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IVUS VH
SafetySafety

IVUS

1997:  N=27 pts, IVUS 3.2-4.3F

ischemia 
during IVUS imaging67% during IVUS imaging



IVUS VH
SafetySafety

IVUS

2005:  N=525 pts, IVUS 2.9-3.2F

is safe in nonintervened arteries and 
does not accelerate coronary artery diseasedoes not accelerate coronary artery disease



IVUS VH
SafetySafety

IVUS Thermal injury 
Mechanical injury 

Temperature rise < 1K
Blood cells: None
E d th li Mi i l

Ischemia
Endothelium: Minimal
67% ECG changes
22% Angina pectoris

Coronary spasm
Dissection

22% Angina pectoris
0.6% - 3%
0.1% - 0.3%

Abrupt vessel occlusion
Thrombus formation
C li

0.2%
0.05%
0 05%Coronary emolism

Myocardial infarction
0.05%
0.01%

Ge 1991; Hodgson 1989; Drew 1997; Batkoff 1996; Hausmann 1995



IVUS VH
SafetySafety

IVUS VH

1 6%
Imaging  Complications

All
0.5% 
1.6% 

Myocardial infarction
All

Stone G et al. NEJM 2011
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IVUS VH

VH Color AccuracyVH Color Accuracy

IVUS VH

VH Color Accuracy 

Fibrous 87 %

Fibro-fatty 87 %

VH Color Accuracy 

Fibrous 87 %

Fibro-fatty 87 %

Necrotic core 88 %

Dense calcium 97 %

Necrotic core 88 %

Dense calcium 97 %

J. Am. Coll. Cardiol 2006;47:2405-2412



IVUS Tissue Characterization
Clinical Trials: IBIS

Observational, exploratory study
IBIS 1

IBIS 2
Prospective, randomized, multicenter study

Difference in 
tinecrotic core 

volume

Serruys PW et al., Circulation 2008
Favors darapladib         Favors placebo



IVUS Tissue Characterization
Clinical Trials: Atheroremo

Atheroremo - ongoing

European Collaborative Project on Inflammation and Vascular Wall Remodeling in Atherosclerosis

Observational, exploratory study, n=850 pts
Atheroremo ongoing

To assess the interplay between the vulnerable plaque asTo assess the interplay between the vulnerable plaque as 
determined by IVUS-VH and genetic profile, biomarkers of 
inflammation and vascular injuryinflammation and vascular injury



IVUS Tissue Characterization
Clinical Trials: PROSPECTClinical Trials: PROSPECT

Stone GW, presented at TCT 2009 G.W. Stone, presented at TCT 2009



IVUS Tissue Characterization
Clinical Trials: PROSPECT

Stone GW, presented at TCT 2009 G.W. Stone, presented at TCT 2009



IVUS VH
Pitfalls (1)Pitfalls (1)

37 Sites: USA & Europe697Included

Pts

697Included

623IVUS VH

Patients with ACS (NSTEMI & STEMI)
313IVUS VH -TCFA

Patients with ACS (NSTEMI & STEMI)
Medication use as to local standard!

FUP 3 4 years
MACE 135

FUP 3.4 years

CV Event 31
Death
Cardiac arrest
MI
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IVUS VH
Pitfalls (1)Pitfalls (1)

37 Sites: USA & Europe697Included

Pts Lesion
VH TCFA

697Included

623IVUS VH

Patients with ACS (NSTEMI & STEMI)
313IVUS VH -TCFA 596

Patients with ACS (NSTEMI & STEMI)
Medication use as to local standard!

FUP 3 4 years
MACE 135 26

FUP 3.4 years

CV Event 31
Death

Specificity?
Cardiac arrest
MI



IVUS VH
Pitfalls (2)Pitfalls (2)

37 Sites: USA & Europe

No validation 
in stented segmentsin stented segments

-Plaque behind stent
-Tissue coverage at fup-Tissue coverage at fup

Nair A et al. Circulation 2002
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Near Infrared Spectroscopy (NIRS)

Unique Aspects:
NIR Spectra can uniquely identify organic chemicals.
NIR Spectra are chemical finger prints.

Industry:Industry:
Pharmaceutical;Pharmaceutical;
Food;Food;
Agriculture;Agriculture;Agriculture;Agriculture;
Petrochemical;Petrochemical;
Medical.Medical.

Techniques:Techniques:
Process controlProcess control
Unknown substance identificationUnknown substance identification



Intracoronary Near Infrared Spectroscopy (NIRS)
Lipid Core Plaque (LCP) Algorithm

Intracoronary catheter: 3.2F fibre optic catheter

Spectra processed by algorithm and displayed to user as a chemical image of lipid 
rich plaque probability (“Chemogram”)rich plaque probability ( Chemogram )

Algorithm CalibrationAlgorithm Calibration
• 4.2 meters of  artery from 33 autopsy hearts.

• Lipid Core Plaque (LCP) defined as:p d Co e aque ( C ) de ed as

Fibroatheroma > 200 µm thick

>   60 deg angular extent

Cap < 450 µm thick

Gardner et al: J Am Coll Cardiol Img 2008;1:638–48)



NIRS: Distance From the Ostium 
A P di t  f Li id C  Pl  ?A Predictor of Lipid Core Plaque ?

Single center,
b i l dobservational study

N=68 Pts
Non culprit arteries

Brugaletta et al; JACC Cardiovasc Img 2012

ROI   58±4.3mm



NIRS: Distance From the Ostium 
A P di t  f Li id C  Pl  ?A Predictor of Lipid Core Plaque ?

Distance from the ostium
is an independent predictor of LCP:  OR 0.37 ; CI 0.20-0.69

Single center,
b i l dobservational study

N=68 Pts
Non culprit arteries

Brugaletta et al; JACC Cardiovasc Img 2012

ROI   58±4.3mm



Immediate Stent Complication: 
Distal Embolization - NIRS Plaque EvaluationDistal Embolization - NIRS Plaque Evaluation

Ch i t ti 62Chemogram intervention zones n=62

Maximum 4-mm subsegment 
lipid-core burden index

Relative risk of periprocedural MI

Goldstein J at el. Circ Cardiovasc Interv 2011:4:429-437
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NIRS
Pitf ll  (1) Pitfalls (1) 

Chemogram

Poor orientation within the artery

g

Poor orientation within the artery

No anatomic structures

No information on the extent of plaque



NIRS
Pitf ll  > S l ti  Pitfalls -> Solution 

Catheter: 3.2Fr,  6Fr compatible, 0.014” guidewire
NIRS: Same as LipiScanTM, cleared by FDA Apr ‘08
Ultrasound: 40MHz, 16 fps
Pullback speed: 0.5mm/sec
Single catheter & pullback, thru blood  
→ simultaneous, co-registered NIR & IVUS data

2010

NIR Mirror IVUS Transducer

LipiScan Catheter by InfraredX



Savoir Trial
First in Man Evaluation of a Combined Optical/Ultrasound Catheter

Simultaneous Acquisition of Intravascular 
Ultrasound and Near Infrared Spectroscopy 

Data in the Coronary Artery Study

A B C

Stent

Side branch #Side branch #

* +

‡‡



ChChemogram

B

S d 

Block chemogram
Automated Detection

C
#

Stented area

of Lipid-core Plaques

Longitudinal IVUS 

E

# Cross sectional IVUS 

ep

Lumen Dimension

Plaque Size

Garg et al; Eurointervention 2010

Stent Expansion



NIRS
Pitf ll  (2) Pitfalls (2) 

Does 
“lipid-core plaque” by NIRS &  
“necrotic core” by VH 

Brugaletta et al; JACC Cardiovasc Img 2011

y
refer to the same anatomical substrate?



NIRS
Pitf ll  (2) 

en
t

R=0 149 p=0 002

Pitfalls (2) 

or
e c

on
te R 0.149 p 0.002

ec
ro

tic
 co

%
 V

H 
ne

NIRS Chemogram block probability

Does 
“lipid-core plaque” by NIRS &  
“necrotic core” by VH 

Brugaletta et al; JACC Cardiovasc Img 2011

y
refer to the same anatomical substrate?
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OCT Safety: 2nd Generation,
Fourier Domain OCTFourier Domain OCT

Single center, n=90 pts Single center n=19 ptsSingle center, n 90 pts

Imaging success 99.1%

X-ray contrast for flush 49.4±19.0ml

Single center, n=19 pts

X-ray contrast for flush 15.4 mlX ray contrast for flush 49.4±19.0ml
Serum creatinin pre
Serum creatinin post

1.17±0.12
1.21±0.19

C 1 t

y

Coronary spasm 1 pt
ECG changes 0 pt
Ventricular ectopic beats 3 pts

Prati et al. EuroIntervention 2010

MACE 0 pt

Okamura et al. EuroIntervention 2011

MACE 0 pt



How does the flushing procedure affect 
Renal function ?Renal function ?

X-ray contrast dextran LFD-OCT
Ozaki Y et al. Circ J 2012.



Patient Population (n=838)
2nd Generation OCT at Thoraxcenter
Patient Population (n=838)

A  (Y ) 61± 10Age (Years)
Male
Risk factors

61± 10
628          ( 75%)

Hypertension
Diabetes 
Dyslipidemia

439 (52%)
142 (18%)
483 (58%)

Smoking
Family history CAD
Prior MI

380 (45%)
377 (45%)
267 (32%)Prior MI

Prior CABG
Prior PCI

Clinical presentation

267 (32%)
49 (  6%)
411 (49%)

Clinical presentation
Stable angina
Unstable angina
AMI 

299 (36%)
178 (21%)
208 (25%)AMI 

Previous PCI/Fup
208 (25%)
144 (18%)

T. Okamura et al. unpublished



Patient Population (n=838)
2nd Generation OCT at Thoraxcenter
Patient Population (n=838)

Major complications during or within 24 hour after the procedure
Death
Cerebral infarction 0

0Cerebral infarction
TIA
Myocardial infarction
Emergency CABG

0
0
0Emergency CABG 0

Adverse events during or within 24 hour after the procedure*

ECG changes
Arrythmia

0
3Arrythmia

VF
3
0

Vasospasm 2
* Non self-limiting

T. Okamura et al. unpublished
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OCT Plaque Characterization
In Vivo Coronary ArteriesIn Vivo Coronary Arteries

Fibroatheroma (A)
lesion with an OCT-delineated fibrous cap
and a lipid pooland a lipid pool

OCT hi fib h (C)OCT thin cap fibroatheroma (C)
an OCT-delineated necrotic core with an 
overlying fibrous cap where the min thicknessoverlying fibrous cap where the min. thickness 
is less than a predetermined threshold

is a tissue layer, which is often signal-rich, 
o erl ing a lipid pool necrotic core or calci m

Fibrous cap

Thrombus

International Working Group on OCT Standardization and Validation; JACC. 2012

overlying a lipid pool, necrotic core, or calcium.



OCT: Witnessed Plaque Rupture

Gonzalo N et al. JACC Imaging 2011



OCT TCFA Comparison to Histologic Classification
OCT Pitfalls (1)
OCT TCFA - Comparison to Histologic Classification

Thick

Fibrous tissue area

Medium-thin Thin
OCT 

30-60 µm90-140 µm160-910 µm

13938

25
8

Thick fibrous cap
Fibro-calcificHisto

11 Thin fibrous cap

11 Fibro-calcific8
5

Fibro-calcific

Fibrous

Histo 11 Fibro-calcific 

Manfrini et al: Am J Cardiol 2006;98:156–159)



C f i f Li id ith C l i
OCT Pitfalls (1)

Confusion of Lipid with Calcium

Thick

Fibrous tissue area

Medium-thin Thin
OCT 

Calcified lesion  Lipid-rich lesion   

30-60 µm90-140 µm160-910 µm

1338

25
8

Thick fibrous cap
Fibro-calcificHisto

11 Thin fibrous cap

11 Fibro-calcific8
5

Fibro-calcific

Fibrous

Histo 11 Fibro-calcific 

Sharply delineated borders Diffuse borders

clinical examples

Sharply delineated borders Diffuse borders              



Artefacts: Macrophage scattering
OCT Pitfalls (2)
Artefacts: Macrophage scattering

The region of thickenedThe region of thickened
intima appears as a TCFA

due to strong scattering
& shadowing& shadowing
by macrophages.

Van Soest G et al, J Biomed Opt 2010



OCT Pifalls (2)
Artefacts cause misclassification!Artefacts cause misclassification!

Incidence of artefacts in clinical setting

Van Soest G et al, J Biomed Opt 2010



OCT Pifalls (3)
ValidationValidation

OCT Assessment of 
Strut Coverage g
Qualitative 
Parameters

Interobserver reproducibilityInterobserver reproducibility

Gonzalo et al. Am Heart J 2009



OCT Pifalls (3)
ValidationValidation

Nakano M et al. JACC: Cardiovascular Imaging 2012; 5 (1),71-82 
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OCT Tissue Characterization
Optical Attenuation Imaging: Ex-VivoOptical Attenuation Imaging: Ex-Vivo

High attenuation is associated with markers of plaque High attenuation is associated with markers of plaque 
vulnerability

Necrotic Core

Fibrous 2 – 5 mm-1

Calcium 0 – 5 mm-1

Necrotic core 10 mm-1

Macrophages > 12 mm-1p g

van Soest G et al, J. Biomed. Opt. 2010



OCT Tissue Characterization
Optical Attenuation Imaging: Ex-VivoOptical Attenuation Imaging: Ex-Vivo

High attenuation is associated with markers of plaque High attenuation is associated with markers of plaque 
vulnerability

Macrophages

Fibrous 2 – 5 mm-1

Calcium 0 – 5 mm-1

Necrotic core 10 mm-1

Macrophages > 12 mm-1

van Soest G et al, J. Biomed. Opt. 2010

p g



OCT Tissue Characterization
Optical Attenuation Imaging: In-VivoOptical Attenuation Imaging: In-Vivo



OCT tissue type Imaging
lid i b i i S OC3 S dValidation by Lipiscan-IVUS: OC3T Study

Objective:   Validation of OCT-derived tissue optical properties in vivo

Single-center, prospective, observational, cross-sectionalDesign: g p p

80 pts with documented CAD     

Funded by the Dutch Heart Foundation – 2010B064; MEC-2011-030
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OCT – Angiography Co-Registration

Tu, Regar et al. Int J Cardiovasc Imaging 2012



OCT – Angiography Co-Registration

Tu, Regar et al. Int J Cardiovasc Imaging 2012



OCT – Angiography Co-Registration

Tu, Regar et al. Int J Cardiovasc Imaging 2012
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3D Representation of the Lipid 
Distribution in a Living PatientDistribution in a Living Patient

NIR in 3DNIR in 3D
based on fusion of Lipiscan-IVUS and MSCT

Fusion of LipiScan -IVUS and MSCT

Wentzel  et al. Circulation, 2011.



FD OCT- 3D Rendering 
Lesion Treated With BVS: BaselineLesion Treated With BVS: Baseline

Van Geuns et al. Int J cardiol, 2011.



FD OCT- 3D Rendering 
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FD OCT- 3D Rendering 
BVS: 5Y FUP
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2006 - Final 2007 - FUP 6m 2012 – FUP 5y



FD OCT- 3D Rendering 
BVS: 5Y FUPBVS: 5Y FUP

2006 - Pre

2012 – FUP 5y



Thank you for your attention!
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