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Optical coherence tomography (OCT) is slowly but surely gaining a foothold in the hands of interventional cardiologists. Intraluminal and transmural contents of the coronary arteries are no longer elusive to the cardiologist's probing eye. Although the graduation of an interventionalist in imaging techniques right from naked eye angiographies to ultrasound-based coronary sonographies to the modern light-based OCT has been slow, with the increasing regularity of complex coronary cases in practice, such a transition is inevitable. Although intravascular ultrasound (IVUS) due to its robust clinical data has been the preferred imaging modality in recent years, OCT provides a distinct upgrade over it in many imaging and procedural aspects. Better image resolution, accurate estimation of the calcified lesion, and better evaluation of acute and chronic stent failure are the distinct advantages of OCT over IVUS. Despite the obvious imaging advantages of OCT, its clinical impact remains subdued. However, upcoming newer trials and data have been encouraging for expanding the use of OCT to wider indications in clinical utility. During percutaneous coronary intervention (PCI), OCT provides the detailed information (dissection, tissue prolapse, thrombi, and incomplete stent apposition) required for optimal stent deployment, which is the key to successfully reducing the major adverse cardiovascular event (MACE) and stent-related morbidities. The increasing use of OCT in complex bifurcation stenting involving the left main (LM) is being studied. Also, the traditional pitfalls of OCT, such as additional contrast load for image acquisition and stenting involving the ostial and proximal LM, have also been overcome recently. In this review, we discuss the interpretation of OCT images and its clinical impact on the outcome of procedures along with current barriers to its use and newer paradigms in which OCT is starting to become a promising tool for the interventionalist and what can be expected for the immediate future in the imaging world.
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INTRODUCTION

Recently, intravascular imaging has become an integral part of coronary intervention. Intracoronary imaging using intravascular ultrasound (IVUS) and optical coherence tomography (OCT) empowers the interventionalist with simultaneous cross-sectional views of the coronary artery, which compliments conventional longitudinal coronary artery angiography. The “lumenogram” obtained after injecting a radiopaque contrast medium inside the coronary artery under fluoroscopy gives a planar projection of the intracoronary anatomy open to visual interpretation (1–3). On one hand, it is an excellent modality to assess the severity of stenosis, albeit with high interobserver variability. However, it is also accompanied by several limitations, such as vessel overlap, foreshortening, poor resolution, and angle dependence, and is particularly deficient when it comes to imaging of the vessel wall itself regarding the amount of atherosclerosis, circumferential involvement, and lesion depth and composition (1). The limitations of coronary angiography are largely mitigated by the recreation and analysis of intramural and transmural coronary artery anatomy with the aid of intracoronary imaging modalities (4). Indeed, the latest European Society of Cardiology (ESC)/EACTS guidelines updated an indication for the use of OCT for stent optimization to a class IIa recommendation, which corresponds to the same level of recommendation as IVUS (5). Both imaging modalities have shown to be superior to conventional angiography for the optimization of percutaneous coronary intervention (PCI), the higher resolution provided by OCT offers a more detailed assessment of plaque morphology, histopathologic features (macrophages, coronary vasa vasorum, and cholesterol crystals), stent deployment parameters, and stent failure. Table 1 shows the differences between IVUS and OCT.


Table 1. Comparison between intravascular ultrasound (IVUS) and optical coherence tomography (OCT).
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In this review, we attempt to describe the current evidence and clinical applications of OCT in guiding PCI, including the assessment of plaque morphology, selection of appropriate devices for plaque modification, and optimization after stenting. We also discuss the traditional pitfalls of OCT along with current barriers to its use and the newer paradigms in which OCT is starting to become a promising tool for the interventionalist and what to expect for the immediate future in the imaging world.



HISTORY OF OCT

Naohiro Tanno of Japan and James G. Fujimoto of the USA first studied OCT independently and patented it almost simultaneously (6). After in vitro studies of the retina and coronary arteries in 1991, this technology was applied clinically in ophthalmology from 1996 onward. A new era of intracoronary imaging began in 2002 when the first clinical study of OCT was conducted (7). One of the initial challenges to the use of OCT in the coronary arteries was the need to clear the blood field for imaging. This was initially achieved with sustained low-pressure balloon occlusion in time domain (TD) OCT, but has recently been entirely replaced by a faster, newer generation frequency domain (FD) OCT systems, which utilize viscous contrast as a flushing media for coronary image acquisition. Coronary OCT (TD) was first introduced to the market in Europe in 2007 and, after FDA approval, in the USA in 2010. Since then, its use has grown very rapidly.



CLINICAL ADAPTATION OF OCT

The feasibility of OCT (TD) in intracoronary imaging was first established in 2002 by a study comparing its images to those obtained by IVUS (7). In 2007, Prati et al. established the safety of a non-occlusive technique using OCT in 64 patients, with a success rate of around 94% (8). With the simplification of the image acquisition process, the new generation FD-OCT system provided faster and more reliable images of the coronary artery with good image reproducibility and no significant procedure-related adverse events (9). Imaola et al. established the safety and feasibility of FD-OCT in 2010 (10). A few complications encountered were all resolved before the patient left the catheterization laboratory. Further large-scale registries have demonstrated that intra-procedural complications with OCT are very rare (all <0.2%) and similar to the event rates that occur during IVUS image acquisition (11).

Optical coherence tomography has distinct advantages over angiographic guidance, both subjectively and in major trials over many years (Table 2). Studies have shown improved survival and reduced major adverse cardiovascular events (MACEs) in patients undergoing OCT-guided PCI optimization compared with angiography only (12, 18). OCT significantly changed operator behavior during PCI planning and after stent placement (15, 17, 20). OCT-guided PCI optimization resulted in significantly higher post-PCI fractional flow reserve (FFR) (15, 16), stent strut coverage (14), and stent expansion (17, 19) compared with angiography-guided PCI. Compared with IVUS (Table 3), OCT-guided PCI initially resulted in smaller minimum stent area (MSA), stent expansions (21), and stent diameters, albeit with similar rates of target vessel failure (TVF) and restenosis in a 12-month follow-up (24). As part of the evolution of OCT, the stent sizing protocol evolved from initial lumen sizes to reference external elastic lamina- (EEL-) based sizes resulting in MSA and stent expansion comparable to those of IVUS (17, 19, 25). Phantom model trials showed that the mean lumen area measured by OCT was equal to the actual lumen area of the phantom model while IVUS overestimated it (22). OCT was also found to be more sensitive in detecting intrastent tissue protrusion, incomplete stent apposition, stent edge dissection, and intrastent thrombus compared to IVUS (17, 19, 22).


Table 2. Studies performed for a comparison between OCT and angiography for percutaneous coronary intervention (PCI) optimization.
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Table 3. Studies performed for a comparison between OCT and IVUS for PCI optimization.
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IMAGE ACQUISITION WITH OCT

Many established companies have made OCT imaging systems commercially available over the years; however, the two most widely available and employed systems are the OPTIS™ system (Abbott Vascular, Santa Clara, CA, USA) with angiographic and OCT visualization (co-registration) options and the Lunawave® system (Terumo, Tokyo, Japan). A typical OCT imaging system consists of a catheter, a motor, and an imaging console with software. The guide catheter is engaged at the coronary ostium, and the OCT catheter is advanced on the guidewire with the imaging lens placed distal to the area of interest. The guide catheter is then flushed with contrast to clear the blood. The amount and pressure of the contrast injection required for blood clearance depend on the coronary system being imaged (right or left), its size and length, and the location of the area of interest (proximal or distal). Usually, 14–16 ml contrast is sufficient for the left coronary artery at a rate of 4 ml/s, and 10–12 ml contrast is sufficient for the right coronary artery (RCA) at a rate of 3 ml/sec. Contrast may be hand injected or flushed with an automated injector. During manual injection, it is imperative to monitor the OCT console to guide the pressure and volume of contrast injection. As soon as the guide catheter is seen on the pullback, contrast injection should be stopped to minimize contrast load. Pullbacks of 75- and 54-mm in length are available with the current OCT system. The 75-mm pullback is faster, requires less contrast, captures 5 frames per mm of pullback, and is usually sufficient to study plaque morphology and coronary dimension measurement prior to stent placement. Because the 54-mm pullback is slow, it requires more contrast for image acquisition and provides 10 frames per mm of pullback, thereby giving a resolution better than 75 mm. It renders high-quality images of the stent after deployment as well as complications such as stent fracture. The 54-mm pullback is also useful to guide the position of the guide wire recrossing in the side branch (SB) during bifurcation angioplasty. While imaging the distal coronaries with OCT, it is essential to ensure that the catheter does not get railed off from the guidewire as it can get stuck in the distal stent struts, making retrieval difficult (26).



OCT FOR PCI OPTIMIZATION

Intracoronary OCT provides a detailed characterization of the arterial wall and lumen, which is complimentary to angiography. It plays a key role in the pre-PCI assessment of plaque morphology to choose an appropriate plaque modification device. Lesion length and coronary diameter can be accurately measured using EEL to guide the required stent size. Post-PCI optimization includes the assessment of stent apposition, stent expansion, significant edge dissection, geographical miss, and plaque prolapse.


Pre-PCI Assessment
 
Plaque Morphology

Interpretation of OCT images as normal and pathological ones requires an understanding of the optic attenuation characteristics of the vascular layers. When the light rays are directed at a tissue, some portion of them are able to pass through and some get scattered or reflected. The amount of backscatter determines the brightness of the tissue. The amount of light absorbed by the tissue during its passage is known as tissue attenuation, which determines the penetration depth of OCT.

The intima and adventitia have abundant collagen and elastin tissues that appear bright on the OCT image due to their intrinsic backscattering properties. In contrast, the medial layer possesses higher amounts of smooth muscle cells, which have poor reflective properties and thus appears dark on an OCT image. This “bright-dark-bright” pattern is characteristic of the trilaminar appearance of a normal coronary artery (Figure 1A) and the deposition of atherosclerotic plaques leads to the alteration of this pattern. The optical properties and OCT image interpretation of various atherosclerotic plaque morphologies have been described previously (27) and are summarized in Table 4.


[image: Figure 1]
FIGURE 1. Representative optical coherence tomography (OCT) images with various plaque morphologies. (A) Normal coronary, (B) lipid-rich plaque (LRP), (C) fibrotic plaque, (D) calcific nodule, (E) near 360° arc of calcific plaque, (F) deep calcium deposition, (G) thin cap fibroatheroma (TCFA), (H) intraluminal red thrombus, (I) intraluminal white thrombus, (J) bright spots or bands at the boundary between the fibrous cap and lipid core suggestive of macrophages, (K) bright signal-rich cholesterol crystals, and (L) vulnerable plaque formed by a large lipid pool covered by TCFA with macrophage infiltration. Areas of interest were highlighted by arrows and asterisks.



Table 4. Showing optical properties and OCT image interpretation of various atherosclerotic plaque morphologies.
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Plaque Modification as Per Morphology

• Lipid-rich plaque (LRP): Lesions composed mainly of a necrotic lipid core with a fibrous cap are labeled as fibroatheromas. The thickness of the overlying cap determines its risk of rupture, and a thickness of <65 μm [thin cap fibroatheroma (TCFA)] has been seen to be particularly prone to rupture in pathologic series. Significant stenoses due to predominantly LRPs and TCFAs (Figures 1B,G) can be treated with direct stenting without predilatation.

• Fibrotic plaque: Fibrotic plaques are typically rich in collagen or smooth muscle cells and have a homogeneous signal-rich backscatter on OCT (Figure 1C). Primarily, fiber-rich plaques are mostly described as stable plaques and the likelihood of their rupture is proportional to the amount of internal lipid deposition. Primarily, fibrotic lesions that cause significant obstructive disease can be tackled with the use of cutting balloons or non-compliant balloons for adequate bed preparation prior to stent deployment to optimize stent expansion. Fibrofatty lesions with predominantly fatty composition require compliant balloons for bed preparation.

• Vulnerable plaques: The most vulnerable plaques can be recognized on OCT as having a large lipid core (lipid in ≥2 quadrants in any image) and a thin fibrous cap (<65 μm) (28). Stenosis caused by TCFAs with evidence of active inflammation, i.e., macrophage infiltration is seen as multiple punctate signal-rich regions near the fibrous cap and is a sign of increased vulnerability of a plaque (Figure 1L) (29–31). In 2019, the CLIMA study (32) defined a high-risk vulnerable plaque to be having four criteria, namely, (1) minimum lumen area (MLA) <3.5 mm2; (2) fibrous cap thickness of <75 μm at the thinnest portion; (3) lipid core with lipid arc extension of >180°; and (4) the presence of a cluster of macrophages within the plaque. The presence of these four features was found to be associated with a higher risk of major coronary events in a 1-year follow-up. A few studies have also shown adverse outcomes in diabetic patients with TCFAs, even in intermediate lesions with a negative FFR (33). The merits of stenting non-obstructive (50–70%) TCFA lesions have long been debated. The PROSPECT ABSORB pilot trial (34) nested within the PROSPECT II trial (35) suggested that PCI of plaques with high-risk “vulnerable” characteristics even with first-generation everolimus-eluting absorb bioresorbable vascular scaffolds (BVS) stent was safe and effective in enlarging the lumen and providing a cap of neointimal hyperplasia (NIH) with a trend toward reduced MACE rates in a 25-month follow-up. More data are needed to guide the management of intermediate vulnerable plaques, including the contribution of optimal medical therapy on plaque modification and regression as well as the role of prophylactic PCI.

• Calcified lesion: Calcified lesions causing significant stenosis are the most common cause of under-expanded stents (UESs), resulting in acute and chronic stent failure. OCT has a distinct advantage over IVUS for calcified lesion characterization and quantification. Calcium deposition in a lesion is classified into superficial, deep, and nodular calcium (Figures 1D–F). An OCT-based calcium score has been established and validated to determine the probability of stent under-expansion in calcified lesions (36). This “rule of 5s” score consists of three components, i.e., maximum thickness > 0.5 mm (1 point); contiguous length of calcium > 5 mm (1 point); and maximum arc > 50% or > 180° (2 points). A score of ≤ 3 resulted in acceptable stent expansion while a score of 4 had significantly lower stent expansion and indicated calcium modification during lesion preparation (Figure 2). Calcium fracture as clearly seen in OCT should be the target of modification as it leads to improved stent expansion compared to calcified lesions without fractures (37). A proposed algorithm for calcified lesion modification with devices according to their location and OCT calcium score is summarized in Table 5 although the same has not yet been validated.


[image: Figure 2]
FIGURE 2. OCT-guided management of calcified left anterior descending (LAD). (A,B) Pre-percutaneous coronary intervention (PCI) assessment showed a heavily calcified LAD with a calcium arc >180°, a calcium thickness of 0.58 mm, and a length of >5 mm resulting in a calcium score of 4. (C) Fractures in the calcium after modification with intravascular lithotripsy (IVL). (D,E) Post-PCI assessment showed 83% stent expansion, no edge dissection, and a well-apposed stent.



Table 5. The calcified lesion modification devices according to its location and OCT calcium score.
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Lesion Length Estimation

The length is estimated using the L-mode view of the OCT pullback, which utilizes the pullback speed and frame rate for calculations. The catheter can be displaced during pullback due to the dynamic movement of the coronary arteries during the cardiac and respiratory cycles. However, the faster frame rates and speed of an FD-OCT system minimize this longitudinal catheter displacement as a potential source of error (38). In the L-mode view, the normal-appearing segments within 5 mm of the stenotic lesion, that is, segments with a preserved trilaminar morphology or minimal atherosclerotic distortion are selected as proximal and distal stent landing zones. In the case of diffusely diseased coronaries, segments with OCT markers of stable plaque-like thick fibrous cap atheroma and calcified plaque are chosen as landing zones. Visual confirmation of landing zones avoids stent edge problems, including stent length mismatches and landing on TCFAs, which leads to reduced edge dissections and also reduces the risk of early stent thrombosis and target lesion failure (13, 39–42).



Diameter Estimation

EEL-based measurements at the distal landing zone should be used for stent sizing. Two separate diameter measurements should be taken at least one quadrant apart, and the mean of these two measurements is rounded down by 0.25 mm to the available stent size (17). If the EEL is not visualized sufficiently, the mean lumen diameter is utilized for stent sizing and should be rounded up between 0.25 and 0.5 mm to determine the stent size (24).



Functional Assessment

The decision of whether or not to perform PCI in an intermediate lesion is another dilemma faced by cardiologists. Apart from the age-old practice of eyeballing from various angles and views, the use of FFR is regarded as the most valuable tool for decision-making in patients with intermediate lesions. As OCT is able to accurately characterize coronary lesions in a three-dimensional (3D) view, it may be used to assess the lesion functionally as well. Although FFROCT (computational FFR using the OCT data) showed good correlation and agreement with invasively measured FFR (r = 0.72, p < 0.001) (43), head-to-head comparisons between FFR and OCT for functional assessment of an intermediate lesion are very limited. The FORZA trial (44) compared FFR and OCT guidance in these patients. Under OCT guidance, PCI was performed in an intermediate lesion if at least one of the following criteria was present: (1) area stenosis (AS) >75%; (2) AS between 50 and 75% and MLA <2.5 mm2; and (3) AS between 50 and 75% and plaque rupture. In the FFR arm, PCI was performed when the lesion was <0.80 on FFR. The 13-month follow-up of the study showed that OCT was safe but led to more PCI procedures. However, it was ultimately associated with a lower occurrence of the combined endpoint of MACE or significant angina after 13 months. FFR resulted in more conservative management of the patient which was associated with less costs; however, it had a higher incidence of unplanned revascularizations. At present, studies comparing FFR and FFROCT are inconclusive and warrant further trials.




OCT During Stent Deployment

The OCT angiography co-registration (ACR) feature, if available, is very useful in identifying stent edge landing zones and thus eliminating ambiguity in visually selecting “normal-appearing” reference segments on angiography. It provides a side-by-side visual correlation between OCT images, on which the planning can be done, with the real-time coronary angiogram on which the application of the plan is to be carried out (Supplementary Video 1). Schneider et al. (45) showed that major edge dissection and/or geographical miss was significantly reduced in ACR-guided PCI than in OCT-guided PCI without ACR [(4.2 vs. 19.1%), p = 0.03)]. Koyama et al. (46) revealed that the use of ACR resulted in a trend toward a reduced incidence of significant distal stent edge dissections (11.1 vs. 20.8%, p = 0.07). An operator vs. computer-based DOCTOR fusion study in 22 patients showed that, in the absence of co-registration, target lesion segments on OCT were uncovered by the stent in 14 patients (70%) and the mean “geographic miss distance” was 5.4 ± 2.6 mm (20). Stent placement in the SB can be optimized via the real-time ACR with the respective OCT cross-sectional image [“bifurcation and ostial OCT mapping” (BOOM)] (47) during bifurcation angioplasty. This technique can minimize the protrusion of stent struts into the main branch (MB) while ensuring full coverage of the SB ostium.



Post-PCI Assessment

Optical coherence tomography-guided post-PCI stent optimization includes the estimation of stent expansion, stent apposition, significant edge dissection, plaque prolapse, and geographical miss.


Stent Expansion

Stent expansion is adequate if the lesion segment is expanded to a diameter close to or equal to that of a normal artery. It is measured as the minimum stent cross-sectional area either as an absolute value (absolute expansion) or in comparison with a predefined lumen area, which can be the proximal, distal, maximal, or average lumen area (relative expansion). Relative stent expansion is often calculated as the MSA divided by the mean luminal cross-sectional area. Absolute expansion cutoffs appear to be a better predictor of future stent patency than relative expansion (48). Post-PCI MSA has been the most consistent and strongest parameter to predict both restenosis and stent thrombosis (49). Soeda et al. (50) reported that OCT-MSA was an independent predictor of clinical endpoints and target lesion revascularization (TLR) with an MSA cutoff value of 5.0 mm2 for DES. Although the DOCTORS trial (16) put the optimal cut-off to predict postprocedural FFR >0.90 in non-left main (LM) arteries at >5.44 mm2, Prati et al. in the CLI-OPCI II (12) study showed that MSA <4.5 mm2 was associated with MACEs. Modern OCT software (Aptiveu software, OPTIS systems) provides automatic measurement of MSA, stent expansion, and the detection of under-expanded segments. The colored expansion indicator automatically displays red for the under-expanded region and silver for the well-expanded region. UES is diagnosed on OCT when the MSA is <80% of the mean lumen area and/or <4.5 mm2 (48) (Figures 3A,B). Stent under-expansion has been established as a major predictor of stent failure (51, 52), and greater absolute stent expansion has been associated with better long-term stent patency, better clinical outcomes, and a lower risk of stent failure (49, 52–54). In addition to diagnosis, OCT also guides the management of UES by providing insights into etiology, such as poorly prepared calcified bed (55) (Figures 3B–D). Under-expansion due to calcium can be managed with ultrahigh-pressure balloon dilation, intravascular lithotripsy (IVL) balloon, or stent ablation with rotational atherectomy.


[image: Figure 3]
FIGURE 3. Post-PCI assessment by OCT. (A) Lumenogram and L mode showed under-expanded stent (UES) with minimum stent area (MSA) of 2.91 mm2 and 58% stent expansion. (B) Cross-sectional image at MSA revealed 360° arc of calcium as a cause of UES. (C) Lumenogram and L mode showed 97% stent expansion after the treatment of UES with ultra-high-pressure balloon dilatation. (D) A cross-sectional image shows the fracture of the calcium arc resulting in the resolution of the UES. (E) A rendered stent view shows well-apposed stent struts (white) and malapposed stent struts (red) corresponding to the white and red bars in the apposition indicator. Apposition (F) and mal-apposition (G) of the stent struts can also be well-appreciated on respective cross-sectional images. (H–J): Major proximal stent edge dissection is seen with the dissection flap extending to media, dissection angle of 180° and 4.3 mm dissection length on three-dimensional (3D) reconstruction. OCT with its better axial resolution enables clearer and more frequent visualization of in-stent tissue prolapse (K).




Stent Malapposition

Stent malapposition is defined by a lack of contact between at least one stent strut and the intimal surface below the arterial wall in a segment not above the SB (Figures 3E,G). It may either be acute (detected at the time of the stenting) or late (detected during a subsequent follow-up). It is a common finding during post-PCI optimization, observed in 15% of stents by IVUS imaging (56) and perhaps due to better spatial resolution, at a higher rate of 50% by OCT imaging (13). OCT automatically detects apposed (Figure 3F) and malapposed stent struts and marks them white & red in the rendered stent view respectively. This can also be seen as a red bar in the apposition indicator in L mode (Figure 3E). The impact of acute stent malapposition on stent failure rates (i.e., in-stent restenosis (ISR) and stent thrombosis) has been a matter of controversy because there is no clear link between acute malapposition and stent failure in some prospective studies (57, 58). However, in vitro studies have shown that malapposition to be associated with increased thrombogenicity (59) and recent registries have shown that malapposition is a frequent finding in-stent thrombosis (60–62). We recommend the correction of significantly malapposed stent struts with post-dilatation, especially at the proximal stent edge, because this may interfere with rewiring and increase the risk of accidental abluminal rewiring. If the malapposition distance from the endoluminal lining of the strut to the vessel wall is <250 μm, such struts are likely to come into contact with the vessel wall during a follow-up. Therefore, small malapposition may be less relevant (63, 64). In the absence of prospective validation, EAPCI investigators have suggested that acute malapposition of <400 μm with longitudinal extension <1 mm should not be corrected because spontaneous neointimal integration is anticipated (48).



Edge Dissection

Deployment of a stent in the coronary artery can sometimes result in unintended tearing of the vessel wall adjacent to the stent struts, resulting in the dissection of the stent edge. Most of these cases occur as a result of landing the stent in unhealthy coronary segments or using oversized stents as compared to the landing zone. Due to its higher resolution, OCT can identify less extensive edge dissections, which are often missed by IVUS and angiography. The ILUMIEN-3 trial reported that the number of dissections detected by OCT was two times that of IVUS. Overall, the incidence of OCT detected edge dissection was as high as 37.8% and most (84%) were not apparent on angiography (65). Although data are limited but not flow-limiting, small dissections have been found to have no impact on the clinical outcomes. Major stent edge dissections (Figures 3H–J) have been defined by their depth (disrupting at least the medial layer), their lateral extension (>60°), and their length (>2 mm) and have shown to be a predictor of poor outcomes (13, 40, 41, 66). Intramural and extramural hematomas detected on OCT usually appear as edge stenosis on angiography and can be misdiagnosed as stent vessel mismatch or spasm.



Plaque Prolapse

OCT, with its better axial resolution, enables clearer and more frequent visualization of tissue prolapse (Figure 3K) compared to IVUS (17). The increasing magnitude of prolapse is associated with a higher frequency of TCFAs, plaque rupture, and intracoronary thrombus formation. The identification of a large-volume plaque prolapse immediately after PCI has been associated with post-PCI myocardial injury (67). It has been identified as a predictor of early stent thrombosis and has been related to worse short-term prognoses following PCI (68, 69). Plaque prolapse may be divided into three groups based on severity: smooth protrusion, disrupted fibrous tissue protrusion, and irregular protrusion. Smooth protrusion represents minimal vessel injury, disrupted fibrous tissue protrusion represents mild vessel injury, and irregular protrusion represents a moderate-to-severe vessel injury with a high likelihood of medial disruption and lipid core penetration. Irregular protrusions have been shown to be an independent predictor of 1-year clinical outcomes, primarily driven by TLR (50).





OCT IN ACUTE CORONARY SYNDROME

Several of the challenges faced during PCI in a patient with acute coronary syndrome can be overcome with OCT. Around 4–10% of the STEMI patients and >30% of NSTEMI patients present without an identifiable culprit lesion and >10% of patients may have multiple culprit lesions on angiography. OCT not only helps to identify the culprit lesions, especially when the lesions are equivocal on angiography, but also helps infer the underlying mechanisms in ACS and rationalize the decision-making for intervention (70). The most common mechanisms responsible for ACS are plaque rupture and plaque erosion while fewer conditions include thrombosis triggered by calcified nodules, spontaneous dissection, and stent thrombosis. Because of its higher resolution, OCT has a clear advantage over IVUS in identifying these pathological mechanisms of ACS.


Plaque Rupture

Plaque rupture is the most common cause of ACS, implicated in around 60–70% of the cases. The ruptured plaque is identified by the presence of a discontinuity in the fibrous cap overlying a lipid-rich core and is better seen with OCT (Figures 4C,E). As it ruptures, the contents of the necrotic core come in contact with the bloodstream and trigger the formation of a thrombus that is most often seen adjacent to the ruptured plaque (Figure 4F). Plaque rupture is the more common mechanism of ACS in STEMIs (Figures 4A–F), as opposed to erosion, which is more common in patients with NSTEMI, or calcified nodules that are exclusively observed in NSTEMI (71). Also, fibrin-rich red thrombus (Figure 1H) is frequently found over the ruptured plaque, whereas platelet-rich white thrombus (Figure 1I) is the predominant type of thrombus that forms over erosion and calcified nodules (71).
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FIGURE 4. OCT in acute coronary syndrome. (A–C) A case of acute inferior wall STEMI with mid dominant right coronary artery (RCA) thrombotic occlusion. Thrombus aspiration followed by OCT revealed plaque rupture. (D–F) A 4-day old case of inferior wall STEMI showing Mid-RCA haziness. OCT revealed proximal RCA plaque rupture and mid-RCA recanalized thrombus in a Swiss-cheese pattern. (G–I) A case of NSTEMI having a separate origin of LAD and LCx with a significant stenosis in the proximal LAD. OCT showed luminal irregularities, intact thick fibrous cap, and intraluminal white thrombus suggestive of plaque erosion. Areas of interest are highlighted with arrows.




Plaque Erosion

Plaque erosion (Figures 4G–I) is seen to be the cause of ACS in 20–30% of cases and tends to occur more in younger patients, especially premenopausal women, current smokers, and patients with the absence of traditional coronary risk factors. These patients generally have a single-vessel disease with reduced lesion severity, larger vessel size, and lesions approaching near bifurcations (70). Pathological studies have defined plaque erosion as a loss of endothelial lining in the absence of “trans-cap” ruptures (31). However, this endothelial loss cannot be visualized directly using OCT at present, and hence, the pathological definition of erosion cannot be simply adapted to OCT. In 2013, Jia et al. (71) defined plaque erosion on OCT as the absence of fibrous cap disruption and further classified it into (1) definite OCT erosion—the presence of attached white thrombus overlying an intact and visible plaque; (2) probable OCT erosion—(a) luminal surface irregularity at the lesion site in the absence of thrombus or (b) the attenuation of underlying plaque by thrombus in the absence of superficial lipid or calcification immediately proximal or distal to the site of thrombus. NSTEMI is the predominant presentation in patients with plaque erosion. Lipid is less frequently detected in erosion than in plaque rupture, although if at all lipid is visualized underneath an erosion, the overlying fibrous cap tends to be thicker, lipid arc tends to be smaller, and lipid length is shorter compared with plaque rupture (71). Plaque rupture is also a highly thrombogenic event and induces massive thrombus burden at the site, causing more luminal obstruction and consequently greater damage. In contrast, plaque erosion seems to result in less thrombus burden, the preservation of vascular structure, and a larger residual lumen (72). Thus, if plaque erosion is treated with aggressive antithrombotic treatment, stent implantation can be avoided, thereby preventing both early and late complications associated with stents. The erosion study showed that the majority (92.5%) of ACS patients with OCT erosion, who were treated with antiplatelet therapy without stenting remained free from MACE after 1 year (73). This study suggests the possibility of individualized therapy for patients with acute coronary syndromes using OCT to establish etiology.



Calcified Lesions in ACS

Calcified lesions with disruption of the fibrous cap and without lipid core rupture are observed in 7–10% of patients with ACS. Three distinct types of culprit calcified plaques have been described in patients with ACS. (1) Eruptive calcified nodules, which are defined by the extrusion of small calcific nodules into the lumen, (2) superficial calcific sheet, which is the most prevalent type and is characterized by poor baseline TIMI flow and reduced luminal diameter, and (3) calcified protrusion, which is defined by protruding calcific mass without eruptive nodules. All three calcific lesion types are clearly identifiable on OCT and are associated with more periprocedural complications and suboptimal PCI results compared with non-calcified culprit plaques. Eruptive calcified nodules are frequently located in the mid-RCA, where the cyclic hinge movement of the heart may cause weakening of calcified plaques, leading to fractures, whereas superficial calcific sheets are most frequently found in the left anterior descending (LAD) (68.4%) (74).



Spontaneous Dissection

Spontaneous coronary artery dissection (SCAD) is a rare event leading to an ACS. OCT is extremely useful in its diagnosis as it easily visualizes the double lumen morphology in the vessel wall that is characteristically seen in this condition. We can see the entry tear as well as the circumferential and longitudinal extent of involvement. The compromise of the true coronary lumen and the extent of the false lumen can also be visualized. OCT can also help in wiring through the true lumen for stent implantation. However, performing an OCT in SCAD is not without risks. Because OCT involves the injection of contrast into the coronary lumen, it can result in an extension of the dissection and further compromise the situation. Therefore, dye injection should be performed very carefully and at low flow rates. The recent ESC/Acute Cardiac Care Association (ACCA) position paper on SCAD supports the role of intravascular imaging when angiographic diagnosis is uncertain (75).




OCT FOR STENT FAILURE

Optical coherence tomography is the investigation of choice in the assessment of stent failure. ISR and stent thrombosis, along with scaffold thrombosis, are the main causes of stent failure. OCT images provide insights into the mechanism of stent failure and thus the selection of an appropriate management strategy.


In-stent Restenosis

Arterial healing after stenting is best studied by OCT. ISR is the most common cause of stent failure, and although its incidence has reduced drastically compared to the bare metal stent (BMS) era, ISR has been described in the latest generation stents and remains a challenge. OCT can reveal the etiology of an ISR such as under-expansion, malapposition, or strut fracture. It can also characterize ISR as NIH or neoatherosclerosis. NIH associated with BMS is homogenous (Figure 5A), whereas DES-related NIH is more heterogenous (Figure 5B) (76). Neoatherosclerotic hyperplasia as a cause of ISR (Figures 5C,D) is characterized by lipid and/or calcium deposition along with a necrotic core and even infiltration by macrophages. Indeed, in some cases, it is difficult to distinguish a DES-related ISR from TCFA lesions in native plaques (77). The treatment of choice for ISR remains the implantation of DES, particularly everolimus-eluting DES, which has consistently been shown to be superior to drug-eluting balloon (DEB) in terms of short- and long-term outcomes (78, 79). While DEB is associated with higher clinical and angiographic restenosis rates, probably due to its inability to achieve maximum acute luminal gain (80), the addition of another metallic layer associated with DES implantation may also be undesirable in these patients. Recently, available BVS address both concerns. BVS provides a temporary vascular scaffolding to maximize the acute luminal gain without adding an additional permanent layer of metal. OCT is preferred over IVUS for BVS implantation and to study tissue coverage in a follow-up (Figures 5E–G) (81, 82). A 3-year follow-up intracoronary OCT study demonstrated complete tissue coverage of the scaffold (83). Although data regarding the efficacy of BVS in the treatment of ISR is conflicting, recent evidence may point toward outcomes trending closer to DES (84). Another study with a 1-year follow-up after using BVS for ISR treatment showed a non-significant higher incidence of device-related cardiovascular events compared to EES (10.1 vs. 5.2%, p = 0.27) (85). BVS indeed looks to be a viable option in the treatment of ISR.
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FIGURE 5. OCT in in-stent restenosis (ISR). (A) Homogenous neointimal hyperplasia (NIH) in bare metal stent (BMS) restenosis. (B) Heterogenous NIH in a drug-eluting stent (DES) ISR. (C,D) Showed neoatherosclerosis as a cause of ISR in a well-expanded stent with well-demarcated calcium and fibrotic ingrowth. (E–H) Coronary angiography showing proximal LAD bioresorbable vascular scaffolds (BVS) ISR after 2 years of implantation. (F) The OCT image shows a distal marker of BVS, (G) almost completely absorbed BVS struts in the middle and distal part of the stent, and (H) BVS ISR at the proximal segment with peri-strut low intensity areas.


In the treatment of native coronary artery stenosis, complete scaffold resorption may theoretically lead to improved clinical outcomes that are very late compared to metallic-frame DES. However, although 1-year follow-up results showed non-inferiority to EES (86), more studies have demonstrated an accumulating risk of BVS-related thrombosis and MI between 1 and 3 years (87–89). Recently, a 5-year follow-up of the ABSORB III trial showed that the period of excess risk for BVS ended at 3 years, coinciding with the time of complete scaffold resorption (90). ISR after BVS implantation (Figure 5H) is also a known entity, and studies have suggested that its 3-year incidence becomes comparable to that associated with DES implantation when using optimal implantation techniques with intracoronary imaging (91).



Stent Thrombosis

One of the most serious complications of stent implantation is stent thrombosis, which can adversely affect life expectancy and lead to myocardial infarction. Although the incidence of stent thrombosis is low in the present era, a large number of patients undergoing DES implantation make it a significant problem. OCT in the setting of acute/subacute stent thrombosis has been shown to be feasible. The most common findings in these cases are the presence of uncovered struts and malapposed struts along with under-expansion of the stented coronary segment. These are identified as the key morphological features of stent thrombosis by OCT (60). The presence of a non-streamlined blood flow along malapposed stent struts has been shown to be one of the factors related to acute stent thrombogenicity (92). Additionally, residual stenosis within the stented segment or small MLA is also an independent and well-recognized predictor of stent thrombosis (50). In the setting of late/very late stent thrombosis, within the 1st year of intervention, uncovered/malapposed stent struts, under-expansion, and severe restenosis predominate the OCT findings, and ISR with neo-atherosclerosis predominates beyond 1 year. These findings definitively suggest that improved recognition and correction of suboptimal stent deployment is likely to significantly impact stent thrombosis rates.




OCT IN BIFURCATION LESIONS

Bifurcation lesions are usually complex and comprise 15–20% of all PCI procedures (93) and pose unique procedural and outcome challenges. For provisional bifurcation angioplasty, in addition to routine pre-PCI OCT assessment, the three important parameters that need to be recorded are plaque distribution in relation to SB ostium, carina tip (CT) angle, and CT to bifurcation point (BP) length (Figure 6). CT angle <50° and CT-BP length <1.7 mm have been found to be independent predictors of SB complications in the provisional strategy (94). Predominantly calcified plaque opposite to SB ostia is a predictor of SB compromise after MB stenting due to carinal shift. MB distal reference diameter guides the stent size while the proximal reference diameter guides the size of the proximal optimization technique (POT) balloon. Post-PCI MB OCT pullback is done to assess stent expansion, apposition, and edge dissection. 3D reconstruction at the bifurcation clearly quantifies the stent struts across SB ostium, identifies whether carina is link-free or not, and helps in distal guide wire recrossing. A few studies have shown that link-free carina with distal SB wiring resulted in minimum inappropriate stent apposition or neocarina across the SB ostium after kissing balloon inflation (KBI) although it did not translate into improved clinical outcomes (95). For upfront two stent strategy, pre-PCI OCT assessment is done in both SB and MB. The distal reference diameter of both SB and MB is used to decide the size of both stents and the proximal reference diameter of MB is used for sizing of the POT balloon. Post-PCI OCT pullbacks of both MB and SB are taken to assess stent expansion, apposition, edge dissection, and plaque protrusion. MB OCT pullback after final KBI should be used to analyze the SB ostium. Hanging stent struts across SB ostium can serve as nidus for SB restenosis due to endothelization (Figure 7). Hence, it should be ensured that SB ostium is free from hanging stent struts in the 3D reconstruction, with minimal neo-metallic carinal length in the L mode and the dumbbell sign adjacent to the native carina in the cross-sectional view (Figure 8).
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FIGURE 6. OCT in bifurcation angioplasty. (A,B) Coronary angiography showed a significant left main (LM) bifurcation lesion (Medina 1.1.1). (C) Pre-PCI OCT showed the carina tip (CT) angle of 70° and CT to bifurcation point (CT-BP length) of 2 mm suggestive of bifurcation lesion suitable for provisional stenting without the risk of side branch (SB) compromise. (D) An OCT-guided LM-LAD cross-over stenting was done followed by the proximal optimization technique (POT) with balloons of appropriate size. (E) Post-PCI angiography showed TIMI III flow in left coronary system without LCx compromise. Post-PCI OCT showed well-apposed stent with 87% expansion (F), without proximal or distal edge dissection (G,J) and minimal stent struts across LCx ostium (H). 3D reconstruction showed minimal inappropriate stent apposition across LCx ostium with link-free carina (I).



[image: Figure 7]
FIGURE 7. OCT in bifurcation angioplasty. (A) Showed the final angiogram picture after LM bifurcation angioplasty with two stents using the DK crush technique. The angiographic result for LCx ostium was satisfactory but OCT pullback of the main branch (MB) after final kissing balloon inflation (KBI) showed hanging stent struts (red) across LCx ostium on the cross-sectional view (B), on 3D reconstruction (C), and on the rendered stent view (D). The same patient presented with crescendo angina after 9 months, and angiography showed LCx ostial ISR (E). OCT pullback of MB showed complete endothelization of hanging stent struts across LCx as a cause of ostial ISR (F,G).



[image: Figure 8]
FIGURE 8. OCT in bifurcation angioplasty. Coronary angiography showed a significant LAD/D1 stenosis (A) with Medina class (1, 1, 1). Patient underwent bifurcation angioplasty with two stents using the DK crush technique (F). OCT run of LAD after final KBI showed no edge dissection (B,E) and dumbbell sign (C). No hanging stent struts seen across D1 ostium on 3D reconstruction (D) and on L mode (G). No neo-metallic carina seen at LAD/D1 bifurcation on the rendered stent view (G).


Side branch ostial dimensions can also be assessed by an MB pullback, but often, due to the non-coaxial position of the OCT catheter relative to the SB or to extreme angulation between the SB and the MB, the error in the assessment of the SB ostium area is particularly high and should be avoided. Recently, the assessment of SB ostium using the “cut plane analysis” via a dedicated “QAngioOCT” software has shown to significantly reduce the error in the assessment of SB ostium and provides highly reliable and reproducible measurements (96).


OCT in LM Bifurcation Lesions

LM lesions display specific features (diameter discrepancies between MB and SB, tapered anatomy, plaque eccentricity, and increased likelihood of calcifications) that are difficult to analyze correctly with angiography alone. Guidelines recommend IVUS for LM angioplasty, principally because of the theoretical limitations of OCT in imaging the LM body due to its bigger size and the LM ostia due to poor blood clearance. Recently, many trials have investigated OCT-guided mid and distal LM PCI with the results comparable, if not superior, to IVUS (97, 98) and also demonstrated that 81% of OCT image frames in LM PCI were analyzable and that most of the non-analyzable, artifact frames were in the proximal LM (97).

The ROCK-1 (99) retrospective study demonstrated that a substantial number of acute strut malapposition and stent under-expansion in bifurcation stenting were detected under OCT guidance. Compared with standard angiographic guidance alone, late lumen loss in a 6-month follow-up tended to be lower in the OCT group (0.12 ± 0.41 vs. 0.26 ± 0.52 mm, p = 0.10), and was significantly reduced in the distal portion of the main vessel (0.03 ± 0.45 vs. 0.24 ± 0.53 mm, p = 0.025). In the 70 patients included in the final analysis of the LEMON study (100) which aimed to analyze the feasibility, safety, and impact of OCT-guided LM PCI, the primary endpoint of procedural success was achieved in 86% of subjects. Adequate stent expansion was observed in 86%, significant edge dissection in 30%, and residual significant strut malapposition in 24% of the cases. OCT guidance modified operators' strategy in one out of four despite experienced operators and acceptable angiographic results. Additionally, 1-year survival free from major clinical adverse events was 98.6%. Therefore, we recommend OCT for distal LM bifurcation angioplasty performed either provisionally or with a two-stent strategy upfront as it can image most sizes of LM encountered by the interventionalist and has the distinct advantage of post-PCI SB ostial optimization compared with IVUS.

An aorto-ostial lesion, which has been a significant limitation of OCT, has recently been observed with the help of the soft polymer tip of the guide-extension catheter named “Telescope” (Medtronic Cardiovascular, Santa Rosa, CA, USA). This catheter has a helical coil constitution with a relatively wide gap that enables the penetration of infrared (IR) light through the soft polymer. It is certainly a step forward into the uncharted territory of OCT-guided ostial LM stenting. LM ostia can also be imaged by placing a guidewire in the aorta and aligning the guide catheter to the coronary ostia (Figure 9).
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FIGURE 9. Left main ostial imaging with OCT. OCT pullback from LAD to LM after provisional LM ostial to LAD crossover angioplasty with one wire in the aorta. Hanging stent struts in the aorta (suggestive of LM ostial coverage) can be clearly seen along with some malapposed struts both in the cross-sectional and rendered stent view.





OCT FOR CORONARY ARTERY ANEURYSM

In comparison to IVUS, OCT has a limited role in imaging large coronary artery aneurysms (CAAs), but it can provide valuable inputs such as differentiation between true aneurysms or pseudoaneurysms and the state of adjacent coronaries in small CAAs. The introduction of DES has led to an increasing number of reports of stent-related aneurysms that can sometimes be fatal (101). This may be partly explained by the antiproliferative action of DES, which may delay neointimal healing after vessel wall injury, thus predisposing the vessel to aneurysm formation. CAAs can be managed with covered stents, and an “eclipse sign” has been described post-stenting in a CAA due to the eclipse-like appearance of the covered stent OCT (102).



CONTRAST SPARING OCT

In patients who have baseline renal dysfunction or are at a higher pre-procedural risk of developing contrast-induced nephropathy, novel contrast sparing techniques have been developed to permit the use of OCT in coronary revascularization. Low-molecular-weight dextran (LMWD) has been used as a substitute for contrast to clear the coronary blood field, and the same image quality and quantitative assessment has been achieved (103, 104). The use of OCT with LMWD has also been studied in patients with CKD, in whom the use of LMWD did not adversely affect renal function and achieved similar short- and long-term clinical outcomes compared to IVUS-guided PCI (105). However, its use is limited by the availability and risk of anaphylactoid reactions (106). Another medium that has been studied as an alternative to contrast is heparinized saline which has recently been demonstrated to be feasible and safe with acceptable image quality (107). One study showed that coronary dimensions measured using saline OCT were comparable to those obtained with contrast and hence saline OCT may be used as a contrast alternative for coronary OCT during PCI optimization (108) (Figure 10). Further studies in this field are needed to provide firm evidence on the feasibility of saline as a flushing media.


[image: Figure 10]
FIGURE 10. Comparison between saline and contrast OCT. The upper panel shows pre-PCI run of RCA using contrast as a flushing media and in the lower panel the same vessel is imaged using saline as a flushing media for OCT and compared for image quality. All the lesion morphologies (including plaque rupture, dissections, recanalized thrombus, and macrophages) seen in contrast OCT are clearly seen with saline OCT (marked by yellow arrows at the same level).




FUTURE OF OCT


Artificial Intelligence

It has emerged largely to positively enable the way we work, especially in the field of imaging, and a novel AI framework has been developed for automatic plaque characterization in OCT. Ultreon 1.0 software automatically detects the severity of calcium in lesions and measures the vessel diameter. Both internal and external validation have also been obtained. Chu et al. found that AI-enabled OCT had excellent consistency in quantifying plaque burden compared to manual measurements (109).



Development of a Hybrid OCT–IVUS Catheter

OCT and IVUS as individual guiding tools have certain limitations. However, combining the strengths of the two imaging techniques into one may create the most comprehensive intracoronary imaging guidance available. The initial prototypes were in development since 2011 and, after many animal and cadaveric studies, a hybrid IVUS–OCT catheter was first put into clinical application by Sheth et al. (110) in 2018, where the IVUS and OCT beams were aligned with each other, allowing for inherent co-registration and immediate simultaneous image acquisition and review. Lipid-laden plaques, BPs, and deeper tissues were more clearly identified with IVUS, whereas calcifications, stent struts, and fine dissections were more clearly identified with OCT imaging. Currently, the system does not allow stand-alone OCT acquisition. This catheter powered by Novasight system technology (Conavi Medical, Inc. Toronto, Canada) demonstrated the synergistic ability of the two modalities to characterize coronary atherosclerosis and produce high-quality co-registered images with clinically acceptable specifications with respect to the dimensions, speed, and resolution.

Another hybrid IVUS–OCT catheter system with dual sensors in a sequential arrangement consisting of an IVUS transducer and an optical lens has been developed by TERUMO (Tokyo, Japan) by merging IVUS and optical frequency domain imaging (OFDI) probes. In this hybrid catheter, IVUS or OCT can be used separately according to the circumstances during the procedure. For example, in the case of LM disease, the IVUS function can be used to assess the severity and guide treatment, whereas OCT can be utilized to assess wire recrossing, final results, and detect and treat underexpansion/malapposition and/or carina shift at the bifurcation.




CONCLUSION

Intracoronary OCT has been shown to be clearly more advantageous than angiographic guidance and, although its use results in clinical outcomes similar to IVUS guidance, the in-depth data and better visualization of the lesion morphology provided by OCT contribute to better intraprocedural decision-making capabilities. OCT is more sensitive in detecting vulnerable plaques, quantifying calcified lesions, guiding SB recrossing in bifurcation stenting, intrastent tissue protrusion, incomplete stent apposition, stent edge dissections, and intrastent thrombus when compared with IVUS. Further evidence on the clinical and long-term benefits of OCT guidance is anticipated from the ongoing large-scale ILUMIEN IV and OCTOBER trials. OCT overcomes its traditional pitfalls with the advent of saline-based OCT and ostial LM visualization with the advent of the “telescope” catheter, albeit in developmental stages. Improved clinical outcomes and awareness among interventionalists should increase the adoption of this imaging modality in clinical practice.
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IVUS guidance 72.8 vs. 70.6%,
respectively, p—0.29

- TVF occurred in 21 (5.2%) undergoing
OCTguided PCl and 19 (4.9%)
undergoing IUS-guided PCI
(non-inferiority = 0.042)

- Rate of binary restenosis was
comparable between OCT-guided PCI
and IVUS-guided PCI (n-stent: 1.6 vs.
1.6%, P = 1.00; and in-segment: 6.2 vs.
6.0%, P =1.00)

- Final median MSA was 5.79 mm? with
OCT and 5.89 mim? with IVUS guidance

- OCT guidance was non-inferior to IVUS

quidance (o = 0.001), but not superior

(p=0.42)

Untreated dissections and major

malapposition were significantly less.

frequent in OCT group compared with

IVUS group

Post-procedural minimum stent area was

6.31 mm? and 6.72  2.08 mm? in OCT

and IVUS group, respectively (P = 0.26)

8-month follow-up, in-segment MLA was

4.56 & 4.13 mm? in OCT and IVUS group,

respectively (non-inferiority < 0.001)

Stent expansion with OCT guidance
(98.01 & 16.14%) was noninferior to IVUS
(91.69 & 15.75%, non-inferiority<0.001)

Conclusion

OCT guidance for stent
implantation was associated
with smaller stent expansion
compared with conventional
IVUS guidance

OCT  provided ~ accurate
measurements of coronary
lumen  with  excellent
intra-observer reproducibility
OCT is much more sensitive
in detecting intrastent tissue
protrusion, incomplete stent
apposition, stent edge
dissection, and intrastent
thrombus compared

with IVUS

OCT and IVUS guidance
resuited in @ comparable
degree of stent expansion

OCT-guided PCl was
non-inferior to that of
patients undergoing
IVUS-guided PCI Stent
sizes were smaller in the
OCT arm compared with
the IVUS arm (2.92 vs.
2.99mm; p = 0.005)

OCT-guided PCl using
reference segment
EEL-based stent
optimization strategy was
safe and resulted in similar
MSA to that of IVUS-guided
PCI

OCT-guided PCl was not
inferior to IVUS-guided PCI
in terms of in-segment MLA
at 8 months Clinical
outcomes at 3 years
follow-up did not differ
between the two groups
Stent expansion with OCT
quidance using a dedicated
EEL-based sizing strategy
was non-inferior to that
achieved with MUS
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Study/Journal/ Sample size
Year/Design
CLI-OPCI (12)/Euro- © N=670
Intervention/2012/ « 335in the OCT
Retrospective, multicenter  group.
* 335inthe
Angio group

CLI-OPCI Il (13) (JACG 1,002 lesions (832

Cardiovasc patients)
Imaging)/2015/

Retrospective analysis,

multicenter

OGTAGS study 100 patients
(14)/Circulation: o 1

Cardiovascular * OCT-gided vs
interventions/2015/RCT,  angio-guided Nobori

Single center biolimus-eluting

DES implantation

ILUMIEN | (15)/European 418 patients (467

Heart stenosis)
Journal/2015/Prospective,
non-randomized,
observational
DOCTORS o N =240
(16)/Girculation/2016/ (NSTEMI-ACS)
RCT, multicenter * 120in the OCT
group
 120inthe
Angio group
ILUMIEN Il * N =450
(17)/Lancet/2016/RCT, '+ 158 35%) in OCT
multicenter o 146 [329%] in MUS
* 146 [329%]
angiographic
guidance

Exclusion—LM or
ostial RCA, bypass
graft stenosis, CTO,
planned two-stent
bifurcations, and ISR

LONDON PCI COHORT ~ OCT in 1,149 (1.3%)

(18YJACC: Cardiovascular patients, VUS in

interventions/2018/ 10971 (12.6%)

Registry (Observational)  patients Angiography
alone in 75,046
patients

ISIGHT (19)/Girculation:
Cardiovascular
interventions/2021/RCT

* N =156 lesions

* OCT [51 lesions
(82.79%))

« IVUS [52 lesions
(33.3%))
Angiography [53
lesions (34.0%)]

Primary end point

1-year rate of cardiac
death or MI

* 1-year MACE
(composite of
all-cause mortality,
Miand TLR)

* Association of
sub-optimal stent
deployment as.
assessed by offine
OCT with MACE at

1yr

Difference in

percentage of

uncovered struts in the

OCTguided vs. the

angio-guided group at

6-months

* Impact of OCT on
physician
decision-making

« MACE at 30 days
(cardiac death, MI
and target lesion
revascularization)

FFR post POl

* Post-PCI MSA as
assessed by OCT
* Tested-

- Non-inferiority of OCT
quidance to VUS
quidance -Superiority
of OCT guidance to
angiography
quidance

- Superiority of OCT
guidance to
VUS guidance

All-cause mortality at a
median of 4.8 years

Stent expansion (MSA
> 90% of the average
reference lumen arez)

Result

« OCT group vs. angio group-

- Cardiac death (1.2 vs. 4.5%, p = 0.010)

- Gardiac death or MI (6.6 vs. 13.0%, p = 0.006)

- Composite of cardiac death, MI, or repeat
revascularization (9.6 vs. 14.8%, p = 0.044)

- Post PCI OCT in the OCT group revealed adverse
features requiring further interventions in 34.7%
patients (1/3rd)

« Sub-optimal stent deployment required the
presence of at least 1 of the OCT findings-

1. Edge dissection: Presence of a linear rim of tissue
with clear separation and a wicith >200mm,
(<5mm) to a stent edge

2. Malapposition: stent-acjacent vessel lumen
distance >200mm

3. In-stent minimum lumen area (MLA) <4.5 mm?

4. In-stent MLA <70% of the average
reference lumen area

5. Intrastent plaque/thrombus protrusion >500mm
in thickness

« Suboptimal stent seen in 31.0% patients

« Independent predictors of MACE were In-stent
MLA < 4.5 mm2 (p—0.040), dissection >200mm
at the distal stent edge (0—0.004), and reference
lumen area <4.5 mm? at either distal (o < 0.001) or
proximal (o < 0.001) stent edges

OCT-guided PGl reslted in a lower proportion of

uncovered struts (4.3 vs. 9.0%, P < 0.01) and more

number of completely covered stents (17.5 vs. 2.2%,

P=0.02)

* Pre-PCIOCT

- Altered strategy in 55% of patients (57% stenosis)

- Selecting different stent lengths shorter in 25%,
longer in 43%

« Post PCI OCT

- Unsatisfactory resut in 25% of patients (27%
stenosis)

- 14.5% malapposition

- 7.6% under-expansion

- 2.7% edge dissection

Significantly higher FFR in OCT group (0.94  0.04

vs.0.92 & 0.05, P = 0.005) compared to

angiographic guided group.

* OCT led to altered procedural strategy in 55%
patients.

* Post-PCI OCT revealed

- Stent under-expansion 42%

- Stent malapposition 32%

- Incomplete lesion coverage in 20%

- Edge dissection in 37.5%

* Led to the more frequent use of poststent dilation in
the OCT-guided group vs. the angiography-guided
group (43 vs. 12.5%, P < 0.0001) with lower
residual stenosis (7.0 vs. 8.7%, P = 0.01)

Final median MSA was 5.79 mm? with OCT and
5.49 mm? with angiography guidance. OCT
guidance was not superior to angiography guidance
0=0.12)

- Minimum and mean stent expansion was
significantly improved by OCT [87.6% and 105.8%]
as compared with angiography (82.9%, P = 0.02
and 101.4%, P = 0,001, respectively)

- Untreated major dissections at end of procedure
and major malapposition were significantly less in
OCT guided group (28 and 11%) compared with
angiography group (44%, P = 0.006 and 31%, P
<0.0001)

OCT-guided PCl was associated with significantly

reduced mortality rates when compared with

angiography alone (9.60 vs. 16.80%; p < 0.0001)

Stent expansion with OCT guidance (98.01
16.14%) was superior to angiography (90.53
14.84%, P = 0.041)

Conclusion

OCT guided optimization can
improve clinical outcomes of
patients undergoing PCI

- Suboptimal stent deployment
was associated with an
increased risk of MACE
Presence of at least 1
significant  criterion~for
suboptimal ~ OCT  stent
deployment was  confirmed
as an independent predictor of
MACE (HR: 353, p < 0.001)
MAGE group had significantly
more findings of sub-optimal
stent deployment (59.2 vs.
26.9%; p <0.001)

OCT-guided optimization of DES
improves strut coverage in
comparison with angiographic:
guidance alone

- Decision-making was affected
by OCT imaging prior to PCI
in 55% and post-PCl in 25%
patients

- MAGE events at 30 days were
low: death 0.25%, MI 7.7%,
repeat PCI 1.7%, and stent
thrombosis 0.26%

* OCTguided PCl is associated
with higher post procedure FFR
* No significant difference in the
rate of procedural M
or complications

 OCT guided stent placement
was not  superior to
angiography-guided  stent
placement in terms of MSA
Minimum and mean stent
expansion were significantly
greater while untreated major
dissections and major
malapposition were
significantly less in OCT than
with angiography-guided PCI

OCT-guided PGl was associated
with improved MACE and
long-term survival compared
with angiography-guided PCI

Stent expansion with OCT
guidance was superior to an
optimized angiographic strategy
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