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Three-dimensional rendering of optical coherence 
tomography (OCT) images is a method that can be used 
for providing additive information for assessing the result 
of percutaneous coronary intervention (PCI), especially in 
complex lesions such as in bifurcations (1). While plaque 
shift has been considered the main underlying mechanism 
for side-branch compromise after stenting (2), new theories 
challenge the role of plaque shift and suggest carina shift to 
be a major contributor (3-6). We present a case were on-
line three-dimensional OCT was used to demonstrate the 
role of carina shift in side-branch pinching, following main 
vessel intervention.

A 53-year old female underwent primary PCI of the 
right coronary artery. One month later, she was referred 
to our centre for evaluation of a lesion in the left anterior 
descending artery (LAD), involving the bifurcation with 
the first diagonal branch (Figure 1A). Both LAD and the 
diagonal branch were evaluated by fractional flow reserve 
(FFR), with a positive result (FFR = 0.75) at the LAD 
and a negative at the diagonal branch (FFR = 0.85). OCT 
evaluation using the C7 Lightlab system (St Jude/Lightlab 
Img, Westford, MA, USA) was performed in both vessels 
(Figure 1A) and revealed a heavily diseased LAD with a 
minimum luminal area of 1.65 mm2 and a diagonal branch 
with moderate plaque burden limited to the ostium. In both 
vessels the carina was spared of disease (Figure 1A3 and 1A5). It 
was decided to proceed with a provisional stenting strategy of 
the LAD. Stent length selection was based on the assessment 
of the least diseased proximal and distal ‘landing zones’ by 
OCT and are shown in Figures 1A1 and 1A2. A 3.0/33 

mm Xience Prime™ (Abbott Vascular, Santa Clara, CA, 
USA) stent was implanted directly between these sites with 
an inflation pressure of 16 atm. OCT evaluation of the LAD 
after stent implantation revealed moderate underexpansion 
without malapposition (Figure 1B). Post-dilation was then 
performed using a 3.5 mm × 15 mm balloon inflated at 20 
atm. The final OCT examination documented a well-expanded 
stent without areas of malapposition (Figure 1C). Angiography 
showed a good result of the LAD, but revealed a moderate 
pinching of the ostium of the diagonal branch with 
Thrombolysis In Myocardial Infarction flow grade 3 in both 
vessels. 

Three-dimensional models were rendered from OCT 
pullbacks using dedicated on-line software (QAngioOCT, 
Prototype Version, Medis medical imaging systems bv, 
Leiden, Netherlands; Videos 1, 2, 3, 4) (7). In order to create 
the renderings, a DICOM file containing OCT images 
acquired by pullback was imported to the software and the 
3-dimensional renderings were generated. By this software 
it is possible to generate cutaway views or fly-through 
views (i.e. showing the morphology of the vessel from the 
site of the OCT catheter) with downstream (proximal-
to-distal) or upstream (distal-to-proximal) orientation. 
Figure 2 illustrates the involvement of carina shift as the 
underlying mechanism for side-branch pinching in our case. 
Longitudinal and 3-dimensional renderings of the OCT 
images clearly demonstrate a movement of the carina towards 
the direction of the side-branch, leading to a reduction of the 
area of the side-branch ostium. As demonstrated by the cross-
sectional OCT images in Figure 1, there was no plaque at the 
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Figure 1 Coronary angiography and optical coherence tomography cross-sectional images (A) before intervention, (B) after stent 
implantation, and (C) after post-dilation. A1 and A2: Proximal and distal sites for stent implantation. A3: Cross-sectional OCT image from 
the diagonal branch near the ostium showing a fibrous plaque with moderate plaque burden, while the carina opposite to the plaque (arrow) 
is spared of disease. A4: Cross-sectional OCT image from the main vessel, at the ostium of the side-branch. There is a mixed plaque with 
high plaque burden opposite to the side-branch ostium. A5: Cross-sectional OCT image from the main vessel distally to the ostium of the 
diagonal branch. There is a mixed plaque with high plaque burden, while the carina opposite to the plaque (arrow) is spared of disease. 
This is also the site of the minimal luminal area. B4: OCT image after stent implantation of the same site as in panel A4. B5: OCT image 
after stent implantation of the same site as in panel A5. Note the luminal enlargement accompanied by a reduction of the side-branch area 
without the presence of plaque at the carina. C4: OCT image after stent implantation of the same site as in panel A4. C5. OCT image after 
post-dilation of the same site as in panel A5. Note the acceptable stent expansion, the reduction of the side-branch area and absence of 
plaque at the carina. Abbreviations: GW = guidewire, LAD = left anterior descending artery, diag = diagonal branch
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carina, while after intervention there was no evidence of plaque 
shift (Figures 1B5,C5). 

Intravascular ultrasound has been widely used for 
guidance in bifurcation lesions, aiding the visualization of 
plaque morphology at the main vessel and the side-branches 
and helping the selection of stent size and length as well as 
the selection of stenting strategy (2,3,5,6). However, due to 
the low spatial resolution of IVUS, all attempts for three-
dimensional visualization using fusion of 3-dimensional 
coronary angiography and IVUS images have only focused 
on visualization of the luminal contour and not on the vessel 
morphology or the vessel-stent interaction. Furthermore, 
the slow pullback speed of the IVUS catheter requires 
the use of prospective ECG-gating or post-procedural 
processing. By utilizing the superior resolution of OCT, it 
is now possible to evaluate vessel and stent surfaces in three 
dimensions with a high resolution.

Plaque shift has been traditionally considered as the 
principal mechanism for side-branch compromise after 
main vessel intervention (2), however recent intravascular 
imaging studies have provided new insights by suggesting 
carina shift as a major mechanism implicated in side-branch 
closure (3-6). It has also been suggested that the post-

stenting side-branch compromise underlying carina shift 
is not commonly associated with functional compromise as 
assessed by FFR (8), providing a plausible explanation for 
the poor association between angiographic and functional 
assessment of side-branch compromise after PCI (9). 
Furthermore, the presence of an ‘eyebrow’ sign (i.e. spiky 
carina at the longitudinal reconstruction of intravascular 
ultrasound images) has been associated with carina shift 
after main vessel stent implantation (5). Three-dimensional 
OCT is a new method that can assist the evaluation of 
bifurcation intervention, as it allows for visualization of the 
3-dimensional anatomy of the region providing information 
on stent expansion, guidewire position, side-branch ostium, 
orientation of the side-branch relatively to the main vessel, 
and carina shape (1,10).

In our case, we used OCT in order to evaluate the 
preprocedural morphology of the main vessel and the 
side-branch, and based on our findings, opted to use a 
provisional stenting strategy with a relatively long stent in 
order to treat this diffusely diseased vessel. Post-procedural 
evaluation guided the use of post-dilation. Additionally, 
3-dimensional OCT visualized the spiky carina morphology 
that was free of atheromatic disease, and illustrated how 

Video 1 Three-dimensional OCT downstream fly-through from 
the main vessel to the diagonal branch pre-intervention 

Video 2 Three-dimensional OCT downstream fly-through from 
the main vessel to the main branch pre-intervention 

Video 3 Three-dimensional OCT downstream fly-through from 
the main vessel to the main branch following stent implantation 

Video 4 Three-dimensional OCT downstream fly-through from 
the main vessel to the main branch following post-dilation
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carina shift towards the side-branch led to moderate 
angiographic narrowing of the side-branch ostium. Our case 
demonstrates how OCT constitutes a valuable tool for PCI 
guidance and also the utility of 3-dimensional renderings 
for assessing the mechanism of side-branch compromise 
following intervention in bifurcation lesions. This might 
guide clinical decision making in the future with OCT 
three-dimensional rendering becoming available in real-
time in the cathlab.
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