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In assessment of dual antiplatelet therapy with drug-eluting stent 

(ADAPT-DES) substudy, IVUS guidance compared with angiography in 

8,583 ‘all-comers’ pts at 11 international centers. 

Conclusion: Compared with angiography, IVUS guidance reduces ST  

          in addition to MI and MACE within 1 year after DES implantation. 

Witzenbichler B et al. Circulation 2014;129:463-470. 

P = 0.01 

HR: 0.50 [95% CI: 0.29, 0.86] 
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IVUS- vs. angio-guided PCI with DES 



Wakayama Medical University 

0

10

20

30

Larger Size of 

Stent/Balloon  

Higher 

Pressure Others 
Post Dilation 

Under-

Expansion 

Malapposition 

Additional 

Stent 

(%) 

No Change 

IVUS changed the procedure 

74% of the time.  

How IVUS changed the procedure in ADAPT-DES substudy  

Witzenbichler B et al. Circulation 2014;129:463-470. 
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IVUS-guided DES implantation is associated with significantly lower 

rates of adverse clinical events compared with angiography guidance. 

A meta-analysis  

of randomized trials and observational studies 

IVUS- vs. angio-guided PCI with DES 

Favors IVUS 
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Intracoronary imaging & physiology in ESC guideline 2014 

Eur Heart J. 2014;35:2541-2619 
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Events at 1-year follow-up 

Prati F, et al., EuroIntervention 2012;8:823-829 

The use of OCT can improve clinical outcomes of patients 

undergoing PCI. 

The retrospective Centro per la Lotta contro l’Infarto- 

Optimisation of Percutaneous Coronary Intervention (CLI-OPCI) study 

OCT- vs. angio-guided PCI with DES or BMS 
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Comparison of measurements (OCT, IVUS & QCA) 
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Kubo T, Akasaka T, et al. JACC Cardiovasc Img. 2013;6:1095-1104 
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Definition of incomplete stent appostion (ISA) 

Xience  

2.5 x 15mm 
Strut 

blooming 

Strut 

ISA distance 

Polymer 

ISA was defined as a ISA 

distance of >100 μm in EES 

and >170 μm in SES.  
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Figure 2	
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Figure 4	
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1-Specificity	

EES SES 

ROC curve analysis identified a maximum ISA 

distance of SES > 285μm with as separating 

persistent from resolved ISA (sensitivity 93%, 

specificity 80%, area under the curve = 0.947; 

95%CI, 0.878 to 1.015). 

ROC curve analysis identified a maximum ISA 

distance of EES > 355μm with as separating 

persistent from resolved ISA (sensitivity 100%, 

specificity 75%, area under the curve = 0.905; 

95%CI, 0.812 to 0.999). 

ROC curve analysis of maximum ISA distance for  
predicting persistent ISA (Subanalysis of RESET study) 

Cut-off value = 355μm 

Sensitivity = 1.00  

Specificity = 0.75  

Cut-off value = 285μm 

Sensitivity = 0.93  

Specificity = 0.80  

Shimamura K. et al, Eur Heart J CV Imaging  2015;16:23-28 
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３-D reconstruction and auto-demonstration of incomplete apposition of 
stent can be demonstrated as fly through image by new OCT. 

New Development in OCT 
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Lipid-arc = 360 degree 

Fibrous-cap thickness = 90 μm 

Broken calcium plate 

Post-high pressure ballooning 

Broken calcium plate Broken calcium plate 
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Lipid-arc = 360 degree 

Fibrous-cap thickness = 90 μm 

Broken calcium plate Stent malappsoition 

Malapposesd distance = 400 μm 

Broken calcium plate 

Stent area = 5.5 mm2 

RV 

510 μm 

160 μm 

Post-balloon dilatation 
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Calcium fracture (+) 

(n = 29) 
Calcium fracture (-) 

(n = 32) 

Stent expansion at post-PCI  
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(n = 29) 
Calcium fracture (-) 

(n = 32) 

Minimum stent area and stent expansion index were significantly 

greater in the group with calcium fracture compared with the group 

without calcium fracture.  

Minimum stent area Stent expansion index 

p = 0.047 p = 0.030 
(mm2) 

5.02± 1.43  

4.33± 1.22  
0.88± 0.17  

0.78± 0.18  

Kubo, Akasaka et al. JACC Imag 2015;8:1228-9 
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(n = 29) 
Calcium fracture (-) 

(n = 32) 

Restenosis and TLR at 10 months follow-up 
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(n = 32) 

The frequency of binary restenosis and target lesion 

revascularization was significantly lower in the group with calcium 

fracture compared with the group without calcium fracture. 

Binary restenosis Target lesion revascularization 

p = 0.024 p = 0.046 

(%) 

14% 

41%  

7% 

28%  

(%) 

Kubo, Akasaka et al. JACC Imag 2015;8:1228-9 
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Prediction of calcium plate fracture by ballooning 

OFDI was performed to assess vascular response immediately after high 

pressure ballooning in 61 patients with severe calcified coronary lesion. 

Conclusion: A calcium plate thickness < 505 μm was the 

    corresponding cut-off value for predicting calcium 

          plate fracture by high pressure ballooning. 

Cut off = 505μm 

AUC = 0.943 

Sensitivity: 87% 

Specificity: 86% 

100 200 300 400 500 600 700 800 0 (μm) 

Median = 450μm; Lower quartile = 300μm; Upper 

quartile = 660μm; Minimum = 110μm; and Maximum = 

770μm. 

Thickness distribution of calcium fracture  

Kubo, Akasaka et al. JACC Imag 2015;8:1228-9 
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Kubo T, et al. J Cardiol 2016;68:455-460 

Prospective, multi-center (n=42), randomized (1:1) non- 

inferiority trial comparing OFDI-guided PCI with IVUS-guided PCI   

The OPINION study design 

PI: Takashi Akasaka, MD,PhD, FESC 
Sponsor: Terumo corporation 
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LCX 

Dx 

LM 

MLA 1.95 mm2 

Ø  = 1.56 mm, AS = 76.5% 

Lesion length 26 mm 

Area 8.29 mm2 

Ø  = 3.12 mm 
Area 8.32 mm2 

Ø  = 3.04 mm 

Area 8.79 mm2 

Ø  = 3.25 mm 

Lesion length 28 mm 

1) Scroll reference vessel 

markers to proximal 

and distal lesion edges. 

2) Attempt to identify 

segment of vessel within 

5mm with at least >180 

degrees of visible EEL 

3) Reposition reference 

scroll marker accordingly 

How to identify reference segments; stent length 
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LCX 

Dx 

LM 

MLA 1.95 mm2 

Ø  = 1.56 mm, AS = 76.5% 
Area 8.32 mm2 

Ø  = 3.24 mm 

Area 8.79 mm2 

Ø  = 3.55 mm 

Lesion length 28 mm 

 Largest reference lumen (prox or dist) 

 Mean lumen diameter or area 

Most normal looking site 

How to identify the EEL; stent diameter 
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Conclusion: Lipidic plaque in the stent edge segments at post- PCI 

                      was a predictor of late stent edge restenosis.  

In 744 stent (EES) edge segments, OCT was used to evaluate 
morphological characteristics of the coronary plaques that 
developed stent edge restenosis. 

(A) Immediately after EES implantation, OCT images showed lipid rich plaque at the proximal stent edge (a, b). 

(B) At 10-month follow-up, angiography demonstrated stent edge restenosis at the proximal edge of the stent. 

Post-stenting 10 months follow-up Stent edge restenosis 

Precursor lesion of stent edge restenosis 

Ino Y, et al. Cric CV Interv 2016;9:e004231  

DOI:10.1161/CIRCINTERVENTIONS.116.004231. 
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Relation between lipid arc in stent edge at the time 

of PCI & frequency of SER at 9-12 months follow-up 

Within lepidic plaques, stent edge restenosis could be identified  

more frequently in cases with grater lipid arc at the stent edge. 

Ino Y, et al. Cric CV Interv 2016;9:e004231  

DOI:10.1161/CIRCINTERVENTIONS.116.004231. 
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Multivariate logistic regression analysis of 

independent predictors for stent edge restenosis 

Odds ratio 95% CI p-value 

Lipidic plaque in stent 

edge segment 
5.99 2.89-12.81 <0.001 

Tissue protrusion 1.58 0.53-4.05 0.384 

Stent area at stent border 1.12 0.81-1.51 0.487 

Minimum lumen area 0.642 0.42-0.96 0.029 

Ratio of stent area at stent 

border to averaged lumen 

area in stent edge segment 

0.58 0.11-2.62 0.491 

CI= 

confidence 

interval. 
Ino Y, et al. Cric CV Interv 2016;9:e004231  

DOI:10.1161/CIRCINTERVENTIONS.116.004231. 
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Post-PCI assessment, #6 90%, (MultiLink 4.0× 15mm) 

Segmented view 

Lumen profile 
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  OFDI-guided PCI IVUS-guided PCI 

Reference site 
• Most normal looking  

• No lipidic plaque 

• Largest lumen 

• Plaque burden < 50% 

Determination 

of stent 

diameter 

• By measuring lumen 

diameter at proximal and 

distal reference sites  

• By measuring vessel 

diameter at proximal and 

distal reference sites 

Determination 

of stent length 
• By measuring distance from distal to proximal reference site 

Goal of stent 

deployment 

• In-stent minimal lumen area ≥ 90% of the average 

reference lumen area 

• Complete apposition of the stent over its entire length against 

the vessel wall  

• Symmetric stent expansion defined by minimum lumen 

diameter / maximum lumen diameter ≥ 0.7  

• No plaque protrusion, thrombus, or edge dissection with 

potential to provoke flow disturbances  

OFDI and IVUS criteria of 
optimal stent deployment 

Kubo T, et al. J Cardiol 2016;68:455-460 
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TVF 

OFDI 

IVUS 

OFDI 

IVUS 

OFDI 
IVUS 

OFDI 
IVUS 

Event number / study patient 

OFDI 
IVUS 

95 % CI P value 

HR for upper limit of non-inferiority; 1.85 

HR: 95 % CI 

Kubo T, Akasaka T, et al. Eur Heart J. 2017;38:accepted 



Wakayama Medical University 

MACE, TVR, CVI and RF 

MACE (Cardiac death, MI, TLR) TVR 

CVI RF 
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Kubo T, et al. 2017;38:3139-3147 
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ILUMIEN III : OPTIMIZE PCI (Study Protocol) 

Angiography

Identification of study 

lesion

Pre-PCI IVUS Pre-PCI OCT

IVUS guided PCI, per 뱇ocal 

standard practice?

Post-PCI IVUS

Post-PCI OCT, blinded to 

investigator

OCT Stent Sizing Guidance, per 

study protocol

OCT guided PCI to Acute 

Procedural Success

Procedure Complete

Post-PCI OCT

IVUS 

Guided PCI

OCT 

Guided PCI

Randomization to IVUS or Angiography or 

OCT guided PCI

Pre-PCI Angiography

Angiography guided PCI, per 

뱇ocal standard practice?

Post-PCI Angiography

Post-PCI OCT, blinded to 

investigator

Angiography 

Guided PCI

Randomized subjects will 

constitute the primary analysis 

cohort. 

150 150 150 
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Primary Endpoint 

 

OCT 5.79 mm2 [4.54, 7.34] 
 

IVUS 5.89 mm2 [4.67, 7.80]  

 

0.0 -1.0mm2 

-0.70 

IVUS larger OCT larger NI margin 

97.5% one-sided CI: [-0.70, - ] 

Pnoninferiority = 0.001 

Final post-PCI MSA by OCT 

-0.10 
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Intracoronary imaging & physiology in ESC guideline 2014 

Eur Heart J. 2014;35:2541-2619 

IIa 
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Imaging-guided PCI in daily practice 

Wakayama Medical university 

• IVUS-guided PCI (20-30%): LM・RCA orifice lesions 

           CTO 

           CKD 

           Others 

 

• OCT-guided PCI (70-80%):  Almost all lesion (except for CTO) 

           Severe calcification 

           ACS 

           Instent restenosis 

           BRS implantation 

           LM-Bifurcation 
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Pre-PCI OFDI (65 y.o. male, UAP) 
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Thrombus Plaque rupture Plaque rupture 

Pre-PCI Pre-PCI Pre-PCI 

20130410kh4089302 

OFDI at culprit site 
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Demonstration of various causes in ACS  

Plaque rupture 

Plaque erosion 

Calcified nodule 

60 – 70 % 

20 – 30 % 

5 – 6 % 

Kubo T, Akasaka T, et al. J Am Coll Cardiol 2007;50:933-939 
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Red  & white thrombus 

Kume T, Akasaka T, et al. ( Am J Cardiol 97:1713-1717, 2006 ) 

Red thrombus 

Protrusion mass  

with shadow 

Protrusion mass  

without shadow 

Protrusion mass  

with & without shadow 

White thrombus Mixed thrombus 

Kubo T, Akasaka T, et al. ( J Am Coll Cardiol 50:933-939,2007) 
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Pre-PCI 

Lipid rich plaque 

Distal reference 

Pre-PCI 

Lumen area = 14.1 mm2 

Minimum lumen diameter = 4.39 mm 

Maximum lumen diameter = 4.10 mm 

Proximal reference 

Pre-PCI 

Lumen area = 14.7 mm2 

Minimum lumen diameter = 3.77 mm 

Maximum lumen diameter = 4.92 mm 

Scroll to identify the most normal looking site as the reference site 

OFDI at reference site 
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Representative case of definite OCT-erosion 
Jia H, et al. J Am Coll Cardiol 2007;50:933–999 

An irregular lumen 

surface with attached 

mural thrombus 

(arrows) overlying a 

fibrous plaque (B,C) 

can be identified. 

≒ MI with non-obstructive coronary artery disease (MINOCA) 
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Representative case of probable OCT-erosion 
Jia H, et al. J Am Coll Cardiol 2007;50:933–999 

Underlying plaque 

morphology is not well 

visualized due to the 

presence of residual red 

thrombus (A, B and C, 

arrows) without any 

detectable rupture (A 

through D). 
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Incidence of plaque rupture, erosion and calcified nodule 

in 126 lesions in pts with ACS 

Jia H, et al. J Am Coll Cardiol 2007;50:933–999 



Wakayama Medical University 

 Nat Rev Cardiol 
2016;13:257-265  
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Changes in thrombus volume in ACS with plaque erosion  

Absolute volume change Percent thrombus volume reduction 

100% reduction 

in 22 out of 55 pts 
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Neointimal tissue characterization by OCT 

Homogeneous Heterogeneous Layered 

Restenotic tissue 
has uniform optical 
properties and dose 
not show focal 
variations in 
backscattering 
pattern. 

Restenotic 
tissue has 
focally changing 
optical 
properties and 
show various 
backscattering 
patterns. 

Restenotic tissue 
consists of 
concentric layers 
with different 
optical properties: 
an adluminal high 
scattering layer &  
adluminal  low 
scattering layer. 

Although no data showing the relation between OCT-findings & histology in 

detail, there is a data demonstrating the effect of DCB according to OCT finding. 

No restenosis Restenosis 

Neointimal tissue 
has very thin & 
uniform optical 
properties with 
backscattering 
pattern. 
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Association between restenotic tissue morphology 

and acute/mid-term results 

Tada T, et al. Eur Heart J Cardiovasc Img. 2014;15:307-315 

Late loss = (post-procedural - follow-up) MLD 

Acute gain = (post-procedural – pre-procedural) MLD 

Net gain = (follow-up - pre-procedural) MLD 

Tissue structure 

Acute gain mm 

Late loss mm 

Net gain mm 

ISR n (%) 

TLR n (%)  

Homogenous type Heterogenous type Layered type 

PCB 

(n=55) 

POBA 

(n=27) 

PCB 

(n=20) 

POBA 

(n=8) 

PCB 

(n=71) 

POBA 

(n=33) 

P value P value P value 

1.14± 0.53 0.060 0.90± 0.56 

0.25± 0.50 0.000 0.70± 0.58 

0.90± 0.61 0.000 0.20± 0.67 

11 (20.0) 0.002 15 (55.6) 

7 (12.7) 0.019 10 (37.0) 

1.25± 0.58 0.885 1.21± 0.38 

0.45± 0.72 0.234 0.84± 0.85 

0.80± 0.69 0.208 0.38± 0.98 

7 (35.0) 1.000 3 (37.5) 

5 (25.0) 0.651 3 (37.5) 

1.20± 0.58 0.597 1.14± 0.60 

0.23± 0.60 0.005 0.61± 0.69 

0.98± 0.73 0.003 0.53± 0.63 

16 (22.5) 0.100 13 (39.4) 

14 (19.7) 0.089 12 (36.4) 



Wakayama Medical University 

Association between restenotic tissue morphology 

and acute/mid-term results 

Tada T, et al. Eur Heart J Cardiovasc Img. 2014;15:307-315 

Late loss = (post-procedural - follow-up) MLD 

Net gain = (follow-up - pre-procedural) MLD 

Acute gain mm 

Late loss mm 

Net gain mm 

ISR n (%) 

TLR n (%)  

Tissue backscatter High backscatter Low backscatter 

PCB 

(n=81) 

POBA 

(n=40) 

PCB 

(n=65) 

POBA 

(n=28) 

P value P value 

1.12± 0.50 0.139 0.97± 0.58 

0.23± 0.51 0.000 0.73± 0.70 

0.90± 0.61 0.000 0.25± 0.67 

16 (19.8) 0.000 21 (52.5) 

11 (13.6) 0.001 17 (42.5) 

1.26± 0.62 0.476 1.17± 0.54 

0.31± 0.66 0.059 0.59± 0.62 

0.96± 0.76 0.027 0.58± 0.70 

18 (27.7) 0.467 10 (35.7) 

15 (23.1) 0.606 8 (28.6) 

Acute gain = (post-procedural – pre-procedural) MLD 
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New Development in OCT 

Re-crossing wire position in the jailed side branch can be easily identified 
by new OCT and improvement of side branch KBT procedure could be 
expected by using new OCT. 
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Post-stent, LCX rewiring 1st, Carpet view 

Link 

GW 
GW 
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Post-stent, LCX rewiring 1st, Cut-away view 

Link GW 
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Japanese registry for 3-D OCT guided 

LM bifurcation stenting 

Study population (Final) 

Primary endpoint 

Frequency of re-wiring by 3-D OCT guidance: 

   re-wiring should be required again more than 30 % cases. 

More than 300 LM bifurcation lesions 

Secondary endpoint 

Incidence of ISA: 

MACE: 
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Group After kissing ballooning 

Strut deformation 

Remaining jailed struts 

Remaining jailed struts 105 

cases 

“Link-free type” 
58 

“Link-connecting 
to carina type” 

47 

Guidewire recrossing 

distally 

proximally 

distally 

proximally 

54 

4 

33 

14 

Optimal 

54 cases 

Suboptimal 

51 cases 

Frequency of jailing configuration & GW rewiring position 
Okamura T, et al.  

EuroIntervention 2017 accepted 
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p=0.6651 p=0.1562 

p<0.0001 
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Incidence of ISA at each segment 
Okamura T, et al. EuroIntervention 2017 accepted 
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Assessment of BVS by OFDI 

Ormiston J A et al. Circ Cardiovasc Interv 2012;5:620-632 
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BVS damage grade 1: Discontinuity 
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Take home message 
Can OCT replace IVUS in daily practice ? 

 OCT can replace IVUS in almost all cases in daily 

practice except for several specific cases such as LM 

or RCA orifice lesion, CTO, CKD, and so on.  

 OCT may have advantages to know the pathophysiology 

of ACS, instent restenosis, severe calcified lesion, BRS 

implantation, etc., and 3-D reconstruction may improve 

bifurcation lesion treatment.  

 Similar to IVUS, OCT-guided PCI could be useful to 

improve the result of PCI and clinical outcomes and 

class IIa recommendation might be expected in OCT-

guided PCI in the near future., although there are several 

advantages and disadvantages in IVUS and OCT.  
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BVS damage grade 3: Deficiency 
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Prediction of side branch occlusion by OCT 

Side branch occlusion might be occurred less frequently in cases 
with carina tip (CT) angle≧50 degree and branch point to carina 
tip(BP-CT) length≧1.7mm 

CT angle BP-CT length 

Watanabe M et al. Coron Artery Dis 2014; 25: 321-329 


