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AlgorithmAlgorithm

RF/VH analysis uses 8 RF/VH analysis uses 8 
amplitude and amplitude and 

frequency parametersfrequency parameters

Frequency of echo signal varies, Frequency of echo signal varies, 
depending on the tissuedepending on the tissue



30MHz Mechanical Transducer 
VH IVUS vs histopathology from  fresh 51 fresh, post mortem 

LADs (88 plaques and 208 regions of interest)

Training set 
predictive 
accuracy

Validation set 
predictive 
accuracy

Fibrous tissue (n=101) 90.4% 79.7%

Fibrofatty (n=56) 92.8% 81.2%

Necrotic core (n=70) 89.5% 85.5%

Dense calcium (n=50) 90.9% 92.8%

NairNair et al. Circulationet al. Circulation 2002;106;22002002;106;2200--66



Validation of of VHValidation of of VH--IVUS in 30MHz Mechanical IVUS in 30MHz Mechanical 
Transducers (with Blinded Deconvolution) Against Transducers (with Blinded Deconvolution) Against 

DCA Specimens (307 Sections in 30 Pts)DCA Specimens (307 Sections in 30 Pts)

Nasu et al. J Am Coll Cardiol 2006;47:2405Nasu et al. J Am Coll Cardiol 2006;47:2405--1212

SensSens SpecSpec Predictive Predictive 
AccuracyAccuracy

Fibrous tissueFibrous tissue 86.0%86.0% 90.5%90.5% 87.%87.%

FibrofattyFibrofatty 79.3%79.3% 100%100% 87.1%87.1%

Necrotic coreNecrotic core 67.3%67.3% 92.9%92.9% 88.3%88.3%

Dense calciumDense calcium 50.0%50.0% 98.9%98.9% 96.5%96.5%

•• 15 stable angina and 15 ACS pts. 15 stable angina and 15 ACS pts. 
•• NC was more common in ACS vs SAPNC was more common in ACS vs SAP

•• Histopathology: 22.6% vs. 12.6%, p=0.02Histopathology: 22.6% vs. 12.6%, p=0.02
•• In vivo VHIn vivo VH--IVUS:IVUS: 24.5% vs. 10.4%, p=0.00224.5% vs. 10.4%, p=0.002



Eagle Eye (20MHz Electronic Array 
Transducer) 

VH IVUS vs histopathology from  fresh 51 fresh, post mortem 
LADs (115 sections and 407 regions of interest)

Sensitivity Specificity Predictive 
Accuracy

Fibrous tissue (n=162) 84.0% 98.8% 92.8%

Fibrofatty (n=84) 86.9% 95.1% 93.4%

Necrotic core (n=69) 97.1% 93.8% 94.4%

Dense calcium (n=92) 97.8% 99.7% 99.3%

Nair et al. Eurointervention 2007;3:113Nair et al. Eurointervention 2007;3:113--2020



ReproducibilityReproducibility
•• Hartmann, et al. Hartmann, et al. Reproducibility of volumetric intravascular ultrasound Reproducibility of volumetric intravascular ultrasound 

radiofrequencyradiofrequency--based analysis of coronary plaque composition in vivo. Int based analysis of coronary plaque composition in vivo. Int 
J Cardiovasc Imaging. 200;25:13J Cardiovasc Imaging. 200;25:13--23. 23. 
 Intraobserver comparison, same pullback: relative differences = Intraobserver comparison, same pullback: relative differences = 0.450.45±±2.1% (FT); 2.1% (FT); 

--1.121.12±±4.9% (FF); 4.9% (FF); --0.840.84±±2.1% (DC); 2.1% (DC); --0.220.22±±1.8% (NC)1.8% (NC)
 Intraobserver comparison, repeated pullback: relative differenceIntraobserver comparison, repeated pullback: relative differences = 1.40s = 1.40±±4.1% 4.1% 

(FT); 1.26(FT); 1.26±±6.7% (FF); 2.666.7% (FF); 2.66±±7.4% (DC); 0.857.4% (DC); 0.85±±4.4% (NC)4.4% (NC)
 iIrobserver comparison, same pullback: relative differences = iIrobserver comparison, same pullback: relative differences = --1.601.60±±4.9% (FT); 4.9% (FT); 

3.853.85±±8.2% (FF); 1.668.2% (FF); 1.66±±7.5% (DC), and 7.5% (DC), and --1.581.58±±4.7% (NC)4.7% (NC)
 NC volume showed on average the lowest measurement variability.NC volume showed on average the lowest measurement variability.

•• Huisman et al. BetweenHuisman et al. Between--centre reproducibility of volumetric intravascular centre reproducibility of volumetric intravascular 
ultrasound radiofrequencyultrasound radiofrequency--based analyses in mildbased analyses in mild--toto--moderate coronary moderate coronary 
atherosclerosis: an international multicentre study. EuroInterveatherosclerosis: an international multicentre study. EuroIntervention. ntion. 
2010;5:9252010;5:925--3131
 Intraclass correlations were 0.95 (FT), 0.93 (FF), 0.99 (NC), anIntraclass correlations were 0.95 (FT), 0.93 (FF), 0.99 (NC), and 1.00 (DC)d 1.00 (DC)
 Of the plaque components NC and DC volume showed on average the Of the plaque components NC and DC volume showed on average the highest highest 

reproducibility.reproducibility.



Reproducibility of Repeated ImagingReproducibility of Repeated Imaging
Following IVUS-VH acquisition and after the disengagement and re-engagement 

of the guiding catheter, an additional acquisition was performed using a new 
IVUS catheter. 

RodriguezRodriguez--Granillo et al Granillo et al Int J Cardiovasc Imaging.Int J Cardiovasc Imaging. 2006;22:6212006;22:621--3131



In vivo ReproducibilityIn vivo Reproducibility
Two 20MHz catheters and two pullbacksTwo 20MHz catheters and two pullbacks



70% of ACS 70% of ACS 
culprit lesionsculprit lesions

30% of ACS culprit lesions30% of ACS culprit lesions

Naghavi et al. Circulation 2003;108:1664Naghavi et al. Circulation 2003;108:1664--7272

“Vulnerable Plaque” = thrombosis-prone
plaque and plaque with a high probability of 

undergoing rapid progression

““Vulnerable PlaqueVulnerable Plaque”” = thrombosis= thrombosis--proneprone
plaque and plaque with a high probability of plaque and plaque with a high probability of 

undergoing rapidundergoing rapid progressionprogression



Confluent NCConfluent NCNonNon--Confluent NCConfluent NC

Pathological Intimal Pathological Intimal 
ThickeningThickening

FibroatheromaFibroatheroma

Search for TCFASearch for TCFA--II: PIT vs FAII: PIT vs FA



Search for TFCASearch for TFCA--II: TCFA vs ThFCAII: TCFA vs ThFCA

Thin CapThin Cap Thick CapThick Cap

•• Fibrous cap of typical TCFA is <65Fibrous cap of typical TCFA is <65μμmm
•• However, all fibrous caps <150However, all fibrous caps <150μμm will abut the lumen m will abut the lumen 

because the resolution of VHbecause the resolution of VH--IVUS is 150IVUS is 150μμ



Thin cap fibroatheroma (TCFA)Thin cap fibroatheroma (TCFA)

2. 2. 30 degree30 degree abuttingabutting
1. 1. ConfluentConfluent NC>10%NC>10%

3. 3. 3 consecutive3 consecutive framesframes



ThickThick--cap FA cap FA ThinThin--cap FAcap FA PITPIT FibrocalcificFibrocalcificFibrousFibrous

VHVH--IVUS ClassificationIVUS Classification

> 10%> 10%
Confluent Confluent 

Necrotic CoreNecrotic Core
< < 10%10% Confluent Confluent 

Necrotic CoreNecrotic Core

> 10% > 10% 
confluent confluent 
calciumcalcium

> 15%> 15%
FibrofattyFibrofatty



Thim et al. Circ Cardiovasc Imaging 2010;3:384Thim et al. Circ Cardiovasc Imaging 2010;3:384--391391



•• CoCo--registration of VH IVUS and histologic sections registration of VH IVUS and histologic sections 
may be problematic. VH IVUS is sampled every 0.5 may be problematic. VH IVUS is sampled every 0.5 
mm (on average) vs every 4 mm for pathologic mm (on average) vs every 4 mm for pathologic 
sections. This cannot be overcome by use of sections. This cannot be overcome by use of 
fiduciary branch points or angioplasty footprints. fiduciary branch points or angioplasty footprints. 

•• The VH IVUS algorithm was The VH IVUS algorithm was ““trainedtrained”” on human on human 
histology. Swine atherosclerosishistology. Swine atherosclerosis balloon injury balloon injury 
model is different from human necroticmodel is different from human necrotic cores. cores. 
UltrasonicUltrasonic reflection from a lipid pool (with very reflection from a lipid pool (with very 
few interfaces) is markedly different from an area few interfaces) is markedly different from an area 
with "cellular debris"with "cellular debris" with several interfaces on with several interfaces on 
which to reflect ultrasound. which to reflect ultrasound. 

•• Fixation artifacts distort absolute necrotic core Fixation artifacts distort absolute necrotic core 
measures. To overcome this limitation, geometric measures. To overcome this limitation, geometric 
transformation was used in the validation studies.transformation was used in the validation studies.

•• Although not stated in the Methods, animal Although not stated in the Methods, animal 
studies typically restudies typically re--use IVUS catheters. VH is only use IVUS catheters. VH is only 
as good as the signalas good as the signal available from the IVUS available from the IVUS 
transducer and the signal processingtransducer and the signal processing available. available. (Int (Int 
J Card Imaging. 2000;16:23J Card Imaging. 2000;16:23--7)7)

Thim et al. Circ Cardiovasc Imaging Thim et al. Circ Cardiovasc Imaging 
2010;3:3842010;3:384--391391
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Thim et al. Circ Cardiovasc Imaging Thim et al. Circ Cardiovasc Imaging 
2010;3:3842010;3:384--391391

•• The lack of correlation between VH IVUS The lack of correlation between VH IVUS 
and histology necrotic core area in the and histology necrotic core area in the 
present reportpresent report was driven primarily by one was driven primarily by one 
point in the upper left quadrant. Using the point in the upper left quadrant. Using the 
data in this graph, if this outlier is removed, data in this graph, if this outlier is removed, 
one can calculate that the Pearson one can calculate that the Pearson 
improves to r = 0.79 (P=0.0003), indicating improves to r = 0.79 (P=0.0003), indicating 
very good correlation. very good correlation. VHV
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Thim et al. Circ Cardiovasc Imaging Thim et al. Circ Cardiovasc Imaging 
2010;3:3842010;3:384--391391

•• There is often major disagreement among There is often major disagreement among 
pathologists when assessing histology.  pathologists when assessing histology.  
From a study in which 4 highly experienced From a study in which 4 highly experienced 
cardiac pathologists assessed 30 Movat cardiac pathologists assessed 30 Movat 
pentachrome coronary histology slides, in pentachrome coronary histology slides, in 
only 7 cases (23%) was there agreement as only 7 cases (23%) was there agreement as 
to histologic classification with the greatest to histologic classification with the greatest 
source of variability being in the location source of variability being in the location 
and quantity of necrotic core and quantity of necrotic core 
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PITPIT Ca FACa FA FAFA PITPIT



VHVH--IVUS and Plaque Behind CalciumIVUS and Plaque Behind Calcium
• Using the 20MHz transducer, 80% of ROI behind calcium 

contained both reflected ultrasound information and noise 
although the signal-to-noise ratio was low.  20% of ROIs behind 
calcium had only noise (Tanaka et al. J Am Coll Cardiol 2007;49:29B)

• When inaccurate, tissue is classified as NC 65% of the time, FT 
18% of the time, and FF 14% of the time (Vince. Volcano Corp)

• For plaques with arc of calcium >90°, NC does not correlate 
with LCBI.

Correct Incorrect ROIs Accuracy
Mild microcalcium IVG 2 0 2 100%

S5 1 1 2 50%
Heavy microcalcium IVG 3 6 9 33.3%

S5 18 9 27 66.7%
Dense calcium IVG 27 10 37 73%

S5 27 16 43 62.8%
Overall IVG 32 16 48 66.7%

S5 46 26 72 63.9%





NIR Spectroscopy can identify the chemical composition of unknowNIR Spectroscopy can identify the chemical composition of unknown n 
substances and distinguish cholesterol from collagen. ROC validasubstances and distinguish cholesterol from collagen. ROC validation of tion of 

NIR Spectroscopy in 51 autopsy hearts (algorithm for detection oNIR Spectroscopy in 51 autopsy hearts (algorithm for detection of f 
confluent [>0.2mm thick and >60confluent [>0.2mm thick and >60°°] and relatively superficial necrotic core ] and relatively superficial necrotic core 

[overlying mean fibrous cap thickness <0.45microns]) [overlying mean fibrous cap thickness <0.45microns]) 
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When calcified plaques When calcified plaques 
were excluded, there was were excluded, there was 
a significant correlation a significant correlation 

between VHbetween VH--IVUS %NC vs. IVUS %NC vs. 
NIRNIR--derived LCBI derived LCBI 

(Rho=0.496, P=0.001). (Rho=0.496, P=0.001). 





Thrombus
• Thrombus was detected in 81 of 259 histology slices. 

Thrombus was colored as fibrous or fibro-fatty by VH-IVUS. 
•• As a result. . . As a result. . . 

 Superficial thrombus will cause a TCFA to be classified Superficial thrombus will cause a TCFA to be classified 
as a ThFCAas a ThFCA

 A thrombusA thrombus--containing lesion may be classified as PIT containing lesion may be classified as PIT 
or fibrotic (stable) rather than unstableor fibrotic (stable) rather than unstable

•• In all probability RFIn all probability RF--IVUS detection of thrombus IVUS detection of thrombus 
will not be possible by any technique since the will not be possible by any technique since the 
IVUS signal changes with the IVUS signal changes with the ““ageage”” of the of the 
thrombusthrombus

Nasu et al  Am J Cardiol 2008;101:1079Nasu et al  Am J Cardiol 2008;101:1079--8383





MLAMLA

proximal proximal 
to MLAto MLA



One Pixel White Border on the Surface



Wrong Lumen/Vessel BorderWrong Lumen/Vessel Border
Wrong Wrong lumenlumen

borderborder
Wrong Wrong vesselvessel

borderborder

True Fibrous True Fibrous 
CapCap



Stents
• Stent metal appears as calcium surrounded by 

necrotic core even when implanted acutely and 
should ont be interpreted as inflammation or 
necrotic core unless there is a baseline study for 
comparison 
 Kim et al. Am J Cardiol 2008;102:1182-6

• No validation for intimal hyperplasia



PostPost--StentStent

BeforeBefore--StentStent



PrePre--PCIPCI

PostPost--StentStent



Change in nonChange in non--culprit lesion phenotype in 106 culprit lesion phenotype in 106 
patients (201 lesions) with plaque burden patients (201 lesions) with plaque burden 
>40%) from the Global VH Registry with >40%) from the Global VH Registry with 

baseline and 8baseline and 8--month followmonth follow--up VH analysisup VH analysis

Pathological 
intimal 

thickening (PIT)

Thin-cap 
fibroatheroma 

(TCFA)

Thick-cap 
fibroatheroma 

(ThFA)

Fibrotic Fibrocalcif

Kubo et al.  J Am Coll Cardiol 2010;55:1590-7 



•• During followDuring follow--up. . . up. . . 
 75% of TCFAs healed and 25% remained 75% of TCFAs healed and 25% remained 

unchanged although the location of the necrotic unchanged although the location of the necrotic 
core in contact with the lumen shifted axially. core in contact with the lumen shifted axially. 

•• Compared to TCFAs that healed, TCFAs that did not Compared to TCFAs that healed, TCFAs that did not 
change were more proximal in location and had change were more proximal in location and had 
larger lumen area, vessel area, plaque area, calcium larger lumen area, vessel area, plaque area, calcium 
area, and necrotic core area.area, and necrotic core area.

•• 12 new TCFAs were noted12 new TCFAs were noted
 6 late6 late--developing TCFAs were PIT and 6 were developing TCFAs were PIT and 6 were 

ThFA at baseline.  ThFA at baseline.  
•• No fibrotic or fibrocalcific plaques evolved into a No fibrotic or fibrocalcific plaques evolved into a 

TCFA. TCFA. 

Kubo et al.  J Am Coll Cardiol 2010;55:1590-7 



N=64 N=21 N=94 N=22 N=20

10%10%

N=52 N=15 N=109 N=24 N=21

19%19% 65%65%10%10%
1%3%

6% 18%18%



PIT

TCFA

TCFA

TCFA

TCFA

ThCFA

TCFA

Fibrotic
Follow-up

Baseline



N=16N=16 N=43N=43

19%19%

N=11N=11 N=54N=54 N=32N=32

43%43% 14%14%

5%5% 45%45%38%38%
76%76%

48%48%

PIT TCFA ThCFA

N=40N=40

5%5%

HORIZONSHORIZONS--AMI nonAMI non--culpritculprit


