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Advantages of Newly developed FD-OCT system 

( ILUMIEN OPTIS TM )

Cut-away view Segmented view
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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 50:933-939,2007)
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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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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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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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FD-OCT-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 

FD-OCT and IVUS criteria of 
optimal stent deployment

Kubo T, et al. J Cardiol 2016;68:455-460
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Pre-PCI assessment, #6 90%, (DES 4.0×15mm)

Segmented view

Lumen profile
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 lipidic plaque
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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.

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

DOI:10.1161/CIRCINTERVENTIONS.116.004231.

(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
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Post-PCI assessment, #6 90%, (DES 4.0×15mm)

Segmented view

Lumen profile

MLA ≥ 90% of the average reference lumen area
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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
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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 150150
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TVF at 12 months

Optimal vs Suboptimal IVUS-guided PCI

(ULTIMATE trial)

Zhang J, et al. J Am Coll Cardiol 2018;DOI:10.1016/j.jacc2018.09.013

Optimal 

group

Suboptimal 

group
P

No. of patients

n (%)
384 (53.0) 340 (47.0)

No. of lesions

n (%)
578 (60.1) 384 (39.9)

MSA, mm2 6.09 5.45 <0.001

Prox. edge

plaque burden
37.2% 51.2% <0.001

Dist. edge

plaque burden
24.2% 35.1% <0.001

PCI results
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Stent sizing

Rӓber L, et al. Eur Heart J 2018 May 22. doi: 10.1093/eurheartj/ehy285
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Post PCI optimization

➢ MSA>4.5 cm2, or > 80% of RA. 

➢ Malaposition < 400μm distance,

<1mm lenghth. 

➢ No extensive protrusion. 

➢ Distal landing: PB < 50%

No lipid pool 

➢ Distal edge dissection: <60°
Flap: limited to intima

< 2 mm length

Rӓber L, et al. Eur Heart J 2018 May 22. doi: 10.1093/eurheartj/ehy285
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Prati F, et al. EuroInterv 2018;14: e443-e451
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COCOA
Comparison between Optical Coherence tomography guidance

and Angiography Guidance in percutaneous coronary intervention

Stenting for SAP

OCT-guided PCI Angio-guided PCI

OCT-guided optimization

OCT

Clinical follow-up at discharge

8M Clinical follow-up with angio & OCT

12M Clinical follow-up

OCT
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ILUMIEN IV: OPITIMAL PCI
Optical Coherence Tomography guided Coronary Stent Implantation

Compared to Angiography: a Multicenter Randamized Trial in PCI

Pre PCI Angiography

Angio-guided PCI

OCT based stent sizing & optimization

Post PCI OCT

30 day, 1-year & 2-years follow-up in all pts

Primary clinical endpoint: Minimum 1 year, Max 2 years follow-up 

High risk pts. and/or presence of one or more high risk lesions: all inclusion & exclusion criteria met

Successful & uncomplicated treatment of all non target vessel lesions, if any

OCT-guided PCI

Post PCI OCT:blinded to investigator

Angio based stent sizing & optimization

Randamization 1:1
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Coronary angio. （Pre PCI）
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OCT (pre PCI)Baseline: post-Balloonong
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Distal reference Bifurcation site Prox. Reference

Baseline: post-Ballooning
MLA site

Calc.

Calc.
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OCT (pre PCI)Post-PCI
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Distal reference Prox. ReferenceMSA site

Post-PCI

MSA 3.63 mm2

Calc.
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Distal reference Prox. ReferenceMSA site

Post-PCI

MSA 3.63 mm2

Calc.



Wakayama Medical University

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 color coded auto-detection of stent incomplete 

apposition can be demonstrated as fly through image by new OCT.

New Development in OCT
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Lumen area: 1.8 mm2 1.8 mm2 2.0 mm2

Lumen area: 3.3 mm2 3.4 mm2 3.7 mm2

B.  Post ablation （1.5mm burr）

C. Post ablation （2.0mm burr）
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Non-stent strategy was selected because of subsequent colon cancer 

operation.

Step by step calcium ablation by OCT-guide
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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

220 μm

90 μm

510 μm 230 μm

100 μm
250 μm

RV

Making calcium fractures after rotablator by OCT-guide
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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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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 8000 (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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Calcium fracture (+)

(n = 29)
Calcium fracture (-)

(n = 32)

Stent expansion at post-PCI 

0

2

4

6

0

0.2

0.4

0.6

0.8

1

1.2

Calcium fracture (+)

(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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0

10

20
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40

50

Calcium fracture (+)

(n = 29)
Calcium fracture (-)

(n = 32)

Restenosis and TLR at 10 months follow-up

0

10

20

30

Calcium fracture (+)

(n = 29)
Calcium fracture (-)

(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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distal

proximal

Stent design based on the rink position & 

wire re-cross point at bifurcation orifice 
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After kissing ballooning

Strut deformation

Remaining jailed struts

Remaining jailed struts105

cases

“Link-free type”
58

“Link-connecting 
to carina type”

47

Guidewire recrossing

distally

proximally

distally

proximally

54

4

33

14

Group

Optimal

54 cases

Suboptimal

51 cases

Frequency of jailing configuration & GW rewiring position
Okamura T, et al. EuroIntervention 2018;13: e1785 – e1793
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p=0.6651 p=0.1562

p<0.0001

p=0.2531

Incidence of ISA at each segment
Okamura T, et al. EuroIntervention 2018;13: e1785 – e1793



Wakayama Medical University

Angiographic ISR at 9 Month

All Optimal Suboptimal P value

n 87 48 39

ISR 12(13.8%) 4(8.3%) 8(20.5%) 0.1254

PMV 0(0%) 0(0%) 0(0%) -

DMV 1(1.1%) 1(2.1%) 0(0%) 1.0000

Side Br Orifice 12(13.8%) 4(8.3%) 8(20.5%) 0.1254

Okamura T, et al. EuroIntervention 2018;13: e1785 – e1793
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Nakamura T, et al. Int J CV Imag 2017;33: 797 – 806

Onuma Y, et al. EuroInterv 2018;accepted

Impact of the rewiring position
Strut malapposition & shear stress

Comparison of % reduction of

the side branch flow area
Comparison among each jailed type
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Configuration 1 Configuration 2 Configuration 3

Out-of-phase,

Peak to peak design

(Ultimaster ®  , Resolute ® )

In-phase,

Peak to valley design

(Xience ® )

Distal

Proximal

Distal

Proximal

SB ostium

Bifurcation

carina

The most distal 

ring of the 

stent within 

the bifurcation

Optimal 

recross

point

Onuma Y, et al. EuroInterv 2018;accepted

Optimal rewiring point in side branch ostium accoroding to 

different configurations of overhanging struts
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Take home message

➢ Randomized prospective studies should be perform to demonstrate

the advantages of OCT for specific pathological condition as a game 

changer in the field of PCI.

➢ Pre- & post-PCI lesion morphology can be assessed easily, precisely 

and accurately by OCT because of higher resolution with high frame 

rate using auto-pullback & auto-measurement systems, and 3D 

reconstruction, etc.. 

➢ OCT-guided PCI is becoming more popular in daily clinical practice 

by the guideline recommendation as class IIa, and consensus 

documents regarding OCT-guided PCI has just described officially. 

➢ Much more precise PCI could be expected by OCT compared with 

IVUS-guidance in specific lesions such as severe calcification, left 

main bifurcation, and so on, and OCT may allow us to change our 

daily clinical practice in PCI.

OCT for Guiding Complex PCI: Wisdom from Experience
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Thank you for your kind attention !!

Welcome to APSC 2020 in Kyoto,

Japan!!
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Thank you for your kind attention !!
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In the 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
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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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Intracoronary imaging & physiology in ESC guideline 2014

Eur Heart J. 2014;35:2541-2619


