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Coronary Angiography: Luminal SilhouetteCoronary Angiography: Luminal Silhouette
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Most MIs Arise From Smaller, Most MIs Arise From Smaller, 
Non flowNon flow--limiting limiting StenosesStenoses
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EcholucentEcholucent vsvs EchogenicEchogenic

Previous histological Previous histological 
studies have demonstrated that studies have demonstrated that 
the discrimination of lipid is the discrimination of lipid is 
inconsistent using grayscale inconsistent using grayscale 
images alone.images alone.

Is there additional Is there additional 
information available?information available?

Images Courtesy of CCF IVUS Core Lab



VHVH IVUSIVUS

Medium frequency Low frequency High frequency

20MHz signal frequency, but what we get back…



Teaching the ComputerTeaching the Computer



VH IVUSVH IVUS

VH IVUSVH IVUS
Fibrous TissueFibrous Tissue
FibroFibro--fattyfatty
Necrotic CoreNecrotic Core
Dense CalciumDense Calcium

Gated data collectionGated data collection

Nair A, Kuban BD, Tuzcu EM, Schoenhagen Nair A, Kuban BD, Tuzcu EM, Schoenhagen 
P, Nissen SE, Vince DG.P, Nissen SE, Vince DG.
CirculationCirculation, 106: 2200, 106: 2200--2206, 2002 2206, 2002 
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EAGLE EYE DECEMBER 2004 EAGLE EYE DECEMBER 2004 
CLASSIFICATION TREE Accuracy Data: Slice CLASSIFICATION TREE Accuracy Data: Slice 

by Slice VH & Histology Comparisonby Slice VH & Histology Comparison

Sensitivity Specificity Predictive Accuracy 
(%) (%) (%) 

Fibrous Tissue (n= 97)         84.5                    97.7                           92.1
Fibro Fatty (n= 58)              77.6                    93.5                           89.5 
Necrotic Core (n= 36)           83.3                    92.2                           90.8 
Dense Calcium (n= 37)          97.3                    96.9                           96.9



ReproducibilityReproducibility
One EagleEye and collect 10 images



Predicted Plaque Composition Predicted Plaque Composition 
with pullback one and twowith pullback one and two

19 0±0 1.3±0.8 0.3±0.2 0.01±0.01
19 0±0 1.5±0.7 0.3±0.2 0.02±0.03

37 0.005±0.008 1.4±0.8 1.2±0.7 0.008±0.001
37 0.001±0.005 1.3±0.7 1.1±0.6 0.005±0.02

14 0.04±0.07 5.6±0.6 0.6±0.1 0.1±0.1
14 0.04±0.04 6.3±1.0 0.9±0.1 0.1±0.1

27 0.00±0 3.3±0.8 0.6±0.1 0.08±0.06
27 0.02±0.05 2.9±0.6 0.9±0.1 0.08±0.07

27 0.01±0.02 3.6±0.4 0.8±0.2 0.1±0.09
27 0.05±0.05 3.9±0.4 0.6±0.2 0.1±0.07

Pullback  n of sites       DC (mm2)                       FT (mm2) FF (mm2) NC (mm2) 

1
2

1
2

1
2

1
2

1
2

Matched pairs;
Mean difference 0.014 0.09 0.02 0.006

REPRODUCIBILITY



LimitationsLimitations

Spatial accuracySpatial accuracy
100100µµm resolution m resolution 
expressed in 200expressed in 200µµm m 
blocksblocks

Invasive methodInvasive method
FastFast
High resolutionHigh resolution

Seeing behind calciumSeeing behind calcium
Investigate SNRInvestigate SNR
Plastic embedded tissuePlastic embedded tissue



For True Real Time we For True Real Time we 
Need Automatic Borders?Need Automatic Borders?



Future TechnologyFuture Technology

FullyFully--automaticautomatic
Really difficult!!Really difficult!!



Future TechnologyFuture Technology
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Future TechnologyFuture Technology

Why not use VH to find bordersWhy not use VH to find borders
Find Find ““bloodblood””
Find Find ““plaqueplaque””
Where blood ends and plaque starts is the lumen borderWhere blood ends and plaque starts is the lumen border

Find Find ““plaqueplaque””
Find Find ““adventitiaadventitia””
Where plaque ends and adventitia starts is the external borderWhere plaque ends and adventitia starts is the external border

Use border detection algorithm to refine borderUse border detection algorithm to refine border



Automated DetectionManual Tracing

ExamplesExamples



Automated DetectionManual Tracing

ExamplesExamples



RealReal--time Border Detectiontime Border Detection



0.09 (0.09 (±± 0.54)0.54)
1.2% (1.2% (±± 7.4%)7.4%)

0.17 (0.17 (±± 0.63)0.63)
3.6% (3.6% (±± 10.3%)10.3%)

0.02 (0.02 (±± 0.49)0.49)
--1.1% (1.1% (±±8.7%)8.7%)

0.42 (0.42 (±± 2.3)2.3)
3.4% (3.4% (±± 16.4%)16.4%)

AvgAvg
((±± stdevstdev))

Lumen Mean Lumen Mean 
DIA (mm)DIA (mm)

Lumen Max DIA Lumen Max DIA 
(mm)(mm)

Lumen Min DIA Lumen Min DIA 
(mm)(mm)

Lumen CSA Lumen CSA 
(mm(mm22))

(n = (n = 
1183)**1183)**

** 7 pullbacks of RF data – no user interaction – compared to expert observer

Fully Fully -- Automated Lumen Border Automated Lumen Border 
DetectionDetection



--0.13 (0.13 (±±1.0)1.0)
--5.3% (5.3% (±± 10.5%)10.5%)

--.01 (.01 (±± 1.1)1.1)
--1.6% (1.6% (±± 14.2%)14.2%)

--0.26 (0.26 (±± 1.0)1.0)
--8.8% (8.8% (±± 11.0%)11.0%)

--0.9 (0.9 (±± 7.4)7.4)
--8.8% (8.8% (±± 22.8%)22.8%)

AvgAvg
((±± stdevstdev))

EEL Mean DIA EEL Mean DIA 
(mm)(mm)

EEL Max DIA EEL Max DIA 
(mm)(mm)

EEL Min DIA EEL Min DIA 
(mm)(mm)

EEL CSA (mmEEL CSA (mm22))(n = (n = 
1183)**1183)**

Fully Fully -- Automated EELAutomated EEL
Border DetectionBorder Detection

** 7 pullbacks of RF data – no user interaction – compared to expert observer



Future and Current WorkFuture and Current Work

ValidationValidation
Further Further ex vivoex vivo
AtherectomyAtherectomy

New groups:New groups:
ThrombusThrombus
StentsStents

New cathetersNew catheters
NonNon--invasive VH ??invasive VH ??


