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From: A Heart With 67 Stents 
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To improve cardiovascular outcomes  

 

Progress of coronary stent technology 

Antithrombotic therapy 

The use of novel diagnostic approaches  

 



FFR !! 

Non-
invasive 
imaging  !! 

Invasive 
imaging!
! 



After Routine Use of FFR 
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FFR 

MACE = 4.8% MACE = 2.8% 

Between January 2008 and December 2011, 5097 pts 

underwent PCI at Asan Medical Center, Seoul, Korea and 

were followed for 1 year. 

Park et al. Eur Heart J, in press 

13.3 The strategy of (1) FFR to assess lesion severity 

and (2) IVUS to optimize stent implantation was 

associated with a 1.3% rate of death/MI and a 
0 0 0 0 0 1.1 1.4 1.8% rate of any repeat revascularization at 1 yr. 



Tools in the Cath Lab: Physiology, Anatomy, and Biology 

FFR 
IVUS 

CFR 

Endothelial Fx 

Vasospasm 

VH -IVUS 

OCT 
NIR 
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Optical Coherence Tomography 

The new “watchful eye” of interventional cardiologists.. 



Intravascular Imaging 

QCA 

D1 

IVUS OCT 

Axial Resolution:  150 -200μm 
Lat. Resolution:    150-300 μm  

Axial Resolution:  12 -18μm 
Lat. Resolution:     20-90 μm  



OCT IVUS CA MSCT MRI Angioscopy 

OCT vs Other Imaging Modalities 

Resolution 
(µm) 

5-20 80-150 200 300 300 200 

Time aspect  I 

Time aspect  II 

 
 
Type of scan 

source 
 

Imaging 

target 

Real-time Real-time Real-time Real-time 

2-50 sec 20-50 sec 30 sec 

IR-light Ultrasound X-Ray X-Ray Magnetic res Visible light 

Layer Layer Bloodflow Density Density Surface 



Some people think that… 



N Engl J Med 2011; 364:226-235 



Lesson learnt… 

A quarter o f century later, IVUS… is a IIB C 

guideline  recommendation for LM. That’s all… 

ESC guidelines for myocardial revascularization: 

Recommendations for specific percutaneous coronary 

intervention device s  and pharmacotherapy 

IVUS-guided stent  implantation may be  

considered for unprotected left main PCI. IIB C 
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TULIP 

DIPOL 

Gaster 

RESIST 

SIPS 

AVID 

OPTICUS 

Favors Non-IVUS Favors IVUS Odds Ratio 

Combined (RE) 

Combined (FE) 

(n=2193 pts) 
MACE 

Meta-analysis of Randomized Trials of IVUS vs 

Angiographic Guided BMS implantation 

IVUS guidance was associated 

with significantly lower rate of 

• Angiographic restenosis (22.2% 

vs. 28.9%; OR 0.64, p=0.02) 

• Repeat revascularization 

(12.6% vs. 18.4%; OR 0.66, 

p=0.004) 

• Overall MACE (19.1% vs. 23.1%; 

OR 0.69, p=0.03) 

• But no significant effect on MI 

(p=0.51) or mortality (p=0.18). 

• ST was not reported 

Parise et al. Am J Cardiol. 2011;107:374-82 



Compared with angiography- 

guidance, IVUS-guided DES 

implantation was associated 

with a reduced incidence of 

• Death (HR: 0.59, 95% CI: 

0.48-0.73, p<0.001) 

• Stent thrombosis (HR: 

0.58, 95% CI: 0.44-0.77, 

p<0.0001) 

• Major adverse cardiac 

events (HR: 0.87, 95% CI: 

0.78-0.96, p=0.008) 

Zhang et al. Eurointervention 2012;8:855-65 

Meta-Analysis of 11 

Studies (n=19,619 

patients) 

Study Year Death HR (95% CI)  Weight % 

0.1 .1 

Favors IVUS 

1 

0.81 (0.55, 1.20) 

0.39 (0.15, 1.02) 

0.21 (0.06, 0.73) 

1.50 (0.15, 15.42) 

0.58 (0.21, 1.61) 

0.74 (0.37, 1.47) 

0.49 (0.35, 0.69) 

0.49 (0.28, 0.86) 

1.56 (0.48, 1.59) 

0.55 (0.19, 1.57) 

0.59 (0.48, 0.72) 
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Favors Non-IVUS 

P Roy 

SJ Park 

SH Kim 

J Jakabcin 

JS Kim 

BE Claessen 

SH Hur 

K Ahmed 

KW Park 

SL Chen 

Overall 

2008 

2009 

2010 

2010 

2011 

2011 

2011 

2011 

2012 

2012 

28.00 

4.76 

2.80 

0.80 

4.21 

9.19 

36.38 

13.86 

2.91 

3.67 

100.00 

Stent Thrombosis 

P Roy 2008 0.59 (0.39, 0.89) 50.50 

SJ Park 2009 3.00 (0.12, 76.85) 0.82 

J Jakabcin 2010 0.67 (0.15, 3.00) 3.82 

SH Kim 2010 0.28 (0.06, 1.28) 3.73 

BE Claessen 2011 0.60 (0.10, 3.51) 2.75 

JS Kim 2011 0.33 (0.04, 2.96) 1.79 

SH Hur 2011 0.72 (0.44, 1.17) 36.59 

KW Park 2012 0.52 (0.10, 2.68) 2.93 

SL Chen 2012 0.18 (0.05, 0.61) 5.19 
Overall 0.58 (0.44, 0.77)100.00 

0.1 .1 

Favors IVUS 

1 10 

Favors Non-

IVUS 

100 



Mortality  

←IVUS Guidance Non IVUS Guidance→ 

In the  meta-analysis of 19 ,61 9  

patients,  mortality w a s  significantly 

reduced by 2 7 % ... 

Zhang e t  al. EuroIntervention 



Impact of Intravascular Ultrasound-Guided 

Percutaneous Coronary Intervention on Long-Term 

Clinical Outcomes in a Real World Population 

Hur e t  al. CCI 2013 



Impact of intravascular ultrasound guidance in routine percutaneous 

coronaryintervention for conventional lesions:  

data from the EXCELLENT trial 

Park e t  al. IJC 2012 



ADAPT-DES 
Assessment of Dual AntiPlatelet Therapy with Drug-Eluting Stents 

8,575 pts prospectively enrolled 

No clinical or anatomic exclusion criteria 
Succesful and uncomplicated PCI with ≥1 non- 

investigational DES 
 
 

Pre-specified IVUS vs no IVUS substudy 

Clinical FU at 30 days, 1 year, 2 years 

IVUS: 3349 pts No IVUS: 5234 pts 

Witzenbichler, et al. Circulation, Nov 2013 



Reason for IVUS Use 

Guide and Optimize 

Procedure (74%) 

Document 

Procedure 

(26%) 
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“How IVUS changed 

the procedure?” 

(%) 

Witzenbichler, et al. Circulation Nov 2013 



IVUS Use and Definite/Probable ST Within 2 Years 
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HR: 0.47 [95% CI: 0.28, 0.80] 

P = 0.004 
 

1.16% 

0.55% 

0 

1 

0 6 12 18 24 

IVUS Used 

IVUS Not Used   

Number at risk: Time in Months 
IVUS Used 3361 3260 3182 3065 1791 

IVUS Not Used 5221 5019 4886 4713 2279 



IVUS Use and MI Within 2 Years 
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HR: 0.62 [95% CI: 0.49, 0.77] 

P < 0.001 
 

5.59% 
5 

IVUS Not Used 

3.47% 
 

IVUS Used 

 
0 

0 6 

Number at risk: Time in Months 
IVUS Used 3361 3209 3120 2991 1739 

IVUS Not Used 5221 4916 4744 4541 2179 



IVUS Use and MACE (Definite/Probable ST, Cardiac 

Death, MI) Within 2 Years 

M
A

C
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%
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5 

10 

HR: 0.65 [95% CI: 0.54, 0.78] 
P < 0.001 

IVUS Not Used 

4.9% 

7.4% 

IVUS Used 

0 

Number at risk: 0 6 

T 
12 18 

ime in Months 
24 

IVUS Used 3361 3206 3117 2988 1739 

IVUS Not Used 5221 4912 4740 4537 2177 



All 0.65 [0.54, 0.78] <0.0001 

STEMI 0.56 [0.29, 1.07] 0.07 

NSTEMI/UA 0.68 [0.52, 0.88] 0.003 

Stable CAD 0.63 [0.47, 0.85] 0.002 

P-Value 

1 

Favors IVUS Use Favors Angio Use 

HR [95%CI] 

0.1 

Event Rate (n) 
IVUS vs Angio 

4.9% (158) vs 7.5% (373) 

6.1% (82) vs 8.8% (184) 

3.7% (15) vs 6.4% (24) 

4.2% (61) vs 6.5% (165) 

Association of IVUS Use with MACE (Definite/Probable ST, 

Cardiac Death, MI) in Relation to Index Presentation 





Lesson learnt… 

“Intravascular OCT allow s  for accurate asse ssment  o f vessel s tructures close 

to the  luminal side . Clinical application is feasible. To date ,  how ever, the  

clinical relevance  o f OCT findings in coronary arteries  is  unclear and further 

validation of OCT imaging is mandatory.” 

 

A decade later, OCT is still “a valuable research 

tool”. That’s all… 

ESC guidelin e s for myocardial revascularization: 

Recom m endations for specific percutaneous coronary intervention 

devices  and pharmacotherapy  

“Optical coherence tomography (OCT) is a light-based modality o f 

intravascular imaging w ith higher spatial reso lution than IVUS (1 5  vs.  1 0 0  

μm). Its  penetration is lower than IVUS but it provide s  detailed imaging of 

th e endoluminal borders. At present, OCT is a valuable  research too l.” 



Greek mythology of Icarus  



Lesson learnt… 

Although so me  evidences  are  em erging… 

In  the  analysis of 3 3 5  

matched pair (6 7 0  

patients) , mortality wa s  

significantly reduced by 

5 2 %  ... 



Safety and Feasibility of FD-OCT Imaging 
Imola F et al. EuroIntervention 2010;6:575-81 

Success 99% 
 
Duration 2.1±0.5 min 
 
Contrast 49±19 ml 
 
VT/VF 0% 
 
MACE 0% 



Atherosclerosis 

– Normal Vessel Wall 

– Different Plaque 

Types 

– Plaque Progression 

– Plaque Rupture 

Stent Evaluation 

– Neointimal Hyperplasia 

– Pattern of Restenosis 

– Strut Coverage and 

Apposition 

– Stent thrombosis 

OCT for Intracoronary Imaging 



Tunica Intima 
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A2 B2 C2 
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Value of Combined Assessment 
Grayscale IVUS, IVUS-VH and OCT 

OCT IVUS-VH 

Fibrous cap thickness 

Detailed surface morphology 

Visualization of entire plaques 

Plaque composition 

Differentiation lipid vs calcium 
 

 
 

Thin cap fibroma-atheroma TCFA Detection Algorithm ? 

Vulnerable Plaque 
characteristics 



Comfortable – IBIS 4 
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© Comfortable 

OCT/IVUS VH TCFA Detection Algorithm 

AIT 

NC 

FF 

DC 

FC 

= adaptive intimal thickening 

= necrotic core 

= fibrofatty 

= dense calcium 

= fibrocalcic 

FT = fibrotic 

Ca FA = calcium fibroatheroma 

FA = fibroatheroma 

Ca TCFA  = ca-thin-cap-fibroatheroma 

TCFA = thin-cap-fibroatheroma 

Courtesy: Hector Garcia 

PIT 

>15% FF (VH) Fibrous cap <65 microns by O CT 

Confluent NC >10% (V H) 
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AIT  AIT  

Confluent NC >10%  

No 

Plaque thickness >600  µ m, >3 frames 

Yes 

Yes No 

C Confluent NC >10% H) 

Yes No 

>10% DC ( >10% DC VH) 

Yes No 

FC  FT  

Fi  In direct contact with lumen  T  brous cap <65 microns by OC  

No Yes 

Yes No Yes No 

Ca FA FA Ca TCFA TCFA 

AIT  

PI 

T 

>10% DC ( 

PIT PIT 

>15% FF  

Yes No 

>10% DC  

Yes No 

FC  FT  

In direct contact with lumen  

No Yes 

Yes No Yes No 

Ca FA FA Ca TCFA TCFA 

AIT  AIT  AIT  AIT  

onfluent NC >10% (V 

No 

Plaque thickness >600  µ m, >3 frames 

Yes 

Yes No 

PIT PIT PIT PIT 

>15% FF (VH) 

FC Ca  

FT FA FA  

>10% DC  >10% DC VH) >10% DC  >10% DC ( >10% DC VH) 

AIT  AIT  AIT  AIT  No 

Plaque thickness >600  µ m, >3 frames 

Yes 

Yes No 

PIT PIT PIT PIT 

>15% FF  

Yes No 

Yes No 

FC  FT  

No Yes 

Yes No Yes No 

Ca FA FA Ca TCFA TCFA 

AIT  AIT  AIT  AIT  No 

Plaque thickness >600  µ m, >3 frames 

Yes 

Yes No 

PIT PIT PIT Yes No 

>10% DC (VH) 
 
Yes No 

FC  FT  

No Yes 

Ca TCFA TCFA 

AIT  

PI 

T 

FC  FC  
FT  FT  

Ca 

FA  

Ca 

FA  FA  FA  

>10% DC (VH) 
 
Yes No 

>10% DC (VH) 
 
Yes No 

Ca FA FA 

AIT  

PI 

T 

© Comfortable 

OCT/IVUS VH TCFA Detection Algorithm 

AIT 

NC 

FF 

DC 

FC 

= adaptive intimal thickening 

= necrotic core 

= fibrofatty 

= dense calcium 

= fibrocalcic 

FT = fibrotic 

Ca FA = calcium fibroatheroma 

FA = fibroatheroma 

Ca TCFA  = ca-thin-cap-fibroatheroma 

TCFA = thin-cap-fibroatheroma 

Courtesy: Hector Garcia 

PIT 

>15% FF (VH) Fibrous cap <65 microns by O CT 

Confluent NC >10% (V H) 



Fibrous plaque 

A1 

B1 

A2 

B2 

A3 

B3 

Fibrocalcific plaque 



Comfortable – IBIS 4 
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OCT/IVUS VH TCFA Detection Algorithm – Hector Garcia 

AIT 

NC 

FF 

DC 

FC 

= adaptive intimal thickening 

= necrotic core 

= fibrofatty 

= dense calcium 

= fibrocalcic 

FT = fibrotic 

Ca FA = calcium fibroatheroma 

FA = fibroatheroma 

Ca TCFA  = ca-thin-cap-fibroatheroma 

TCFA = thin-cap-fibroatheroma 

Courtesy: Hector Garcia 

PIT 

>15% FF (VH) Fibrous cap <65 microns by O CT 

Confluent NC >10% (V H) 



Thick Cap Fibroatheroma 

Thin Cap Fibroatheroma (TCFA) 



Screening of all incoming STEMI patients Broad Inclusion Criteria: 
Age >  18 years 
ECG and Chest pain 
Primary PCI within 24 hours 

R 

DES-Biomatrix 
N=500 

BMS-Gazelle 
N=500 

30 day telephone (n=1100) 

12 month visit or telephone 

2 year telephone 

Final 5 year telephone 

1:1 

Imaging Candidate if 
-Hemodynamic stable 
-Creatinine Clearance >50ml/min 
-Age <90 
-OCT/IVUS feasible 
-No stent at the site of infarct 
lesion 

3-vessel IVUS and OCT at 13 months 

Rosuvastatin 40mg 

R 

DES-Biomatrix 
N=50 

BMS-Gazelle 
N=50 

3-vessel IVUS and OCT at baseline 

1:1 

IBIS 4 
n=100 

Comfortable AMI IBIS 4 
n=1100 

Recanalisation, aspiration, 
intra- and extracoronary blood 

sampling 

Principal Investigators 
Lorenz Räber 

Hector Garcia Garcia 
Stephan Windecker 

Participating sites 
Bern (60) 

Copenhagen (21) 
Geneva (13) 
Lugano (6) 
Zurich (3) 



Comfortable – IBIS 4 study 
3 vessel imaging using IVUS Virtual Histology: 

- Culprit vessel: Post-treatment imaging of the stented segment and distal segment 

- Non-culprit vessel: >40 mm of proximal coronary artery 



Comfortable – IBIS 4 study 
3 vessel imaging using IVUS Virtual Histology: 

- Culprit vessel: Post-treatment imaging of the stented segment and distal segment 

- Non-culprit vessel: >40 mm of proximal coronary artery 

Primary Objective •To determine the effects of rosuvastatin on 

compositional measures of coronary plaque in a 

non-intervened coronary segment. Specifically, the 

change from baseline in Virtual HistologyTM 

necrotic core volume at the end of week 52. 



Comfortable – IBIS 4 study 
3 vessel imaging using OCT: 

- Culprit vessel: Post-treatment imaging of the stented segment and distal segment 

- Non-culprit vessel: >40 mm of proximal coronary artery 



Comfortable – IBIS 4 study 
3 vessel imaging using OCT: 

- Culprit vessel: Post-treatment imaging of the stented segment and distal segment 

- Non-culprit vessel: >40 mm of proximal coronary artery 

Secondary 

Objective 

•To determine the effects of rosuvastatin on fibrous 

cap thickness of coronary plaque in a non- 

intervened coronary segment. Specifically, the 

change from baseline in OCT cap thickness at the 

end of week 52. 









IVUS OCT 

Stent underexpansion 

Geographical miss 

(Minor) findings not seen 

on IVUS 

Malapposition 

Tissue protrusion 

Edge dissections 



What are the intravascular imaging modalitie s  in 

interventional cardiology: current and future technologies  

• Grey Scale (20 , 4 0 , 4 5  Mhz)  

• Radiofrequency 

backscattering (Virtual 

histology, Palpography, 

Integrated backscatter IVUS 

and iMAP)  

• Optical coherence tomography  

• 2 D (10 0 , 1 6 0 , 1 8 0  frames / s e c )  

• 3 D (offli n e /  on line)  

• Hemodynamic parameter 

derived from 3 D imaging  

Current Future 

• Intravascular ultrasound (IVUS) • Intravascular ultrasound ( IVUS)  

• 

• 

• 

• 

OCT +  NIR 

OCT +  IVUS 

IVUS +  TRFS 

IVUS +  IVPA 

• NIR infrared spectroscopy 

• Combined IVUS and NIRS (FDA 

approved)  

• High-frequency  

• Focused acoustic 

tomography (FACT) 

• Intravascular imaging combined 

w ith interventional devices  

• Optical coherence tomography  

• 3 D OCT w ith tis sue  

characterization 

• Micro OCT 

• Super fast OCT (10 0 m m / s )  

• Hybrid intravascular imaging  



Tu et al. Circ Interv. 2013 

#current technology: Hemodynamic parameter derived from 3 D imaging 

Fusion of 3D-QCA and OCT 



~3.5 mm 
forward 

~5 mm 
radius 

IVUS guided 

subintimal 

reentry 

device  

Atherectomy with OCT 

Avinger Ocelot  

Forward looking IVUS 

#Future technology: Intravascular imaging combined w ith interventional devices  



Artery wall 

Lipid 

 

Calcium 

Macrophages 

Stent 

Guidewire 

MGH Courtesy of Prof. Tearney 



1 A. Proximal recrossing 

1 B. Results after KB 

2 A. Distal recrossing 

2 B. Results after KB 

* 

* 

* * 

† † 





Micro OCT 

Leukocytes tethered 

to the  endothelium 

Leukocytes Cluster at 

the  

Site  of Polymer 

Fracture 

Cholesterol crys tals 

and Necrotic Core  



 Intravascular imaging allowed us for the 
first time to study in vivo plaque 
morphology and atherosclerotic evolution 

 Today numerous invasive modalities are 
available: integrated backscatter analysis 
(IB)-IVUS, VH-IVUS, NIRS, OCT, IVPA, IV- 
MRI spectroscopy, IV-MRI, Raman 
spectroscopy and time resolved 
fluorescence spectroscopic (TRFS) that 
permit imaging of the plaque 

 IB-IVUS, VH-IVUS, NIRS, OCT and CTCA 
have been used in clinical studies and 
allowed detection of plaque features related 
with future adverse events 





Intravascular ultrasound (IVUS). 

 
Definitely Beneficial.  
IVUS is an accurate method for determining optimal stent deployment (complete stent 
expansion and apposition and lack of edge dissection or other complications after 
implantation), and the size of the vessel undergoing stent implantation. 
 
Probably Beneficial. 
IVUS can be used to appraise the significance of LMCA stenosis and, employing a cutoff 
MLA¼ 6 mm2 , assess whether revascularization is warranted. 
 
Possibly Beneficial.  
IVUS can be useful for the assessment of plaque morphology. 
 
No Proven Value/Should be Discouraged.  
IVUS measurements for determination of non-LMCA lesion severity should not be 
relied upon, in the absence of additional functional evidence, for recommending 
revascularization. 



Optical Coherence Tomography (OCT). 

 

Probably Beneficial.  
Determination of optimal stent deployment (sizing, apposition, 
and lack of edge dissection), with improved resolution compared 
with IVUS. 
 
Possibly Beneficial.  
OCT can be useful for the assessment of plaque morphology. 
 
No Proven Value/Should be Discouraged.  
OCT should not be performed to determine stenosis functional 
significance. 




