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Abstract 

Over the last decade, several in vivo and computational investigations have significantly advanced 

our understanding of the pathophysiology of coronary bifurcations, contributing to the enhancement 

of their percutaneous revascularization. The carina of the coronary bifurcations plays a substantial 

role in generating their main hemodynamic features, including distinctive flow patterns with 

secondary flows and specific shear stress patterns. These factors play a pivotal role in determining 

the susceptibility, development, and progression of atherosclerosis. The underlying 

pathophysiological mechanisms of atherosclerosis in coronary bifurcations are complex and 

multifactorial. Understanding these mechanisms is fundamental to comprehending lesions at the 

bifurcation level and informing future treatment strategies. This review aims to present the currently 

available data regarding the pathophysiological and prognostic role of the carina in coronary 

bifurcations, offering an interpretation of these findings from the perspective of interventional 

cardiologists, providing valuable insights for their clinical practice. 

Key words: Coronary bifurcation; Carina; Physiology; Pathophysiology; Treatment; 

Hemodynamics; Wall shear stress.  

 

 

 

 

 

 

 

 

 

 

 

 

 

https://onlinelibrary.wiley.com/doi/10.1002/ccd.31254


Accepted manuscript at https://onlinelibrary.wiley.com/doi/10.1002/ccd.31254  

3 
 

Nonstandard Abbreviations and Acronyms 

FFR: Fractional flow reserve 

IVUS: Intravascular ultrasound 

MACEs: Major adverse vascular events 

MB: Main branch 

MV: Main Vessel 

OCT: Optical coherence tomography 

OSI: Oscillatory shear index 

QCA: Quantitative coronary angiography 

RRT: Relative residence time 

SB: Side branch 

TAWSS: Time-averaged wall shear stress 

WSS: Wall shear stress 
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Introduction: 

In coronary bifurcations, the carina represents the point at which the proximal main branch 

(MB) divides into distal main vessel (MV) and side branch (SB) [1]. Coronary bifurcations are prone 

to disease due to anatomy-induced flow disturbances, such as flow separation, stagnation, 

recirculation, and vorticity production [2]. These disturbances contribute to multifaceted wall shear 

stress (WSS) profiles characterized by multi-directionality and intensity variability throughout the 

cardiac cycle [3-5]. As a flow divider, the carina splits the incoming blood into two distinct flows [6-

8]. This unique hemodynamic environment is critical for the development of atherosclerotic plaques, 

making coronary bifurcations a preferential site for the onset of atherosclerotic disease.  

Over the last decade, various in-vivo, ex-vivo and in-silico investigations have contributed to 

understanding the atherosclerotic process in coronary bifurcations, demonstrating that the endothelial 

function is affected by specific blood flow patterns distilling into peculiar endothelial shear stress 

(ESS) signatures [9-10].  

Specifically, computational fluid dynamics (CFD) has emerged as a promising technology for 

interventional cardiologists to enhance their understanding of coronary artery disease (CAD) 

pathophysiology and improve decision-making in patient management. CFD allows for the non-

invasive assessment of hemodynamic parameters, such as wall shear stress (WSS), pressure gradients, 

and the severity of coronary artery stenoses [9-10], which play a crucial role in the initiation and 

progression of atherosclerosis. By simulating blood flow patterns and the effects of interventional 

procedures, CFD can aid in preoperative planning in interventional cardiology, device design 

optimization, and risk assessment [11].  In this context, the aim of this review is to present the 

currently available data regarding the pathophysiological properties of the carina in coronary 

bifurcations and its link with the underlying hemodynamics, providing an interpretation of the 

reported findings from the perspective of interventional cardiologists.  
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Impact of carina geometry on hemodynamics  

In a coronary bifurcation (Figure 1), the geometry of the carina, in terms of dimensions, angle, 

curvature and anatomical features, locally affects the hemodynamics at the bifurcation level, where 

flow disturbances occur (Figure 2, panel A) [12, 13]. In particular, the carina bifurcation angle, its 

shape and curvature influence the natural history of the bifurcation in several ways [14]: 

i) Impacting atherosclerosis proliferation by affecting the ESS which can be expressed in 

terms of several WSS-based quantities. A detail list of WSS-based quantities, which are 

typically linked to biological aggravating events at the vessel wall, is reported in Table 1 

[15-17]. Geometrically, as the carina angle increases, the cycle-average value of the WSS 

magnitude decreases. Moreover, the amount of WSS direction reversal along the cardiac 

cycle increases significantly around the carina, inducing plaque proliferation at the 

bifurcation region [18, 19]. To this regard, Paliniggi et al. [20] suggested that a carina 

bifurcations angle <30° was an independent predictor of SB occlusion after MV stenting. 

In a coronary bifurcation, a change in the carina angle implies an increase in the angle's 

value in degrees, making it more obtuse. Therefore, a wider carina angle, which is often 

associated with a greater risk of SB occlusion, indicates a more open configuration 

between the main vessel and the side branch. Conversely, a narrower angle can lead to 

increased risk of complications due to carina shift, which affects blood flow dynamics and 

can compromise the SB [15-19]. However, the pathophysiological mechanism related to 

the side branch SB occlusion was not based on WSS values but likely on the interaction 

of multiple rheological phenomena.  Theoretically, it is possible to quantify the SB ostial 

length, which is defined as the ratio between the reference diameter of the SB and the sine 

of the of the bifurcation angle [14]. Therefore, a narrower bifurcation angle results in a 

longer side branch (SB) ostial length, presenting a more pronounced elliptical shape [21-

23] (Figure 2, Panel B). From an interventional perspective, these characteristics suggest 
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that bifurcations with a narrow angle necessitate more extensive dilation of the SB ostium 

than what is typically estimated based on the distal reference vessel diameter. This 

highlights the importance of considering the unique anatomical features of the bifurcation 

when planning interventions to ensure optimal outcomes. Additionally, the angulation of 

the SB take-off should be considered as it influences the severity and extent of 

atherosclerosis in the bifurcation. In this regard, the atherosclerotic burden increases as 

the carina angle rises [24]. Furthermore, as the bifurcation angle increases, the wall shear 

stress (WSS) decreases around the carina, while an increase in daughter diameters alters 

the WSS at surface sites opposite to the carina [25].  

ii) Indirectly altering and complicating the assessment of coronary bifurcations. In general, 

coronary angiography cannot accurately visualize the carina area, and therefore its 

atherosclerotic involvement, due to overlapping of the MV and the SB.  This limitation 

can be partially overcome by resorting to dedicated angiographic projections, such as the 

reverse spider view (viewable in the left anterior oblique (LAO) 45°–50° and Caudal 30°–

35°projection) [26]. It is also worth noting that the visual estimation of the carina 

bifurcation angle has largely been replaced by quantitative coronary angiography (QCA) 

analysis [27]. QCA is a software-based technique used to quantify coronary stenosis by 

comparing the diameter of the stenosis to a reference diameter, typically that of the guiding 

catheter. In recent years, specialized QCA bifurcation software has been developed and 

validated because single-vessel QCA has proven to be inaccurate for assessing bifurcation 

lesion dimensions [28]. However, intracoronary imaging, including intravascular 

ultrasound (IVUS) and optical coherence tomography (OCT), offers a more accurate 

assessment of plaque distribution and bifurcation angle compared to angiography alone, 

providing more precise morphological data and potential implications for the patient’s 

outcome. For example, displaying an OCT frame and angiography side-by-side allows for 

a more precise identification of the carina and SBs (Figure 3) [29].  
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iii) Influencing the SB geometry and predisposing to the carina shift after stenting.  The carina 

shift is a phenomenon determining the shift of the highly mobile ‘soft’ tissue located at 

the flow divider. The plaque shift is potentially capable of triggering haemodynamically 

significant stenotic lesions in the SB. Generally, the plaque is shifted mostly from the 

proximal MV [30]. Moreover, plaque type, especially those calcified, highly influenced 

the changes in shape and dimensions of the SB ostium by inducing an elliptic lumen cross-

section and reducing the lumen area [31]. However, these geometric changes, resulting 

from the straightening of the MB which stretches the SB and the displacement of the carina 

towards the SB due to stent expansion, are rarely associated with hemodynamically 

significant compromise, as evidenced by post-implantation fractional flow reserve (FFR) 

measurements of the SB. [32]. Additionally, an over-dilation of the distal part of the 

stented MV can cause overstretching of the coronary segment, potentially leading to carina 

shift or SB occlusion. Conversely, under-expansion of the proximal MV stent, particularly 

at the polygon of confluence (POC), defined as the area where the distal LM, ostial left 

anterior descending (LAD), and ostial left circumflex (LCX) arteries converge, may result 

in in-stent restenosis. Currently, the carina bifurcation angle is one of the crucial factors 

in determining the stenting strategy. The current guidelines from the European Bifurcation 

Club (EBC) suggest that carina angles >60° should be approached using single stent 

strategies, when feasible [33, 34]. Furthermore, extreme carina angles (>90°) complicate 

primary SB wiring [14]. Additionally, the carina angle may also influence the stent 

expansion at the SB ostium in the case of double stenting technique, thereby increasing 

the risk of restenosis [33] (Figure 4). Dou et al. validated the RESOLVE score, an 

angiographic scoring system used to evaluate the risk of SB occlusion in bifurcation 

interventions based on six different items, including the bifurcation angle [35]. Both the 

QCA-derived and visually estimated RESOLVE scores have demonstrated similar 

accuracy in stratifying the risk of SB occlusion in coronary bifurcation interventions [36]. 
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Finally, the presence of a spiky carina at the IVUS (also called the "eyebrow sign"), has 

been identify as aa predictor of ostial SB stenosis after MB stenting, irrespective of the 

lesion’s anatomical location, and exhibiting high sensitivity, specificity and predictive 

value [37]. 

iv) Influencing the growth of atherosclerosis and the long-term clinical outcomes 

following coronary bifurcation stenting, often referred to as the “carina paradox” 

[30]. This area is characterized by regions of high (atheroprotective) and low 

(atheroprone) endothelial shear stress (ESS), with plaque formation occurring in the 

low ESS regions and extending to the high ESS carina wall [30]. The deployment of 

stents at flow divider sites alters boundary layer separation, resulting in reduced mean 

wall shear stress (WSS) values, increased residence time of blood components, and 

poor mass transfer. These changes can lead to delayed arterial healing and uncovered 

struts at the carina, which are low-flow regions that may promote major adverse 

cardiovascular events (MACEs) [33, 34], including in-stent restenosis, thrombosis, 

and target lesion failure [38]. 

Hemodynamic features at the carina before stenting 

Coronary bifurcations are typically described using the Medina classification, which identifies the 

presence of coronary stenosis with a diameter > 50% in each of the three arterial segments (MV, MB 

and SB, respectively) using a binary code of "0" and "1". Specifically, "1" indicates the presence of 

stenosis, while "0" denotes the absence of stenosis at that location [39]. The prevalence of plaque at 

the carina was observed in one out of three bifurcations and was lower in 1,1,0 bifurcation lesions, 

according to the Medina classification, by 30% of cases [38]. The complex shear forces exerted by 

flowing blood on the endothelium play a continuous role in the development, growth, and remodelling 

of coronary arteries, particularly at bifurcations. endothelial cells exposed to physiological and 

predominantly unidirectional WSS maintain a quiescent state, while those subjected to low WSS tend 
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to exhibit an inflammatory response [40, 41]. In coronary bifurcations, before stenting, there is a 

coexistence of low and high WSS magnitude patterns. Specifically, time-averaged wall shear stress 

(TAWSS), high oscillatory shear index (OSI), and high relative residence time (RRT) regions are 

located at the lateral walls opposite to the carina in healthy bifurcations and at the daughter branches 

downstream in case of stenosis [42, 43] (Table 1). Moreover, in diseased SB having different 

bifurcation angles, some limited areas exposed to low and oscillatory WSS may be present [14]. In 

this regard, previous studies have shown that a wider bifurcation angle can promote plaque 

proliferation and result in more severe stenosis at the SB ostium, consequently increasing the risk of 

SB occlusion. [42].  

In low WSS areas, inflammatory cells, especially monocytes, interact with adhesion molecules such 

as vascular cell adhesion molecule (VCAM)-1 and monocyte chemotactic protein (MCP)-1 

(transcriptional targets of AP-1 and NF-jB), expressed on the activated endothelial cells. 

Subsequently, monocytes, in the sub-endothelial layer, transform into macrophages and differentiate 

into foam cells, starting or maintaining the atherosclerotic process [44]. Physiologically high flow, 

and consequently physiologically higher WSS magnitude values, should prevent the onset of 

atherosclerosis at the carina [39].  

The higher WSS and blood flow velocity at the carina level, and lower at the lateral walls [45], have 

led to the long-standing belief that the carina involvement in atherosclerosis was extremely unusual 

[46]. However, more recent IVUS investigations have shown that carina is not immune to 

atherosclerosis [47].  

Hemodynamic features at the carina after stenting 

It appears clear that the carina bifurcation angle remains a crucial aspect to be considered during the 

interventional procedure planning [47]. Stents alter the local artery geometry and, consequently, the 

local hemodynamic environment. The height and width of stent struts can disrupt local flow patterns, 

creating regions of disturbed shear stress between the struts [48, 49]. Higher WSS on the abluminal 
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surface of the struts promotes platelet activation and their recirculation in lower WSS zones. 

Conversely, low WSS magnitude values in the regions around the struts trigger the release of the 

platelet-derived growth factor stimulating endothelial proliferation [50, 51]. Furthermore, the 

longitudinal extension of the flow separation phenomenon may induce larger distal low WSS and 

low-velocity regions, creating thicker diffusive boundary layers in the near-wall region. This reduces 

the delivery of the drug from drug-eluting stents to the endothelium, thus increasing the risk of in-

stent restenosis [52]. Moreover, as blood velocity is restored in the stented vessel, the drug 

concentration in the drug-eluting stent decreases [53]. Regardless of stenting strategy (i.e., single or 

double stenting technique), the stent/s must conform to the bifurcation geometry. Carina’s anatomy 

may also impact the selection of stent sizes and the deployment technique, restricting the deployments 

of stents. 

Provisional approach 

Over the past two decades, several major randomized trials comparing single versus double stent 

techniques for treating coronary bifurcations have been conducted. These trials have highlighted that 

the 'provisional' SB stenting strategy is generally preferred in most situations [54-55]. This strategy 

starts with one stent deployed accordingly to the distal diameter of the MV, followed by the proximal 

optimisation technique (POT) and, if necessary, completed by the T-and-Protruding (TAP) or Culotte 

techniques. The goal of this approach is to minimize the amount of metal left at the bifurcation, 

particularly at the flow divider, compared to the two-stent method. In coronary bifurcations treated 

with single stenting, post-procedural blood flow patterns are primarily influenced by residual stenosis, 

while the presence of stent struts at the side branch (SB) orifice and at the carina causes only minor 

flow disturbances [56]. However, low carina angles have been associated with a higher risk of SB 

restenosis, attributed to both carina and plaque shift [56-58].  

A major drawback of the provisional stenting technique is the risk of SB closure after MV stenting 

which occur in about 8% of cases. The placement of a second wire in the SB during MV stenting 
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(“jailed wire”) may reduce the risk of transient or persistent SB occlusion but is not able to abolish it 

[59]. To address the limitations of the jailed wire technique, alternative methods have been proposed, 

including the conventional jailed balloon technique (C-JBT) and the modified jailed balloon 

technique (M-JBT). In the C-JBT, the side branch (SB) balloon is positioned to overlap the main 

branch (MB) stent completely across the bifurcation point, with the proximal marker of the MB stent 

and the jailed balloon (JB) closely aligned. The JB is inflated with low pressure (≤3 atm) only if SB 

flow is compromised after MB stenting [60]. In the M-JBT, the proximal end of the jailed balloon is 

carefully positioned so that it is attached only to the side of the MB stent. The size of the JB is 

uniformly set to half the size of the MB stent. Both the JB and MB stent are then dilated 

simultaneously at approximately 12 atm to prevent plaque or carina shifting during MB stent 

implantation [61].  

Furthermore, the potential benefits of final kissing balloon inflation (FKI) in bifurcation lesions 

remains a matter of debate, particularly following provisional stenting. Several data derived from 

retrospective analyses comparing the FKI strategy with the no-FKI strategy in patients treated with a 

single-stent technique using first-generation drug-eluting stents, did not detect any difference in 

clinical outcomes [62]. However, the use of ultrathin stents seems to be associated with less restenosis 

[63].   

Double-stent interventional approach 

Three major elements guide the decision to use a two-stent strategy: the bifurcation angle, the size 

and territory of distribution of the SB, and the lesion length at SB. Specifically, SBs with ostial disease 

extending >5 mm from the carina, which are as important as the MB in terms of both size and territory 

of distribution, are likely to require a two-stent strategy [64]. The most frequently applied two-stent 

techniques are mini-crush, culotte, DK-crush and its variants, Nano-Inverted-T stenting (NIT), and 

TAP [65]. However, some of these, such as culotte, T-stenting and double-kissing (DK-crush), 

generate a poor hemodynamic profile after the procedure [66]. Computational models assess the 
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impact of various carina bifurcation angles using three different double stenting techniques: Culotte, 

DK-Crush, and NIT [67, 68], revealed higher time-averaged WSS in both the MB and SB at any 

angles for NIT, compared to the other two techniques. At the carina, the WSS was slightly lower at 

45° and higher at 60° and 85° bifurcation angles than that of the DK and culotte technique, 

respectively.  Conversely, the DK crush technique resulted in higher WSS values at the carina across 

all bifurcation angles, while the largest area of lower WSS at the MB and SB was observed at a 

bifurcation angle of 60°. Finally, the Culotte technique resulted in higher average WSS, particularly 

at the carina and SB for a bifurcation angle of 60°. This technique showed slightly worse WSS values 

compared to the other two techniques at bifurcation angles of 45° and 80° (Table 2).  

The poor hemodynamic profile observed with some double-stenting techniques is often attributed to 

the presence of multiple metallic layers and malapposed or under-expanded struts, particularly at the 

carina [68]. The creation of a neo-metallic carina generates low blood flow velocities as well as low 

WSS magnitude values [68]. Moreover, malapposed struts at the carina lead to significant vorticity 

production and elevated shear rates, which increase the risk of platelet adhesion and subsequent 

thrombosis [42]. The culotte stenting induces regions of low WSS magnitude located either at the 

proximal and distal stent edges, while T-stenting allows the confinement of such regions only at the 

distal MB. Similarly, the Culotte technique creates an extensive region of low WSS opposite the 

carina, whereas the T-stenting technique results in smaller, more dispersed regions of low WSS [42]. 

Conversely, double-stenting techniques leaving a scarce amount of metal layers at the carina, such as 

the DK crush and the NIT, have showed more physiologic profile in the MB and MV, thanks to the 

use of ultrathin struts, very minimal crush and generation of a “true carina” [69, 70]. Moreover, these 

double stenting techniques usually do not generate low WSS regions in the SB [71].  

Implications for daily clinical practice 

The carina is a critical pathophysiological and prognostic factor in the treatment of coronary 

bifurcations. Each bifurcation is unique, and there is no one-size-fits-all stenting strategy. Evaluating 
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the carina is essential for planning the most suitable single- or double-stenting technique, with the 

goal of minimizing the risk of future clinical events. Current clinical evidence suggests that drug-

eluting stent implantation using a provisional approach is the gold standard for unselected bifurcated 

lesions [65, 66]. In this interventional approach, MV stent selection remains crucial to guarantee a 

satisfactory result [69]. Particular attention should be given to the risk of 'carina shift,' a phenomenon 

that involves the displacement of the highly mobile 'soft' tissue located at the flow divider [69-71].  

Provisional stenting should be used for bifurcation lesions with an intermediate-sized side branch 

(diameter ≥2–2.75 mm), with deployment of a stent into the side branch (SB) only if angiographic 

results are suboptimal, such as in cases of flow-limiting dissection, TIMI flow <2, or residual stenosis 

>70%. This approach typically results in a more physiological hemodynamic profile compared to 

many double-stenting techniques. However, re-wiring the SB can be challenging, either when re-

crossing the stent struts with a guidewire or advancing a balloon through the struts. These difficulties 

may arise from an under-expanded stent in the main vessel (MV), proximal vessel tortuosity, or a 

prohibitive angulation of the SB take-off [72]. 

However, many interventional cardiologists still consider the provisional approach unsuitable for 

coronary patients with complex bifurcation anatomies, resorting to a double-stenting approach. 

Culotte or crush techniques are preferable for bifurcations with more acute angles. However, several 

double-stenting approaches are encumbered by an unphysiological post-procedural hemodynamic 

profile. Nevertheless, the DK crush and NIT have shown to produce more physiological 

hemodynamic profiles in complex coronary bifurcations, thanks to the use of a lesser amount of metal 

layers at the carina, resulting in lower areas characterized by low WSS [73]. 

Assessing flow hemodynamics, particularly WSS and ESS, holds significant potential in coronary 

artery interventions. These parameters offer crucial insights into blood flow conditions and their 

interaction with vascular walls, aiding in understanding atherosclerosis progression and identifying 

vulnerable plaques. Furthermore, combining FFR with WSS and ESS measurements can enhance the 
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functional assessment of coronary lesions. Moreover, evaluating in-vivo WSS and ESS may provide 

valuable information for optimizing stent design and placement. Additionally, integrating these 

rheological parameters with novel intracoronary imaging techniques may allow the creation of 

patient-specific hemodynamic models, enhancing intervention effectiveness. Finally, the continuous 

development of artificial intelligence in cardiovascular medicine, combined with machine learning 

and CFD models, could facilitate real-time decision-making during interventions, improving overall 

efficiency and effectiveness [74]. 

Conclusions 

The carina is crucial in the development and progression of atherosclerotic disease and in determining 

outcomes and guiding stenting strategies in percutaneous coronary intervention for coronary 

bifurcations. The geometry of the carina and the hemodynamic profiles resulting from the division of 

anterograde flow contribute to disease progression. Therefore, understanding the rheological 

properties of the carina is crucial for improving both the diagnosis and treatment of coronary 

bifurcations, thereby aiding in operative decision-making in daily clinical practice. 
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Near-wall hemodynamic descriptor Definition 

Wall shear stress (WSS) The frictional force exerted by flowing blood 

on the vessel wall per unit area. Is represented 

by the vector whose magnitude is equal to the 

viscous stress on the surface, and whose 

direction is the direction of the viscous stress 

acting on the surface. 

Low and oscillatory WSS increases the 

expression of inflammatory intercellular 

adhesion receptors such as ICAM-1 and 

VCAM-1. 

 

Time-averaged Wall shares Stress (TAWSS) 

 

The WSS averaged over the cardiac cycle 

(WSS vector magnitude at the wall over the 

cardiac cycle) 

Oscillatory Shear Index (OSI) A measure quantifying the degree of deviation 

of the WSS from its average direction during 

the heartbeat cycle due to either secondary or 

reverse flow velocity components occurring in 

pulsatile flow.  

Higher OSI occurs in the region with high flow 

recirculation. 

Relative Residence Time (RRT) The inverse of time average WSS vector 

magnitude. It represents a measure of solute 

residence time in proximity to the endothelium.  

High RRT associated with neointima 

hyperplasia, thrombus formation and in-stent 

restenosis. Specifically, tissue growth in a 

stented coronary artery is prominent at the sites 

of low WSS 

Transverse wall shear stress  Average wall shear stress (WSS)vector 

component acting orthogonal to the cardiac 

cycle averaged WSS vector direction 

 

Table 1. Definitions of the main near-wall hemodynamic descriptors at the level of coronary 

bifurcations.  
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Type of double stent 

interventional approach 

Hemodynamic consequences 

NIT - Higher time-averaged WSS in both the MB and SB at any 

angles compared to the other techniques.  

- At the carina, the WSS was slightly lower at 45° and 

higher at 60° and 85°. 

 

DK Crush - Higher WSS values at the carina across all bifurcation 

angles. 

- The largest area of lower WSS at the MB and SB was 

observed at a bifurcation angle of 60°. 

Culotte - Higher average WSS, particularly at the carina and SB for 

a bifurcation angle of 60°. 

- Worse WSS values compared to the other two techniques 

at bifurcation angles of 45° and 80°. 

 

Table 2. Main hemodynamic consequence, stratified according to different double stenting 

techniques used for the treatment of coronary bifurcation lesions.  WSS: Wall shear stress; MB: 

Main branch; SB: Side branch.  
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Figures 

Figure 1. (Left panel): Schematic representation of a typical coronary bifurcation, including its 

associated bifurcation angle (in red); (Right panel): Optical coherence tomography reconstruction of 

a coronary bifurcation carina (between the dotted lines). SB: Side branch; MV: Main vessel; MB: 

Main branch; * Carina.  
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Figure 2. Panel (A): Different wall shear stress region in a coronary artery bifurcation 

representation and its associated bifurcation angle (orange). MV: Main vessel: MB: Main branch; 

SB: Side branch. Panel B: Relationship between bifurcation angle (α), the side branch ostial length 

(d) and the side branch reference diameter (L).    
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Figure 3. Cut-plane analysis using optical coherence tomography (OCT) pullback from main vessel 

(MV) and angle measurement in longitudinal view. (A) distal reference site, (B) carina tip and (C) 

proximal branching point. Carina tip angle represents the angle between lumen contour lines of 

main branch and side branch at the carina, blue circle. MV: Main vessel; SB: Side branch; MV: 

Main vessel. 
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Figure 4. Optical coherence tomography of complex left-main bifurcation disease after a double-

stenting approach using the Nano-inverted reverse T technique with virtual angioscopy in the left 

upper panel which reveals an optimal coverage of the side branch (SB) ostium at the carina level 

(red arrow) and a good expansion of the stent in the main vessel (MV) in the main panel at the same 

level (red arrow). 

 

 

 

 

 

 

 

 

https://onlinelibrary.wiley.com/doi/10.1002/ccd.31254

