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EEM CSA = 20.4
Lumen CSA = 9.7 

Max lumen diam = 3.7
MLD = 3.1

P+M CSA = 10.7
Eccentricity = 1.0/0.3
Plaque burden = 0.52

Arc of Ca = 60

EEM CSA = 20.4EEM CSA = 20.4
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EEM CSA = 21.6
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Max lumen diam = 32.8
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Eccentricity = 3.0/0.1
Plaque burden = 0.79
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Max lumen diam = 3.6
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Plaque burden = 0.33
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Average Reference EEM CSA = 16.9
Remodeling Index = 1.3

Average Reference Lumen CSA =  9.3
Area Stenosis = 52%
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Area Stenosis = 52%Area Stenosis = 52%



CRF offCRF off--line analysisline analysis ““Case report formCase report form””

11 pages!!!11 pages!!!



•• What you analyze and how you analyze it What you analyze and how you analyze it 
depends on the question that you want to depends on the question that you want to 
answer. answer. 

•• It is important to have the question or It is important to have the question or 
hypothesis in mind before you start your hypothesis in mind before you start your 
analysis and, even better, before you collect analysis and, even better, before you collect 
your datayour data
 IVUS predictors of ischemia or eventsIVUS predictors of ischemia or events
 IVUS predictors of restenosis or stent thrombosisIVUS predictors of restenosis or stent thrombosis
 Mechanisms of restenosisMechanisms of restenosis
 Progression/regressionProgression/regression



•• PrePre--specify the analysis and definitions. This specify the analysis and definitions. This 
is especially important in unblinded and nonis especially important in unblinded and non--
randomized studies. randomized studies. 

•• Analysis softwareAnalysis software
 Commercial systemsCommercial systems
 Freeware/shareware. . . Freeware/shareware. . . NIH Image (or ImageJ for Mac)NIH Image (or ImageJ for Mac)

•• Understand the limitations of your project Understand the limitations of your project 
before you startbefore you start

•• The more you plan in advance, the less you The more you plan in advance, the less you 
will have to repeat before you are finished.will have to repeat before you are finished.

•• Read the literature. Standards documents exist. Read the literature. Standards documents exist. 
Read them and follow their guidelines.Read them and follow their guidelines.



VERDICT PilotVERDICT Pilot

Prospective, multicenter, non-randomized, non-blinded 
study in 300 intermediate coronary lesions

(DS ≥40% - <80%, RVD 2.75 – 4.0 mm)

FFR and VH-IVUS assessment of all lesions

10 sites in US and EU; Sponsor: Volcano Corp.

Prospective, multicenter, non-randomized, non-blinded 
study in 300 intermediate coronary lesions

(DS ≥40% - <80%, RVD 2.75 – 4.0 mm)

FFR and VH-IVUS assessment of all lesions

10 sites in US and EU; Sponsor: Volcano Corp.

1. Examine concordance between FFR and VH-IVUS parameters
2. Establish IVUS values for MLA/length/volume to predict ischemia (ROC)
3. ? Incremental correlative value of fibroatheromas for ischemia
4. Inform a large-scale, randomized trial

1. Examine concordance between FFR and VH-IVUS parameters
2. Establish IVUS values for MLA/length/volume to predict ischemia (ROC)
3. ? Incremental correlative value of fibroatheromas for ischemia
4. Inform a large-scale, randomized trial

Vascular Evaluation for Revascularization:           
Defining Indications for Coronary Therapy

Study Endpoints and Objectives:



VERDICT Randomized TrialVERDICT Randomized Trial
Patients undergoing PCI with one or more 

additional intermediate lesions (≥40% - <80%) in 
a vessel with RVD 2.75 - 4.0 mm

Patients undergoing PCI with one or more 
additional intermediate lesions (≥40% - <80%) in 

a vessel with RVD 2.75 - 4.0 mm

Angiographic 
guidance

Angiographic 
guidance

VH-IVUS 
guidance
VH-IVUS 
guidance

FFR
guidance

FFR
guidance

1 year follow-up
Endpoints: MACE, cost-effectiveness

Powered for superiority of both FFR and VH-IVUS vs. angio (α=0.025)

Selective interrogation and proscribed deferral

R

Note: Trial design not finalized



Assessment of Predictors of Thrombosis Assessment of Predictors of Thrombosis 
& Restenosis& Restenosis

DES ThrombosisDES Thrombosis DES RestenosisDES Restenosis

UnderexpansionUnderexpansion ••Fujii et al. J Am Coll Cardiol Fujii et al. J Am Coll Cardiol 
2005;45:9952005;45:995--8)8)

••Okabe et al., Am J Cardiol. Okabe et al., Am J Cardiol. 
2007;100:6152007;100:615--2020

••Liu et al. JACC Cardiovasc Liu et al. JACC Cardiovasc 
Interv. 2009;2:428Interv. 2009;2:428--3434

••Choi et al. Circulation Choi et al. Circulation 
Cardiovascular Interventions Cardiovascular Interventions 
(in press)(in press)

••Sonoda et al. J Am Coll Cardiol Sonoda et al. J Am Coll Cardiol 
2004;43:19592004;43:1959--6363

••Hong et al. Eur Heart J Hong et al. Eur Heart J 
2006;27:13052006;27:1305--1010

••Doi et al JACC Cardiovasc Doi et al JACC Cardiovasc 
Interv. Interv. 2009;2:12692009;2:1269--7575

••Fujii et al. Circulation Fujii et al. Circulation 
2004;109:10852004;109:1085--10881088

Edge problems Edge problems 
(geographic miss, (geographic miss, 
secondary lesions, large secondary lesions, large 
plaque burden, etc)plaque burden, etc)
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••Costa et al, Am J Cardiol, Costa et al, Am J Cardiol, 
2008;101:17042008;101:1704--1111



Impact of lesion length and final Impact of lesion length and final 
minimum stent area (MSA) on restenosisminimum stent area (MSA) on restenosis

RestenosisRestenosis
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de Feyter et al. Circulation 1999;100:1777de Feyter et al. Circulation 1999;100:1777--8383

**No actual observations in this rangeNo actual observations in this range



ST No ST p
Reference segment
Most normal looking
Lumen CSA, mm2 9.2 9.3 0.6
EEM CSA, mm2 14.4 15.3 0.7
Plaque burden, % 41.7 37.0 0.3

Most diseased
Lumen CSA, mm2 3.5 5.9 <0.001
EEM CSA, mm2 13.5 12.2 0.8
Plaque burden, % 67.5 49.5 <0.001

Stent
MLA slice
Stent CSA, mm2 6.3 7.1 0.5
Lumen CSA, mm2 4.4 6.7 0.013

MSA slice
Stent CSA, mm2 6.3 7.1 0.3
<5.0mm2 41.7% 17.0%

Choi et al. Circulation Cardiovascular Interventions (in press)Choi et al. Circulation Cardiovascular Interventions (in press)



Assessment of Assessment of MechanismsMechanisms of of 
RestenosisRestenosis

•• Identify the site of the minimum lumen CSA at Identify the site of the minimum lumen CSA at 
followfollow--up because this defines restenosis. Then up because this defines restenosis. Then 
““go backwardsgo backwards”” to identify the same crossto identify the same cross--
section postsection post--PCIand prePCIand pre--PCIPCI

•• Conversely, it is not correct to identify the site of Conversely, it is not correct to identify the site of 
the minimum lumen CSA prethe minimum lumen CSA pre--PCI and PCI and ““go go 
forwardforward”” to indentify the same crossto indentify the same cross--section postsection post--
PCI and at followPCI and at follow--up. This may not represent the up. This may not represent the 
restenosis process.restenosis process.

•• The MLA migrates from preThe MLA migrates from pre--PCI to postPCI to post--PC to PC to 
followfollow--up.up.



NonNon--stented stented 
lesionslesions

Stented lesionsStented lesions Stent edgesStent edges

ΔΔEEMEEM ΔΔStentStent ΔΔEEMEEM

ΔΔLumenLumen ΔΔLumenLumen ΔΔLumenLumen

ΔΔP&MP&M ΔΔIHIH ΔΔP&MP&M

ΔΔEEMEEM

ΔΔP&MP&M

ΔΔMalappositionMalapposition

What measurements are important?What measurements are important?



Volumetric analysis and planar (mm x mm) Volumetric analysis and planar (mm x mm) 
analysis are complementary analysis are complementary 

StentedStented
segmentsegment

DistalDistal
EdgeEdge
(5mm)(5mm)

ProximalProximal
EdgeEdge
(5mm)(5mm)

analysis inanalysis in--stentstent

analysis ofanalysis of
proximal edgeproximal edge

analysis ofanalysis of
distal edgedistal edge
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Proximal edgeProximal edge
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Serruys et al. Circulation 2004;109:627Serruys et al. Circulation 2004;109:627--3333
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Weissman et al unpublishedWeissman et al unpublished
Kay et al. Circulation 2001;103:14Kay et al. Circulation 2001;103:14--77



Location of 273 ruptured plaques in 158 patients Location of 273 ruptured plaques in 158 patients 
with ACS and 48 patients with stable angina and with ACS and 48 patients with stable angina and 

three vessel IVUSthree vessel IVUS

Distance from coronary ostium (mm)Distance from coronary ostium (mm)

# of ruptured plaques# of ruptured plaques
Length of artery imaged beginning at the coronary ostium (mm)Length of artery imaged beginning at the coronary ostium (mm)

# of arteries# of arteries

Hong et al J Am Coll Card 2005;46:261Hong et al J Am Coll Card 2005;46:261--55



Use well-
established 

greyscale IVUS 
definitions and 
measurements

Don’t re-invent 
the wheel!



• Use the absolute change in % 
atheroma volume of a >30mm long 
segment with well-defined 
proximal and distal fiduciary 
points as the primary endpoint

• Even though the most diseased 
subsegments contain the largest 
mean plaque burden, do not use 
for the primary endpoint: 
• No consistent proximal and 

distal fiduciary points
• MLA, maximum plaque burden, 

and the most-diseased segment 
can shift during follow-up 

• variability increases when the 
segment length is short



ThickThick--cap FA cap FA ThinThin--cap FAcap FA

PITPIT

FibrocalcificFibrocalcificFibrousFibrous



Pre-specify the definitions


