infarto-Optimisation of Percutaneous 

Coronary Intervention (CLI-OPCI) study. EuroIntervention, 2012. 8(7): p. 823-9. 

67. Bernelli C, S.V., Guagliumi G, Percutaneous Coronary Intervention Planning and Optimization with 

Optical Coherence Tomography. Interv Cardiol Clin, 2015. 4(3): p. 251-284. 

68. Nagoshi R, O.T., Murasato Y, Fujimura T, Yamawaki M, Ono S, Serikawa T, Hikichi Y, Nakao F, 

Sakamoto T, Shinke T, Kijima Y, Kozuki A, Shibata H, Shite J, Feasibility and usefulness of three-



123 

 

dimensional optical coherence tomography guidance for optimal side branch treatment in coronary 

bifurcation stenting. Int J Cardiol, 2018. 250: p. 270-274. 

69. Wolfrum M, D.M.G., Banning AP, Optical coherence tomography to guide percutaneous treatment of 

coronary bifurcation disease. Expert Rev Cardiovasc Ther, 2017. 15(9): p. 705-713. 

70. Barlis P, G.N., Di Mario C, Prati F, Buellesfeld L, Rieber J, Dalby MC, Ferrante G, Cera M, Grube E, 

Serruys PW, Regar E, A multicentre evaluation of the safety of intracoronary optical coherence 

tomography. EuroIntervention, 2009. 5(1): p. 90-5. 

71. Yu H, M.L., Feng K, Chen H, Hu H, Clinical Application of Optical Coherence Tomography in Patients 

with Non-ST-Elevation Acute Coronary Syndrome Combined with Intermediate Lesions. Heart Surg 

Forum, 2017. 20(1): p. E032-E037. 

72. Prati F, C.M., Ramazzotti V, Imola F, Giudice R, Albertucci M, Safety and feasibility of a new non-

occlusive technique for facilitated intracoronary optical coherence tomography (OCT) acquisition in 

various clinical and anatomical scenarios. EuroIntervention, 2007. 3(3): p. 365-70. 

73. Imola F, M.M., Ramazzotti V, Manzoli A, Pappalardo A, Di Giorgio A, Albertucci M, Prati F Safety and 

feasibility of frequency domain optical coherence tomography to guide decision making in 

percutaneous coronary intervention. EuroIntervention, 2010. 6(5): p. 575-81. 

74. Suzuki Y, I.F., Koizumi T, Tio F, Yeung AC, Yock PG, Fitzgerald PJ, Fearon WF In vivo comparison 

between optical coherence tomography and intravascular ultrasound for detecting small degrees of 

in-stent neointima after stent implantation. JACC Cardiovasc Interv, 2008. 1(2): p. 168-73. 

75. Prati F, C.M., Ramazzotti V, Imola F, Giudice R, Giudice M, De Propris S, Albertucci M, From bench 

to bed side: a novel technique to acquire OCT images. Circ J 2008. 72: p. 839–843. 

76. Kubo T, S.T., Okamura T, Hibi K, Nakazawa G, Morino Y, Shite J, Ino Y, Kitabata H, Shimokawa T, 

Akasaka T, Comparison between Optical COherence tomography guidance and Angiography 

guidance in percutaneous coronary intervention (COCOA): Study protocol for a randomized 

controlled trial. J Cardiol, 2018 Feb 24. 

77. Jia H, K.T., Akasaka T, Yu B, Optical Coherence Tomography Guidance in Management of Acute 

Coronary Syndrome Caused by Plaque Erosion. Circ J, 2018. 82(2): p. 302-308. 



124 

 

78. Kobayashi N, T.M., Tsurumi M, Shibata Y, Nishigoori S, Uchiyama S, Okazaki H, Shirakabe A, Seino 

Y, Hata N, Shimizu W, Features and Outcomes of Patients with Calcified Nodules at Culprit Lesions 

of Acute Coronary Syndrome: An Optical Coherence Tomography Study. Cardiology, 2018. 139(2): 

p. 90-100. 

79. Xie Z, D.N., Sun R, Liu X, Gu X, Sun Y, Du H, Dai J, Liu Y, Hou J, Tian J, Yu B, Relation between 

baseline plaque features and subsequent coronary artery remodeling determined by optical 

coherence tomography and intravascular ultrasound. Oncotarget, 2017. 8(3): p. 4234-4244. 

80. Kuku KO, E.E., Azizi V, Melaku G, Bui A, Meirovich YF, Dheendsa A, Beyene S, Hideo-Kajita A, 

Lipinski MJ, Waksman R, Garcia-Garcia HM, Optical coherence tomography-guided percutaneous 

coronary intervention compared with other imaging guidance: a meta-analysis. Int J Cardiovasc 

Imaging, 2018. 34(4): p. 503-513. 

81. Seike F, U.T., Nishimura K, Kawakami H, Higashi H, Aono J, Nagai T, Inoue K, Suzuki J, Kawakami 

H, Okura T, Yasuda K, Higaki J, Ikeda S, Intracoronary Optical Coherence Tomography-Derived 

Virtual Fractional Flow Reserve for the Assessment of Coronary Artery Disease. Am J Cardiol, 2017. 

120(10): p. 1772-1779. 

82. D'Ascenzo F, I.M., De Filippo O, Leone AM, Niccoli G, Zilio F, Ugo F, Cerrato E, Fineschi M, Mancone 

M, Rigattieri S, Amabile N, Ferlini M, Sardella G, Cresti A, Barbero U, Motreff P, Colombo F, 

Colangelo S, Garbo R, Biondi-Zoccai G, Tamburino C, Montefusco A, Omedè P, Moretti C1, D'amico 

M, Souteyrand G, Gaita F, Limbruno U, Picchi A, Optical coherence tomography compared with 

fractional flow reserve guided approach in acute coronary syndromes: A propensity matched 

analysis. Int J Cardiol, 2017. 244: p. 54-58. 

83. Sheth TN, K.O., Lavi S, Bhindi R, Cantor WJ, Cheema AN, Stankovic G, Niemelä K, Natarajan MK, 

Shestakovska O, Tittarelli R, Meeks B, Jolly SS, Optical Coherence Tomography-Guided 

Percutaneous Coronary Intervention in ST-Segment-Elevation Myocardial Infarction: A Prospective 

Propensity-Matched Cohort of the Thrombectomy Versus Percutaneous Coronary Intervention Alone 

Trial. Circ Cardiovasc Interv, 2016. 9(4): p. e003414. 



125 

 

84. Ali ZA, M.A., Généreux P, Shlofmitz RA, Fabbiocchi F, Nazif TM, Guagliumi G, Meraj PM, Alfonso F, 

Samady H, Akasaka T, Carlson EB, Leesar MA, Matsumura M, Ozan MO, Mintz GS, Ben-Yehuda O, 

Stone GW, Optical coherence tomography compared with intravascular ultrasound and with 

angiography to guide coronary stent implantation (ILUMIEN III: OPTIMIZE PCI): a randomised 

controlled trial. Lancet, 2016. 388(10060): p. 2618-2628. 

85. M, N., Angiography is the gold standard and objective evidence of myocardial ischemia is 

mandatory if lesion severity is questionable. Indication of PCI for angiographically significant 

coronary artery stenosis without objective evidence of myocardial ischemia Circ J, 2011. 75(1): p. 

204-10. 

86. Raffel OC, M.F., Tearney GJ, Chia S, Gauthier DD, Pomerantsev E, Mizuno K, Bouma BE, Jang IK, In 

vivo association between positive coronary artery remodelling and coronary plaque characteristics 

assessed by intravascular optical coherence tomography. Eur Heart J, 2008. 29(14): p. 1721-8. 

87. Kubo T, A.T., Recent advances in intracoronary imaging techniques: focus on optical coherence 

tomography. Expert Rev Med Devices, 2008. 5(6): p. 691-7. 

88. McCabe JM, C.K., Optical coherence tomography. Circulation, 2012. 126(17): p. 2140-3. 

89. Herrero-Garibi J, C.-G.I., Parejo-Díaz P, Jang IK, Optical coherence tomography: its value in 

intravascular diagnosis today. Rev Esp Cardiol, 2010. 63(8): p. 951-62. 

90. Barlis P, S.J., Current and future developments in intracoronary optical coherence tomography 

imaging. EuroIntervention, 2009. 4(4): p. 529-33. 

91. Takarada S, I.T., Liu Y, Ikejima H, Tsujioka H, Kuroi A, Ishibashi K, Komukai K, Tanimoto T, Ino Y, 

Kitabata H, Kubo T, Nakamura N, Hirata K, Tanaka A, Mizukoshi M, Akasaka T, Advantage of next-

generation frequency-domain optical coherence tomography compared with conventional time-

domain system in the assessment of coronary lesion. Catheter Cardiovasc Interv, 2010. 75(2): p. 

202-6. 

92. Lipinski MJ, F.W., Froelicher VF, Vetrovec GW, The current and future role of percutaneous 

coronary intervention in patients with coronary artery disease. J Interv Cardiol, 2004. 17(5): p. 

283-94. 



126 

 

93. Ben-Dor I, M.M., Pichard AD, Satler LF, Waksman R, Optical coherence tomography: a new imaging 

modality for plaque characterization and stent implantation. J Interv Cardiol, 2011. 24(2): p. 184-

92. 

94. Prati F, R.E., Mintz GS, Arbustini E, Di Mario C, Jang IK, Akasaka T, Costa M, Guagliumi G, Grube E, 

Ozaki Y, Pinto F, Serruys PW., Expert review document on methodology, terminology, and clinical 

applications of optical coherence tomography: physical principles, methodology of image acquisition, 

and clinical application for assessment of coronary arteries and atherosclerosis. Eur Heart J, 2010. 

31(4): p. 401-15. 

95. Kubo T, T.A., Kitabata H, Ino Y, Tanimoto T, Akasaka T, Application of optical coherence 

tomography in percutaneous coronary intervention. Circ J, 2012. 76(9): p. 2076-83. 

96. Davies MJ, T.A., Thrombosis and acute coronary-artery lesions in sudden cardiac ischemic death. N 

Engl J Med, 1984. 310(18): p. 1137-40. 

97. Nissen SE, Y.P., Intravascular ultrasound: novel pathophysiological insights and current clinical 

applications. Circulation, 2001. 103(4): p. 604-16. 

98. Rioufol G, F.G., Ginon I, André-Fouët X, Rossi R, Vialle E, Desjoyaux E, Convert G, Huret JF, Tabib A, 

Multiple atherosclerotic plaque rupture in acute coronary syndrome: a three-vessel intravascular 

ultrasound study. Circulation, 2002. 106(7): p. 804-8. 

99. Rathod KS, H.S., Jones DA, Mathur A, Intravascular Ultrasound Versus Optical Coherence 

Tomography for Coronary Artery Imaging - Apples and Oranges? Interv Cardiol, 2015. 10(1): p. 8-

15. 

100. Kume T, O.H., Miyamoto Y, Yamada R, Saito K, Tamada T, Koyama T, Neishi Y, Hayashida A, 

Kawamoto T, Yoshida K, Natural history of stent edge dissection, tissue protrusion and incomplete 

stent apposition detectable only on optical coherence tomography after stent implantation-

preliminary observation. Circ J, 2012. 76(3): p. 698-703. 

101. Rogers JH, L.J., Coronary artery dissection and perforation complicating percutaneous coronary 

intervention. J Invasive Cardiol, 2004. 16(9): p. 493-9. 



127 

 

102. Biondi-Zoccai GG, A.P., Sangiorgi GM, Airoldi F, Cosgrave J, Chieffo A, Barbagallo R, Tamburino C, 

Vittori G, Falchetti E, Margheri M, Briguori C,Remigi E, Iakovou I, Colombo A, Incidence, predictors, 

and outcomes of coronary dissections left untreated after drug-eluting stent implantation. Eur Heart 

J, 2006. 27(5): p. 540-6. 

103. Reith S, B.S., Jaskolka A, Lehmacher W, Hoffmann R, Marx N, Burgmaier M, Predictors and 

incidence of stent edge dissections in patients with type 2 diabetes as determined by optical 

coherence tomography. Int J Cardiovasc Imaging, 2013. 29(6): p. 1237-47. 

104. Chamié D, B.H., Attizzani GF, Yamamoto H, Kanaya T, Stefano GT, Fujino Y, Mehanna E, Wang W, 

Abdul-Aziz A, Dias M, Simon DI, Costa MA, Incidence, predictors, morphological characteristics, and 

clinical outcomes of stent edge dissections detected by optical coherence tomography. JACC 

Cardiovasc Interv, 2013. 6(8): p. 800-13. 

105. Kubo T, I.T., Kitabata H, Kuroi A, Ueno S, Yamano T, Tanimoto T, Matsuo Y, Masho T, Takarada S, 

Tanaka A, Nakamura N, Mizukoshi M, Tomobuchi Y, Akasaka T, Optical coherence tomography 

study between patients with unstable and stable angina pectoris: A serial optical comparison of 

vascular response after sirolimus-eluting stent implantation. J Am Coll Cardiol Img, 2008. 1: p. 475–

484. 

106. Radu MD, R.a.L., Heo J, Gogas BD, Jørgensen E, Kelbæk H, Muramatsu T, Farooq V, Helqvist S, 

Garcia-Garcia HM, Windecker S, Saunam€aki K, Serruys PW, Natural history of optical coherence 

tomography-detected non-flow-limiting edge dissections following drug-eluting stent implantation. 

Eurointervention, 2014. 9: p. 1085–1094. 

107. Sharma SK, I.D., Kamean JL, Bodian CA, Ambrose JA, Clinical, angiographic, and procedural 

determinants of major and minor coronary dissection during angioplasty. Am Heart J, 1993. 126: p. 

39–47. 

108. Kobayashi N, M.G., Witzenbichler B, Metzger DC, Rinaldi MJ, Duffy PL, Weisz G, Stuckey TD, Brodie 

BR, Parvataneni R, Kirtane AJ, Stone GW, Maehara A, Prevalence, Features, and Prognostic 

Importance of Edge Dissection After Drug-Eluting Stent Implantation: An ADAPT-DES Intravascular 

Ultrasound Substudy. Circ Cardiovasc Interv, 2016. 9(7): p. e003553. 



128 

 

109. Meneveau N, E.F., Souteyrand G, Motreff P, Caussin C, Van Belle E, Ohlmann P, Morel O, 

Grentzinger A, Angioi M, Chopard R, Schiele F, Does optical coherence tomography optimize results 

of stenting?Rationale and study design. Am Heart J, 2014. 168(2): p. 175-81. 

110. Fischman DL, S.M., Leon MB, Schatz RA, Ellis SG, Cleman MW, Teirstein P, Walker CM, Bailey S, 

Hirshfeld JW Jr, Effect of intracoronary stenting on intimal dissection after balloon angioplasty: 

results of quantitative and qualitative coronary analysis. J Am Coll Cardiol, 1991. 18(6): p. 1445-51. 

111. Meneveau N, S.G., Motreff P, Caussin C, Amabile N, Ohlmann P, Morel O, Lefrançois Y, Descotes-

Genon V, Silvain J, Braik N, Chopard R, Chatot M, Ecarnot F, Tauzin H, Van Belle E, Belle L, Schiele 

F, Optical Coherence Tomography to Optimize Results of Percutaneous Coronary Intervention in 

Patients with Non-ST-Elevation Acute Coronary Syndrome: Results of the Multicenter, Randomized 

DOCTORS Study (Does Optical Coherence Tomography Optimize Results of Stenting). Circulation, 

2016. 134(13): p. 906-17. 

112. Tearney GJ, R.E., Akasaka T, Adriaenssens T, Barlis P, Bezerra HG, Bouma B, Bruining N, Cho JM, 

Chowdhary S, Costa MA, de Silva R, Dijkstra J, Di Mario C, Dudek D, Falk E, Feldman MD, Fitzgerald 

P, Garcia-Garcia HM, Gonzalo N, Granada JF, Guagliumi G, Holm NR, Honda Y, Ikeno F, Kawasaki M, 

Kochman J, Koltowski L, Kubo T, Kume T, Kyono H, Lam CC, Lamouche G, Lee DP, Leon MB, 

Maehara A, Manfrini O, Mintz GS, Mizuno K, Morel MA, Nadkarni S, Okura H, Otake H, Pietrasik A, 

Prati F, Räber L, Radu MD, Rieber J, Riga M, Rollins A, Rosenberg M, Sirbu V, Serruys PW, Shimada 

K, Shinke T, Shite J, Siegel E, Sonoda S, Suter M, Takarada S, Tanaka A, Terashima M, Thim T, 

Uemura S, Ughi GJ, van Beusekom HM, van der Steen AF, van Es GA, van Soest G, Virmani R, 

Waxman S, Weissman NJ, Weisz G, Consensus standards for acquisition, measurement, and 

reporting of intravascular optical coherence tomography studies: a report from the International 

Working Group for Intravascular Optical Coherence Tomography Standardization and Validation. J 

Am Coll Cardiol, 2012. 59(12): p. 1058-72. 

113. Mintz GS, N.S., Anderson WD, Bailey SR, Erbel R, Fitzgerald PJ, Pinto FJ, Rosenfield K, Siegel RJ, 

Tuzcu EM, Yock PG, American College of Cardiology Clinical Expert Consensus Document on 

Standards for Acquisition, Measurement and Reporting of Intravascular Ultrasound Studies (IVUS). 



129 

 

A report of the American College of Cardiology Task Force on Clinical Expert Consensus Documents. 

J Am Coll Cardiol, 2001. 37(5): p. 1478-92. 

114. Mintz GS, G.-G.H., Nicholls SJ, Weissman NJ, Bruining N, Crowe T, Tardif JC, Serruys PW, Clinical 

expert consensus document on standards for acquisition, measurement and reporting of 

intravascular ultrasound regression/progression studies. EuroIntervention, 2011. 6(9): p. 1123-30. 

115. Jia H, A.F., Aguirre AD, Lee S, Chia S, Lowe H, Kato K, Yonetsu T, Vergallo R, Hu S, Tian J, Lee H, 

Park SJ, Jang YS, Raffel OC, Mizuno K, Uemura S, Itoh T, Kakuta T, Choi SY, Dauerman HL, Prasad 

A, Toma C, McNulty I, Zhang S, Yu B, Fuster V, Narula J, Virmani R, Jang IK, In vivo diagnosis of 

plaque erosion and calcified nodule in patients with acute coronary syndrome by intravascular 

optical coherence tomography. J Am Coll Cardiol, 2013. 62(19): p. 1748-58. 

116. Kwon JE, L.W., Mintz GS, Hong YJ, Lee SY, Kim KS, Hahn JY, Kumar KS, Won H, Hyeon SH, Shin SY, 

Lee KJ, Kim TH, Kim CJ, Kim SW, Multimodality Intravascular Imaging Assessment of Plaque 

Erosion versus Plaque Rupture in Patients with Acute Coronary Syndrome. Korean Circ J 2016. 

46(4): p. 499-506. 

117. Kubo T, I.T., Takarada S, Kuroi A, Ueno S, Yamano T, Tanimoto T, Matsuo Y, Masho T, Kitabata H, 

Tsuda K, Tomobuchi Y, Akasaka T, Assessment of culprit lesion morphology in acute myocardial 

infarction: ability of optical coherence tomography compared with intravascular ultrasound and 

coronary angioscopy. J Am Coll Cardiol, 2007. 50(10): p. 933-9. 

118. Kubo T, I.T., Kashiwagi M, Ikejima H, Tsujioka H, Kuroi A, Ishibashi K, Komukai K, Tanimoto T, Ino 

Y, Kitabata H, Takarada S, Tanaka A, Mizukoshi M, Akasaka T, Multiple coronary lesion instability in 

patients with acute myocardial infarction as determined by optical coherence tomography. Am J 

Cardiol, 2010. 105(3): p. 318-22. 

119. Tanaka A, I.T., Kitabata H, Kubo T, Takarada S, Kataiwa H, Kuroi A, Tsujioka H, Tanimoto T, 

Nakamura N, Mizukoshi M, Hirata K, Akasaka T, Distribution and frequency of thin-capped 

fibroatheromas and ruptured plaques in the entire culprit coronary artery in patients with acute 

coronary syndrome as determined by optical coherence tomography. Am J Cardiol, 2008. 102(8): p. 

975-9. 



130 

 

120. Prati F, R.E., Burzotta F, Limbruno U, Gatto L, La Manna A, Versaci F, Marco V, Di Vito L, Imola F, 

Paoletti G, Trani C, Tamburino C, Tavazzi L, Mintz GS, Clinical Impact of OCT Findings During PCI: 

The CLI-OPCI II Study. JACC Cardiovasc Imaging 2015. 8(11): p. 1297-305. 

121. Montalescot G, S.U., Achenbach S, Andreotti F, Arden C, Budaj A, Bugiardini R, Crea F, Cuisset T, Di 

Mario C, Ferreira JR, Gersh BJ, Gitt AK, Hulot JS, Marx N, Opie LH, Pfisterer M, Prescott E, 

Ruschitzka F, Sabaté M, Senior R, Taggart DP, van der Wall EE, Vrints CJ; ESC Committee for 

Practice Guidelines, Zamorano JL, Achenbach S, Baumgartner H, Bax JJ, Bueno H, Dean V, Deaton 

C, Erol C, Fagard R, Ferrari R, Hasdai D, Hoes AW, Kirchhof P, Knuuti J, Kolh P, Lancellotti P, Linhart 

A, Nihoyannopoulos P, Piepoli MF, Ponikowski P, Sirnes PA, Tamargo JL, Tendera M, Torbicki A, 

Wijns W, Windecker S; Document Reviewers, Knuuti J, Valgimigli M, Bueno H, Claeys MJ, Donner-

Banzhoff N, Erol C, Frank H, Funck-Brentano C, Gaemperli O, Gonzalez-Juanatey JR, Hamilos M, 

Hasdai D, Husted S, James SK, Kervinen K, Kolh P, Kristensen SD, Lancellotti P, Maggioni AP, Piepoli 

MF, Pries AR, Romeo F, Rydén L, Simoons ML, Sirnes PA, Steg PG, Timmis A, Wijns W, Windecker S, 

Yildirir A, Zamorano JL, 2013 ESC guidelines on the management of stable coronary artery disease: 

the Task Force on the management of stable coronary artery disease of the European Society of 

Cardiology. Eur Heart J, 2013. 34(38): p. 2949-3003. 

122. Windecker S, K.P., Alfonso F, Collet JP, Cremer J, Falk V, Filippatos G, Hamm C, Head SJ, Jüni P, 

Kappetein AP, Kastrati A, Knuuti J, Landmesser U, Laufer G, Neumann FJ, Richter DJ, Schauerte P, 

Sousa Uva M, Stefanini GG, Taggart DP, Torracca L, Valgimigli M, Wijns W, Witkowski A. ), 2014 

ESC/EACTS Guidelines on myocardial revascularization: The Task Force on Myocardial 

Revascularization of the European Society of Cardiology (ESC) and the European Association for 

Cardio-Thoracic Surgery (EACTS)Developed with the special contribution of the European 

Association of Percutaneous Cardiovascular Interventions (EAPCI). Eur Heart J, 2014. 35(37): p. 

2541-619. 

123. Lotfi A, J.A., Fearon WF, Feldman MD, Mehran R, Messenger JC, Grines CL, Dean LS, Kern MJ, Klein 

LW, Expert consensus statement on the use of fractional flow reserve, intravascular ultrasound, and 



131 

 

optical coherence tomography: a consensus statement of the Society of Cardiovascular Angiography 

and Interventions. Catheter Cardiovasc Interv, 2014. 83(4): p. 509-18. 

124. Vignali L, S.E., Emanuele E, Research and clinical applications of optical coherence tomography in 

invasive cardiology: a review. Curr Cardiol Rev, 2014. 10(4): p. 369-76. 

125. Maehara A, M.M., Mintz GS, Assessment and Quantitation of Stent Results by Intracoronary Optical 

Coherence Tomography. Interv Cardiol Clin, 2015. 4(3): p. 285-294. 

126. Viceconte N, C.P., Barrero EA, Ghilencea L, Lindsay A, Foin N, Di Mario C, Frequency domain optical 

coherence tomography for guidance of coronary stenting. Int J Cardiol, 2013. 166(3): p. 722-8. 

127. Stefano GT, B.H., Mehanna E, Yamamoto H, Fujino Y, Wang W, Attizzani G, Chamié D, Simon DI, 

Costa MA, Unrestricted utilization of frequency domain optical coherence tomography in coronary 

interventions. Int J Cardiovasc Imaging, 2013. 29(4): p. 741-52. 

128. Souteyrand G, A.N., Combaret N, Hammas S, Prati F, Berry C, Pereira B, Lusson JR, Caussin C, 

Motreff P, Invasive management without stents in selected acute coronary syndrome patients with 

a large thrombus burden: a prospective study of optical coherence tomography guided treatment 

decisions. EuroIntervention, 2015. 11(8): p. 895-904. 

129. Prati F, U.S., Souteyrand G, Virmani R, Motreff P, Di Vito L, Biondi-Zoccai G, Halperin J, Fuster V, 

Ozaki Y, Narula J, OCT-based diagnosis and management of STEMI associated with intact fibrous 

cap. JACC Cardiovasc Imaging, 2013. 6(3): p. 283-7. 

130. Wijns W, S.J., Jones MR, Lee SW, Price MJ, Fabbiocchi F, Barbato E, Akasaka T, Bezerra H, Holmes 

D, Optical coherence tomography imaging during percutaneous coronary intervention impacts 

physician decision-making: ILUMIEN I study. Eur Heart J, 2015. 36(47): p. 3346-55. 

131. Barlis P, S.P., Gonzalo N, van der Giessen WJ, de Jaegere PJ, Regar E, Assessment of culprit and 

remote coronary narrowings using optical coherence tomography with long-term outcomes. Am J 

Cardiol, 2008. 102(4): p. 391-5. 

132. Vergallo R, R.X., Yonetsu T, Kato K, Uemura S, Yu B, Jia H, Abtahian F, Aguirre AD, Tian J, Hu S, 

Soeda T, Lee H, McNulty I, Park SJ, Jang Y, Prasad A, Lee S, Zhang S, Porto I, Biasucci LM, Crea F, 



132 

 

Jang IK, Pancoronary plaque vulnerability in patients with acute coronary syndrome and ruptured 

culprit plaque: a 3-vessel optical coherence tomography study. Am Heart J, 2014. 167(1): p. 59-67. 

133. Uemura S, S.T., Sugawara Y, Ueda T, Watanabe M, Saito Y, Assessment of Coronary Plaque 

Vulnerability with Optical Coherence Tomography. Acta Cardiol Sin, 2014. 30(1): p. 1-9. 

134. Sinclair H, B.C., Bagnall A, Mintz GS, Kunadian V, OCT for the identification of vulnerable plaque in 

acute coronary syndrome. JACC Cardiovasc Imaging, 2015. 8(2): p. 198-209. 

135. Chia S, R.O., Takano M, Tearney GJ, Bouma BE, Jang IK, Association of statin therapy with reduced 

coronary plaque rupture: an optical coherence tomography study. Coron Artery Dis, 2008. 19(4): p. 

237-42. 

136. Ann SH, L.K., De Jin C, Shin ES, Multi-modality imaging for stent edge assessment. Heart Vessels, 

2015. 30(2): p. 162-8. 

137. Porto I, D.V.L., Burzotta F, Niccoli G, Trani C, Leone AM, Biasucci LM, Vergallo R, Limbruno U, Crea 

F Predictors of periprocedural (type IVa) myocardial infarction, as assessed by frequency-domain 

optical coherence tomography. Circ Cardiovasc Interv 2012. 5(1): p. 89-96. 

138. Souteyrand G, A.N., Mangin L, Chabin X, Meneveau N, Cayla G, Vanzetto G, Barnay P, Trouillet C, 

Rioufol G, Rangé G, Teiger E, Delaunay R, Dubreuil O, Lhermusier T, Mulliez A, Levesque S, Belle L, 

Caussin C, Motreff P, Mechanisms of stent thrombosis analysed by optical coherence tomography: 

insights from the national PESTO French registry. Eur Heart J, 2016. 37(15): p. 1208-16. 

139. Hermans WR, R.B., Foley DP, Deckers JW, Rutsch W, Emanuelsson H, Danchin N, Wijns W, 

Chappuis F, Serruys PW, Therapeutic dissection after successful coronary balloon angioplasty: no 

influence on restenosis or on clinical outcome in 693 patients. The MERCATOR Study Group 

(Multicenter European Research Trial with Cilazapril after Angioplasty to prevent Transluminal 

Coronary Obstruction and Restenosis). J Am Coll Cardiol, 1992. 20(4): p. 767-80. 

140. Huber MS, M.J., Madison J, Mooney MR, Use of a morphologic classification to predict clinical 

outcome after dissection from coronary angioplasty. Am J Cardiol, 1991. 68(5): p. 467-71. 

141. Gutiérrez-Chico JL, W.J., Nüesch E, van Geuns RJ, Koch KT, Koolen JJ, di Mario C, Windecker S, van 

Es GA, Gobbens P, Jüni P, Regar E, Serruys PW, Vascular tissue reaction to acute malapposition in 



133 

 

human coronary arteries: sequential assessment with optical coherence tomography. Circ 

Cardiovasc Interv, 2012. 5(1): p. 20-9. 

142. De Cock D, B.J., Ughi GJ, Dubois C, Sinnaeve P, Dhooge J, Desmet W, Belmans A, Adriaenssens T, 

Healing course of acute vessel wall injury after drug-eluting stent implantation assessed by optical 

coherence tomography. Eur Heart J Cardiovasc Imaging, 2014. 15(7): p. 800-9. 

143. Kawamori H, S.J., Shinke T, Otake H, Matsumoto D, Nakagawa M, Nagoshi R, Kozuki A, Hariki H, 

Inoue T, Osue T, Taniguchi Y, Nishio R, Hiranuma N, Hirata K, Natural consequence of post-

intervention stent malapposition, thrombus, tissue prolapse, and dissection assessed by optical 

coherence tomography at mid-term follow-up. Eur Heart J Cardiovasc Imaging, 2013. 14(9): p. 

865-75. 

144. Tanaka A, I.T., Kitabata H, Kubo T, Takarada S, Tanimoto T, Kuroi A, Tsujioka H, Ikejima H, 

Komukai K, Kataiwa H, Okouchi K, Kashiwaghi M, Ishibashi K, Matsumoto H, Takemoto K, 

Nakamura N, Hirata K, Mizukoshi M, Akasaka T, Lipid-rich plaque and myocardial perfusion after 

successful stenting in patients with non-ST-segment elevation acute coronary syndrome: an optical 

coherence tomography study. Eur Heart J, 2009. 30(11): p. 1348-55. 

145. Ozaki Y, T.A., Tanimoto T, Kitabata H, Kashiwagi M, Kubo T, Takarada S, Ishibashi K, Komukai K, 

Ino Y, Hirata K, Mizukoshi M, Imanishi T, Akasaka T, Thin-cap fibroatheroma as high-risk plaque for 

microvascular obstruction in patients with acute coronary syndrome. Circ Cardiovasc Imaging, 2011. 

4(6): p. 620-7. 

146. Lee T, Y.T., Koura K, Hishikari K, Murai T, Iwai T, Takagi T, Iesaka Y, Fujiwara H, Isobe M, Kakuta 

T, Impact of coronary plaque morphology assessed by optical coherence tomography on cardiac 

troponin elevation in patients with elective stent implantation. Circ Cardiovasc Interv, 2011. 4(4): p. 

378-86. 

147. Terashima M, R.S., Suzuki Y, Nakayama Y, Kaneda H, Nasu K, Habara M, Katoh O, Suzuki T, 

Accuracy and reproducibility of stent-strut thickness determined by optical coherence tomography. J 

Invasive Cardiol, 2009. 21(11): p. 602-5. 



134 

 

148. Alegría-Barrero E, F.N., Chan PH, Syrseloudis D, Lindsay AC, Dimopolous K, Alonso-González R, 

Viceconte N, De Silva R, Di Mario C, Optical coherence tomography for guidance of distal cell 

recrossing in bifurcation stenting: choosing the right cell matters. EuroIntervention, 2012. 8(2): p. 

205-13. 

149. Guagliumi G, M.G., Sirbu V, Bezerra HG, Suzuki N, Fiocca L, Matiashvili A, Lortkipanidze N, 

Trivisonno A, Valsecchi O, Biondi-Zoccai G, Costa MA, Optical coherence tomography assessment of 

in vivo vascular response after implantation of overlapping bare-metal and drug-eluting stents. 

JACC Cardiovasc Interv, 2010. 3(5): p. 531-9. 

150. Huang C, L.B., Brezinski ME, Ultrasound-enhanced optical coherence tomography: Improved 

penetration and resolution. J Opt Soc Am A Opt Image Sci Vis, 2008. 25(4): p. 938-46. 

151. Leistner DM, R.M., Steinbeck L, Stähli BE, Fröhlich GM, Lauten A, Skurk C, Mochmann HC, Lübking L, 

Rauch-Kröhnert U, Schnabel RB, Westermann D, Blankenberg S, Landmesser U, Real-time optical 

coherence tomography coregistration with angiography in percutaneous coronary intervention-

impact on physician decision-making: The OPTICO-integration study. Catheter Cardiovasc Interv, 

2017 Sep 20. 

152. Katwal AB, L.J., Technical Considerations and Practical Guidance for Intracoronary Optical 

Coherence Tomography. Interv Cardiol Clin, 2015. 4(3): p. 239-249. 

153. Secco GG, V.M., Pistis G, De Luca G, Vercellino M, Audo A, Parisi R, Reale M, Ballestrero G, Marino 

PN, Di Mario C, Optical coherence tomography guidance during bioresorbable vascular scaffold 

implantation. J Thorac Dis, 2017. 9(Suppl 9): p. S986-S993. 

 

 

  



135 

Acknowledgements 

First of all, I would like to thank Pr. Patrick Ohlmann, MD, PhD from the Nouvel Hôpital Civil, 

Strasbourg, France, Pr. Luc Lorgis, MD PhD from CHU Dijon, France, Pr. Yusheng Yan, MD, PhD 

from Southern Medical University, Canton, and Pr. Yifeng Mai, MD, PhD Director of Ningbo 

University hospital, Ningbo, Chine for reviewing my doctoral dissertation and participating in my 

thesis defense during their busy schedule.  

I thank my esteemed Professor Nicolas MENEVEAU, Director of cardiovascular center, 

Université de Franche-Comté, Besançon who agreed to be my PhD supervisor. He is very strict, 

and has tirelessly guided me to perform OCT-related scientific research for six years. Here, I 

would also like to express my deepest sense of gratitude to my advisor Professor Nicolas 

Meneveau for his support and guidance in completing my course of studies and earning the 

doctoral degree. 

I am grateful to Professor Francois SCHIELE, Director of the Department of Cardiology, 

Université de Franche-Comté, Besançon. He provided the opportunity for me to study in his 

cardiac catheterization laboratory, and I had the opportunity to participate in the OCT research, 

which let me learn a lot of new knowledge and techniques of cardiac Interventions. 

I would like to thank Professor Emeritus Dominique Angèle Vuitton at the University 

Bourgogne Franche-Comté, Besancon, France, for her help in revising my manuscript. When I 

was desperate, she gave her selfless help, encouragement and support, led me to rekindle my 

confidence in continuing my doctorate studies. I would like to thank my friends Jean-Jacques 

PIERRAT and Miss Jiaojiao ZHENG from Consulate General of France in Shanghai and Mr. 

Yannis TSOUDEROS, Vice President of Servier International, France. 



136 

and Mrs. Valerie SALZMAN. They helped me a lot during my studying in France.

They provided the scholarship which supported me in my French study and enabled me to learn 

new medical technology and complete clinical scientific research. And I still remember what they 

told me “you should learn medical technology to benefit your hometown fellows”. 

I thank the couple of Jacques TANG, the president of Chinese Association in the East of 

France. So many years I lived in their home. They offered me not only a place to stay but a warm 

family. Thank them for their selfless dedication and care. 

I thank all the doctors, nurses and technical staff who were working in the department of 

Cardiology, University Hospital of Besançon, in particular Mrs. Fiona Ecarnot, Mrs. 

Laurence Barbaux, Mrs. Helene Tauzin, and Mrs. Céline Tchaoussoff, among many others that I 

cannot cite. I encountered many difficulties in my study and work due to my poor language. 

Thank them for their patience and help yo me to collect those data and figures of OCT. 

Thanks to my colleague and friend Dr. Karmal BELMADANI from Morocco, who 

worked together with me for one and a half year. He patiently taught me French and helped me a 

lot in my work and living. Most importantly, as a partner, he collaborated with me to collect a 

lot of OCT data. 

I really appreciate president of Yueqing hospital, Pr. Yutian CHEN and Pr. Jiandong 

ZHU. Also I am very grateful to my colleagues Pr. Xudong YU and Pr. Ruituo GE. They 

encouraged me to study in France. They helped me to arrange my job for so many times during 

my departure from my hospital. Their friendly help and support made it possible for me to 

complete my study for the PhD. 

I thank my teacher and my best friend Pr. Xu Cai. His teachings and guidance have 

accompanied me from a young doctor to a chief cardiologist. He introduced and encouraged me to 

study in France. Thanks to him for helping and encouraging me to continue my doctorate study. 

Finally, I would like to sincerely thank my virtuous and beautiful wife Jie ZHENG, who held 

my family and brought up my son during my departure; she encouraged and supported me when I 



137 

 

was depressed. It would have been impossible for me to get this PhD without her love and support. 

Thanks to my son Hongyi HUANG. I am glad to hear that you have passed the university entrance 

examination with excellent score. It's pleasing to see you grew up from a childish pupil to a healthy, 

well-developed university student. Thanks to my healthy parents as well as my brother Jianchun 

HUANG and my sister Lina HUANG who took care of my family during my doctoral studies. 

During the period of my doctoral studies, so many kind-hearted French and Chinese friends 

helped me. Not only did I learn a lot of new knowledge, but the most important thing was that I 

learned how to appreciate people. This kind of grateful heart will accompany me through the rest 

of my life. 

  



138 

 

 

Résumé en français 

L’imagerie par Imagerie en Cohérence Optique (OCT) est prometteuse comme support de la prise de 

décision au cours des procédures d’interventions coronariennes percutanées (PCI), pour évaluer les 

lésions athéromateuses, juger de la bonne implantation du stent, et dépister les lésions vasculaires dues 

au stent. L’OCT représente donc bien une aide potentielle pour le cardiologue interventionnel tout au long 

de la procédure de stenting, avec un impact certain sur la stratégie interventionnelle initialement 

programmée. De plus, l’OCT se révèle comme un nouvel outil pour prédire la dissection des bords de stent 

chez les patient avec syndrome aigu coronarien sans élévation du segment ST, rendant possible une 

stratification des patients quant à ce risque. Des essais cliniques randomisés sont maintenant nécessaires 

pour savoir si l’assistance par l’OCT pendant la procédure améliore le pronostic à long terme des patients 

après PCI. 

 

 

Summary in English 

Optical Cohenrence Tomography (OCT) imaging is promising in decision making during Percutaneous 

Coronary Intervention (PCI) procedures, for evaluating controversial plaque lesions, assessing stent 

implantation, and surveying stent-related vascular injury. Thus, OCT has potential to guide interventional 

cardiologists throughout the stent implantation procedure, impacting on planned interventional strategy. In 

addition, OCT is the most novel image technology to predict stent edge dissection for patients with non-ST-

segment elevation acute coronary syndrome, enabling risk stratification of patients who are at a higher risk 

of this complication. Large-scale randomized trials are now warranted to assess whether OCT results and 

guidance during de procedure improve long-term clinical outcomes of PCIs. 


