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Why?



Cor physiology and imaging – why?

Lesion significance

Hemodynamic lesion assessment

Plaque assessment

Evaluate plaque composition

Determine culprit lesion in ACS

Pre-PCI

Plan PCI

Determine distal embolization risk

Post-PCI

Stent expansion

Stent malapposition

Thrombus – Dissection
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Tonino, P. A. L. et al. J Am Coll Cardiol 2010;55:2816-2821

Angiographic vs. Functional Severity of Coronary Artery Stenoses

35%

80%
96%





ANGIO-group

N=496

FFR-group

N=509
P-value

Events at 1 year, No (%)

Death, MI, CABG, or repeat-PCI 91 (18.4) 67 (13.2) 0.02

Death 15 (3.0) 9 (1.8) 0.19

Death or myocardial infarction 55 (11.1) 37 (7.3) 0.04

CABG or repeat PCI 47 (9.5) 33 (6.5) 0.08

Total no. of MACE 113 76 0.02

Myocardial infarction, specified

All myocardial infarctions 43 (8.7) 29 (5.7) 0.07

Small periprocedural CK-MB 3-5 x 
N

16 12

Other infarctions (“late or large”) 27 17

FAME study: Adverse Events at 1 year

Tonino et al.  N Engl J Med 2009; 360:213-224
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447 414 388 351 308 277 243 212 175 155 117 92 53PCI+MT
441 414 370 322 283 253 220 192 162 127 100 70 37MT

No. at risk

0 1 2 3 4 5 6 7 8 9 10 11 12
Months after randomization

MT vs. Registry:      HR 4.32 (1.75-10.7); p<0.001

PCI+MT vs. Registry: HR 1.29 (0.49-3.39); p=0.61

PCI+MT vs. MT:      HR 0.32 (0.19-0.53); p<0.001

FAME 2: Death, MI, unplanned 

hospitalization with urgent revascularization

De Bruyne et al. N Engl J Med 2012; 367:991-1001



FAME 2: 2 years

De Bruyne et al. Engl J Med 2014; 371:1208-1217



Will FFR-guided PCI replace CABG?

• Multicenter, worldwide, 

prospective, randomized trial

• Non-inferiority design

• 1500 patients from 50 sites

• Plan for 2 years enrollment and up 

to 5 year follow-up



Skip the adenosine?

iFRPd/Pa



Multicenter Core Laboratory Comparison of the Instantaneous Wave-Free Ratio 

and Resting Pd/Pa With Fractional Flow Reserve: The RESOLVE Study

Jeremias et al. J Am Coll Cardiol. 2014;63:1253-1261

DEFINE-FLAIR

iFR - Swedeheart

90% accuracy: use of 

iFR and Pd/Pa might 

avoid hyperemia in 65% 

and 48% of lesions, 

respectively. 

95% accuracy: use of 

iFR and Pd/Pa might 

avoid hyperemia in 29% 

and 36% of lesions, 

respectively.



Microcatheter-based FFR

CT and angio-based FFR



Functional Assessment Using Routine Angiography: 
3DQCA and Computational Fluid Dynamics

Papafaklis MI, et al. EuroIntervention 2014;10:574-583

Two angiographic views for 3D QCA

Computational Fluid Dynamics 
(Blood Flow Simulation) 

for Pressure Distribution

What is needed?

Use of the artery-specific 
pressure-flow relationship

+

+

virtual Functional Assessment Index



Functional Assessment Using Routine Angiography: 
Correlation / Accuracy  vs wire-FFR

Papafaklis MI, et al. EuroIntervention 2014;10:574-583

Tested in 139 vessels (120 patients): High correlation and agreement vs wire-FFR

Improved diagnostic accuracy vs 2D/3D-QCA for predicting wire-FFR
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Left main by IVUS



Myocardial bridging



Anh et al. Am J Cardiol;113:1338-

1347

IVUS improves 
outcomes!



Clinical Data

Meta-Analysis of IVUS-Guided Implantation of DES to 

Improve Outcome

Jang et al. J Am Coll Cardiol Intv. 2014

3 RCTs

12 observational studies

24,849 pts

21%↓ MACE

43%↓ MI

35%↓ Death

19%↓ TVR

MACE









Mintz et al. J Am Coll Cardiol. 2014;64:207-222

Expand the stent!

Malapposition Underexpansion



IVUS for CTO PCI

1. Resolve proximal 

cap ambiguity

2. Guide wiring

3. Facilitate reverse 

CART

4. Stent sizing

5. Stent optimization

6. Assess 

complications



Intravascular imaging for CTO crossing

2.5 mm

Standard 

Tip

Short Tip

Image courtesy of Volcano



RAO 
Caudal

OM fills late 
by collaterals 
but the 
proximal cap 
is ambiguous



IVUS shows wire 
correctly enters 

proximal cap

Wire

Proximal Cap



High Definition IVUS



High Definition IVUS



IVUS

S
tr

u
c

tu
re

C
o

m
p

o
s
it

io
n NIRS-IVUS

H
e

m
o

d
y
n

a
m

ic
s

FFR

Invasive Coronary Evaluation - 2015

OCT



OCT vs. IVUS

OCT IVUS

Energy source Near-infrared Ultrasound 

(20-45MHz)

Wave-length, mm 1.3 35-80

Resolution, μm 15-20 100-200

Frame rate, 

frames/sec

100 30

Blood clearing Required Not required

*Maximum 

penetration, mm

~2 10

Imaging through 

calcium

Yes No



DEXTRANCONTRAST

Frick et al. CCI 2013



How can OCT help?

Pre-PCI - Assess plaque

1. Lesion severity

2. Facilitate stent sizing – need to prepare 

lesion

3. PCI risk: Lipid Core Plaque, Thrombus, 

Calcium

Post PCI

1. Dissections - thrombus

2. Malapposition

3. Stent expansion

long-term

4. Stent strut coverage-apposition



A B C

A. Distal reference B. Minimum lumen area C. Proximal reference

Pre-PCI OCT measurements

Area: 3.72mm2

Length: 3.23mm

Length: 3.35mm

Length: 3.57mm

Length: 3.73mm

Length: 14.01mm

Kubo, Akasaka et al, CVIT 2010;25:2-10



Detecting the culprit lesion

Plaque Rupture Plaque Erosion Thrombus



Stent malappositionEdge dissection 

Thrombus Stent under-expansion

OCT optimization post stenting



After stenting



OCT - distal to stent



Foreign body in the LAD

Ertel, Shroff, Vidovich. Cath Cardiovasc Interv 2014;84:677-81



Foreign body in the LAD - OCT

Ertel, Shroff, Vidovich. Cath Cardiovasc Interv 2014;84:677-81



What came 

out…

Ertel, Shroff, Vidovich. Cath Cardiovasc Interv 2014;84:677-81

Foreign body in the LAD - snaring



Difficulty 
advancing 

IVUS 
catheter

Safety Longitudinal compression and 

deformation



CLI-OPCI: 1-year outcomes

1.2

6.6

9.8

4.5

13.0

14.8

0

5

10

15

Cardiac death Cardiac death/MI Cardiac
death/MI/TVR

OCT-guided

Angio-guided

P=0.006

P=0.01

Prati et al. Eurointervention 2012

P=0.044



OCT-angio coregistration
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NIRS and IVUS Combined Catheter

Sheath

IVUS
Transducer

Catheter Core 
Tip

Fiber
Optics

NIRS Mirrors

NIRS Image (Chemogram)IVUS Image

Structure Composition

49



NIRS  clinical applications

1. All applications of IVUS

2. Optimizing acute PCI outcomes

3. Evaluating anti-atherosclerotic 

therapies

4. Understanding natural history of 

CABG



NIRS  clinical applications

1. All applications of IVUS

2. Optimizing acute PCI outcomes

3. Evaluating anti-atherosclerotic 

therapies

4. Understanding natural history of 

CABG



MI No MI

*

*

*

*

*

*

*

*

*

*

*

*

*

*

Goldstein et al. Circ Intv 2011

NIRS and post-PCI MI

9 pts

53 pts

7 had 

“large” 

LCP

7 had “large” LCP



Debris retrieved: 8 of 9 pts Brilakis et al. CCI 2012



Papayannis et al. CCI 2012

Thrombus formation

LCP –ve: 0/6 

LCP +ve: 2/3 

P=0.02



Chemogram recorded

at the site of stent 

thrombosis occurring

several years 

post-implantation.

Detection by Intracoronary Near-infrared 

Spectroscopy of Lipid-rich Plaques within 

Remotely Implanted Stents

Madder R et al. JACC 2014
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LCBI in Non-culprit Artery 

Identifies Vulnerable Patients

Median

LCBI = 43

LCBI in Non-culprit Artery

Above the Median

Oemrawsingh R et al. JACC 2014
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• Non-culprit vessel LCBI reflects vascular vulnerability of the larger coronary tree

• LCBI ≥43 predicts vulnerable patients with a 4x risk of event

• Ongoing studies will correlate events to yellow on the chemogram detecting 

vulnerable plaque and vulnerable patients



NIRS Clinical Trials
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artery to stent

Prediction of
peri-stenting MI

Prediction of Coronary 
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Vulnerable Plaque
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Lipid cORe plaque Association

with CLinical Events: a Near-

InfraRed Spectroscopy study

Miami VAMC, FL, C. 

Alfonso

Jesse Brown VAMC, 

IL, 

M. Vidovich

Dallas VAMC, TX,

E.S. Brilakis

Richard L. 

Roudebush 

VAMC, IN, 

I. Bolad

Denver VAMC, 

CO, 

E. Armstrong

Minneapolis VA 

Medical Center, MN, 

S. Garcia

Southern Arizona VAMC, 

AZ, H. Thai

South Texas VAMC, 

TX, R. Chilton

ORACLE-

NIRS

North Florida/South 

Georgia VAMC, FL, A. 

Bavry

San Francisco VAMC, 

CA, K. Shunk

Western New York 

VAMC, NY, J. 

Corbelli

Atlanta VAMC, GA, 

K. Mavromatis

Michael E. 

DeBakey VAMC, 

TX, H. Jneid

St Louis VAMC, 

MO, 

A. Klein

James A. Haley 

VAMC, FL, K. 

Reddy

Cleveland VAMC, 

OH, J. Josic

Memphis VAMC, 

TN, 

K. Ramanathan

Long Beach VAMC, 

CA, A. Seto

Tennessee Valley 

VAMC, TN, 

J. Bagai

Oklahoma City 

VAMC, OK, F. 

Latif 

Lexington VAMC, 

KY, 

K. Ziada

Southeast 

Louisiana VAMC, 

LA, A. Inrimpen  Active                            
 Pending approval
 Inactive   



Preparation times

Loren Makke, RCIS

Solid state IVUS OCT

27 seconds 129 seconds



Putting it all together

FFR IVUS OCT NIRS

Lesion significance

Hemodynamic lesion assessment ++ + + +

Plaque assessment

Evaluate plaque composition - + ++ ++

Determine culprit lesion in ACS - + ++ +

Pre-PCI

Plan PCI - ++ ++ ++

Determine distal embolization risk - + ++ ++

Post-PCI

Stent expansion - ++ ++ ++

Stent malapposition - + ++ +

Thrombus – Dissection - + ++ +
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OCT IVUS

Definitely 

beneficial

Determine size of 

vessel

Optimal stent 

deployment

Probably 

beneficial

Optimal stent 

deployment

LMCA

assessment

Possibly

beneficial

Plaque 

morphology

Plaque 

morphology

No proven 

value/discouraged

Non-LMCA 

lesion severity

Determine lesion 

significance

2014 SCAI consensus document

Lotfi A et al. Cath Cardiovasc Interv 2014;83:509-518



2011 ACC/AHA PCI Guidelines

Levine et al J Am Coll Cardiol 2011;58:e44-122

I IIa IIb III

IVUS 1. Indeterminate 

LM

2. ISR 

mechanism

3. Allograph 

vasculopathy

1. Non-LM 

intermediate 

lesions

2. Guide stenting 

(esp. LM)

3. Stent 

thrombosis 

mechanism

1. No 

plan 

for 

revasc

OCT - - - -



Yellow Trial – MaxLCBI4mm

400

200

0

Standard statin 40mg Rosuvastatin

800

600

1000
L

C
B

I

P < 0.0001P = 0.90 Baseline

Follow-up

-149

(-211, -43)

Absolute LCBI

Reduction

Kini et al. J Am Coll Cardiol 2013;62:21-9





Baseline

Follow-up

MaxLCBI4mm: 802

MaxLCBI4mm: 474

Plaque Area 

5.6mm2

Plaque Area 

5.5mm2 FFR: 0.78

FFR: 0.74

Kini et al. J Am Coll Cardiol 2013;62:21-9



FFR = Pd / Pa = 71/80 = 0.89 FFR = Pd / Pa = 52/77 = 0.68 

The limitations of visual estimation

Hamilos et al.  Circulation 2009



http://content.nejm.org/content/vol334/issue26/images/large/10f1.jpeg
http://content.nejm.org/content/vol334/issue26/images/large/10f1.jpeg


ANGIO-group

N=496

FFR-group

N=509
P-value

# indicated lesions per patient 2.7 ± 0.9 2.8 ± 1.0 0.34

FFR results

Lesions succesfully measured, No 
(%)

- 1329 (98%) -

Lesions with FFR ≤ 0.80 ,No (%) - 874 (63%) -

Lesions with FFR > 0.80 ,No (%) - 513 (37%) -

stents per patient 2.7 ± 1.2 1.9 ± 1.3 <0.001

Lesions succesfully stented (%) 92% 94% -

DES, total,  No 1359 980 -

FAME study: Procedural Results (1)

Tonino:  NEJM 2009





Stable CAD patients scheduled for 1, 2 or 3 

vessel DES-PCI

N = 1220

FFR in all target lesions

When all FFR > 0.80 

(n=332)

MT

At least 1 stenosis

with FFR ≤ 0.80 (n=888)

Randomization 1:1

PCI + MT MT

Follow-up  after 1, 6 months, 1, 2, 3, 4, and 5 years

Registry

50% randomly 

assigned to FU27%

Randomized Trial 

73%

FAME 2 - Fractional Flow Reserve versus 

Angiography for Multivessel Evaluation 2

Exclusions: 

1. Prior CABG

2. LVEF < 30%

3. LM disease

De Bruyne et al. N Engl J Med 2012; 367:991-1001



FAME study: Procedural Results (2)

ANGIO-group

N=496

FFR-group

N=509
P-value

Procedure time  (min) 70 ± 44 71 ± 43 0.51

Contrast agent used (ml) 302 ± 127 272 ± 133 <0.001

Materials used at procedure 

(US $)

6007 5332 <0.001

Length of hospital stay (days) 3.7 ± 3.5 3.4 ± 3.3 0.05

Tonino:  NEJM 2009





PREMIER Trial: IVUS Analysis

Atheroma volume % Necrotic core

NC 27%
FF 18%
CP 38%

Vessel boundary

Atheroma/Plaque

Lumen



Phase 1 PREMIER Results: LDL

ILLT VS. SMT:
At discharge: p=0.03
At 30d: p=0.10 
At 90d: p=0.32

Confidential information. Reproduction or dissemination without permission prohibited



Phase 1 PREMIER Results: IVUS Assessment of 
Change in Atheroma Volume

Confidential information. Reproduction or dissemination without permission prohibited

10.7930

-4.3111

-20.0

-10.0

0.0

10.0

20.0

30.0

40.0

P
la

q
u

e
 V

o
lu

m
e

 C
h

an
ge

 -
R

aw

p-value = 0.2351

0.7927

-8.3974

-20.0

-10.0

0.0

10.0

20.0

P
la

q
u

e
 V

o
lu

m
e

 C
h

an
ge

 -
% p-value = 0.2872

SMT (n=10) ILLT  (n=20)



Left main by IVUS



Gonzalo, N. et al. J Am Coll Cardiol 2012;59:1080-1089

Relation Between FFR and OCT and IVUS Measurements

Best OCT MLA cutoff:

1.95 mm2

Sensitivity: 82%

Specificity: 63%

PPV: 66%

NPV: 80%

Accuracy: 72%

61 stenoses

5 of 26 patients with MLA >1.95 mm2 had an FFR ≤80; all of them in LAD

IVUS:11-22% larger than OCT

IVUS cutoff: 2.36 mm2



Angio-guided

(n=335)

OCT-guided

(n=335)

PCI

n=670 1-year follow up for 

MACE



Stent malapposition 

(29.7%)  
• >200 µm

• length >600 µm 

Edge dissection 

(14.2%)
• >200 µm

• length >600 µm 

Thrombus (22%)
• >200 µm

• length >600 µm 

Stent under-expansion

(11.4%)
MLA ≥90% of the average 

reference lumen area or 

≥100% of lumen area of the 

reference segment with the 

lowest lumen area

Additional 

intervention: 

34.7%

Prati et al. Eurointervention 2012



1. More deliverable (lower profile)

• Especially in areas of tortuosity 

2. Faster

• Less time to acquire images

• Faster browsing

• Faster automated measurements

3. Easier to interpret

4. OCT advantages over IVUS



IVUS preferred for:

• CTO lesion crossing

• Ostial lesions

• Longitudinal plaque 

progression/regression studies

For everything else….

OCT



Intravascular Imaging and Physiology
Why?

1. Improve procedure flow and outcomes

a) Determine lesion severity

b) Determine culprit lesion

c) Optimize stent sizing

d) Optimize PCI result

e) Assist with complication management

2. Safe and easy to use



104mm 102mm108mm

NIRS IVUS


