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Abstract Objectives (i) To explore the relation

between greyscale intravascular ultrasound (IVUS)

plaque qualitative classification and IVUS radiofre-

quency data (RFD) analysis tissue types; (ii) to

evaluate if plaque composition as assessed by RFD

analysis can be predicted by visual assessment of

greyscale IVUS images. Methods In 120 IVUS-RFD

cross-sections, a sector of the plaque with homoge-

nous tissue composition (e.g., fibrous, fibrofatty,

necrotic core, and dense calcium) was selected.

Two experienced observers analyzed twice the cor-

responding greyscale IVUS images to: (1) classify the

selected sectors according to greyscale IVUS plaque

type classification and (2) predict the tissue type

expected in the sector by RFD analysis. Results In the

greyscale IVUS plaque type classification, the

observers agreed in 90/120 sectors (j = 0.64).

Calcified, soft and mixed plaques by greyscale IVUS

classification were mainly composed of dense

calcium, fibrofatty, and necrotic core, respectively,

in the RFD analysis. The plaques classified in

greyscale IVUS as fibrous were actually fibrous tissue

by IVUS RFD in only 30% of the cases. Overall, high

interobserver variability in the prediction of RFD

results by visual assessment of greyscale IVUS images

(j = 0.23 for observer 1 and 0.55 for observer 2) was

found. Sensitivities for detection of calcified tissue and

NC by greyscale IVUS visual assessment were 88%

and 58%, respectively. Conclusions High interobserver

variability in the prediction of tissue type by visual

assessment of greyscale IVUS images was observed.

This underlines the need of quantitative methods for

the analysis of the ultrasound characteristics of

coronary plaque components.
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Abbreviations

CSS Cross sections

IVUS Intravascular ultrasound

NC Necrotic core

RFD Radiofrequency data

Introduction

Greyscale coronary intravascular ultrasound (IVUS) is

a useful technique for the evaluation of the extent and

distribution of coronary atherosclerotic plaques [1] but

it has a lot of limitations for the identification of its
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tissue composition [2, 3]. Soft (echolucent) plaques

have been related either to high lipid content [4–8] or

presence of smooth muscle cells [9]. While fibrous

plaques usually have an intermediate echogenicity, but

sometimes very dense fibrous plaques can also appear

as calcified lesions [10]. Traditionally, acoustic shad-

owing has been considered as a sign of calcification,

but necrotic tissue can also cause shadowing [9]. These

limitations of the greyscale IVUS visual plaque

assessment have lead to the development of quantita-

tive techniques for analysis of the ultrasound

characteristics of plaque components such as the

automated echogenicity analysis of IVUS images [9]

or the spectral analysis of IVUS radiofrequency data

(RFD). This last technology allows the identification

of four tissue types [11, 12] and it has been validated

with histopathology ex vivo and in vivo showing high

predictive accuracies [13, 14]. Due to its high accuracy

and bearing in mind that it can only be a surrogate of

pathology, we have used RFD analysis for tissue

identification in the present study.

So far, to our knowledge, there are no studies

comparing the relation between tissue composition by

RFD analysis and greyscale IVUS visual assessment.

The objective, of this study was two-fold: (i) to explore

the relation between the greyscale IVUS plaque

qualitative classification and the IVUS RFD analysis

tissue types; (ii) to evaluate if the plaque composition

as assessed by RFD analysis can be predicted by visual

assessment of greyscale IVUS images.

Methods

Study population

Patients older than 18 years admitted to our hospital

for cardiac catheterization due to stable angina or an

acute coronary syndrome in whom IVUS with RFD

acquisition was performed in a non-treated vessel

were included. Informed written consent was signed

by all the patients.

IVUS imaging protocol

For IVUS acquisition the Eagle Eye 20 MHz catheter

(Volcano Corporation, Rancho Cordova, USA) and a

dedicated console were used. The IVUS examination

was performed using an automatic continuous speed

pullback at a rate of 0.5 mm/s. The image data was

stored on DVD for off-line analysis.

RFD acquisition and analysis

Both greyscale and RFD were acquired during the

same pullback. The IVUS RFD acquisition was gated

to the peak R-wave. The processing of the RFD was

performed with pcVH software, version 2.1, which

allows a semi-automatic contour detection of the

lumen and media-adventitia border. The borders were

corrected manually for all cross sections. The spectral

analysis of IVUS RFD classifies tissue components of

the atherosclerotic plaque in four types and overlays a

colour coded map [14]: fibrous tissue as detected by

RFD (dark green) corresponds in pathology to

densely packed bundles of collagen fibers with no

evidence of intra-fiber lipid accumulation and with-

out macrophage infiltration. Fibrofatty tissue by RFD

(green light) identifies loosely packed bundles of

collagen fibers and cells with high lipid content,

without cholesterols clefts or necrosis areas. Necrotic

core (NC) as detected by RFD (red) corresponds to

lipid areas containing remnants of foam cells and

dead lymphocytes, cholesterol clefts and microcalci-

fications. Dense calcium by RFD analysis (white)

identifies focal areas of calcification in pathology.

Selection and analysis of the areas of interest

(Fig. 1)

Twenty-seven IVUS RFD pullbacks in non-stented

vessels were included in this study. By evaluation of

the IVUS RFD images, one independent analyst, (who

did not participate in the final analysis), selected cross

sections (CSS) that contained plaque areas with a

homogeneous tissue composition of one of the four

tissue types defined by RFD analysis (Fig. 1). An area

was considered homogeneous when one tissue type

represented more than 60% of its composition. These

homogeneous areas were delimited inside a sector

using dedicated in house developed software that

allows selective analysis and quantification of the

geometrical and compositional parameters (MAT-

LAB MathWorks, Natick, MA). The angle of the

sector, defined from the centre of gravity of the lumen,

was variable depending on the size of the homogenous

area. Eventually, 30 sectors for each type of tissue

based on the RFD analysis were selected (Fig. 2). The
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corresponding 120 sectors in the greyscale IVUS

images were categorized twice by two independent

highly experienced observers. They were blinded for

the observations of the other analyst and for the RFD

processing results. For the first analysis, they catego-

rized the plaque type in each sector, according to the

greyscale IVUS plaque classification recommended in

the IVUS Consensus Document of the American

College of Cardiology: (1) soft plaque (lesion echog-

enicity less than the surrounding adventitia), (2)

fibrous plaque [intermediate echogenicity between

soft (echolucent) atheromas and highly echogenic

calcified plaques], (3) calcified plaque (echogenicity

higher than the adventitia with acoustic shadowing),

and (4) mixed plaques (when they contain more than

one acoustical subtype) [10]. One week later they

analyzed again the greyscale IVUS sectors to guess

the predominant tissue type (fibrous, fibrofatty, NC or

dense calcium) expected in the RFD analysis of these

greyscale images. They could only provide one tissue

type per sector.

Statistical analysis

Data are expressed as percentages for categorical

variables. Agreement between observers was mea-

sured by calculating the j-value that takes into

account the proportion of agreements occurring by

chance. A negative value of j indicate a worse than

chance agreement, a value of zero indicates agree-

ment no better than chance, and a value of 1 indicates

perfect agreement [15]. Comparison of the IVUS

RFD analysis data and the observers’ classification

was made by calculating the sensitivity, specificity,

and global accuracy for each tissue type.

Results

The mean age of the population was 58 ± 12 years,

87% were males. Regarding the clinical presentation,

56% of the patients were admitted to the hospital due

to ST elevation myocardial infarction, 13% presented

with non-ST elevation myocardial infarction and 31%

with stable angina.

The interrogated vessel was the LAD in 44%, the

LCX in 19% and the RCA in 37% of the patients. In

the selected 120 CSS, the mean vessel and lumen

cross sectional areas were 18.4 ± 5.8 mm2 and

8.9 ± 3.5 mm2, respectively, with a plaque burden

of 51 ± 11%. The median angle of the analyzed

sectors was 51 degrees.

Greyscale IVUS classification

Observer 1 classified the sectors as fibrous in 12.5%,

calcified in 20%, soft in 55% and mixed in 12.5% of

the cases. Whereas observer 2, classified them as

fibrous in 21%, calcified in 23%, soft in 38% and

mixed in 18% of the cases. The two observers agreed
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Selectionofthe correspondingsectorsin IVUS GS
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IVUS GS plaque type classification

IVUS RFD tissuetype prediction

30 sectorspereachtissuetype
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Fig. 1 Flow-chart showing the areas of interest selection and

analysis. By evaluation of the IVUS (intravascular ultrasound)

radiofrequency data (RFD) images, one independent analyst

selected cross sections that contained plaque areas with a

homogeneous tissue composition of one of the four tissue types

identified by RFD analysis (A). These homogeneous areas were

delimited inside a sector (angle from the gravity center of the

lumen, indicated by the red lines in A). In total, 30 sectors for

each tissue type (fibrotic, fibrofatty, necrotic core, and dense

calcium) based on the RFD analysis were selected. The

corresponding sectors were identified in the greyscale (GS)

images (indicated by the red lines in B). Eventually 120 GS

sectors were analyzed by two observers
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on 90 out of 120 sectors (j = 0.64). The maximum

level of concordance was on the classification of the

calcified sectors, while the lower level of concor-

dance was observed in the fibrous sectors (Table 1).

Relation between greyscale IVUS plaque

classification and IVUS RFD analysis tissue types

Of the 90 sectors in which there was agreement

between the two observers, ten were classified as

fibrous, 23 as calcified, 46 as soft and 11 as mixed.

The ten fibrous sectors by greyscale (as classified by

two observers) were composed of fibrous tissue in

RFD analysis in only 3/10 (30%). The 23 calcified

were constituted by dense calcium in RFD analysis in

16/23 (70%) of the cases. The soft sectors were

composed more commonly of fibrofatty tissue in

29/46 (63%), and lastly the mixed sectors were

constituted mainly by NC core in 9/11 (82%)

(Table 2).

Prediction of the tissue type expected in RFD

analysis by qualitative assessment of greyscale

IVUS

When predicting the tissue type expected by RFD

analysis, observer 1 classified the 120 greyscale

sectors as follows: 37% fibrous, 25% dense calcium,

19% NC and 19% fibrofatty tissue; a total of 51

sectors were correctly classified when compared to

RFD analysis (j = 0.23). While observer 2 classified

them as fibrous in 22%, dense calcium in 22%, NC in

23%, and fibrofatty in 33% of the cases. A total of 82

sectors were correctly classified when compared with

RFD analysis (j = 0.55) (Table 3).

The two observers classified similarly 44/120

sectors, which was 36.7% of concordance

(j = 0.16). These 44 sectors were classified by both

analysts as fibrous in 15.8%, dense calcium in 45.5%,

NC in 27.3%, and fibrofatty in 11.4% of the cases.

Thirty out of these 44 sectors were correctly catego-

rized according to IVUS RFD (j = 0.53) (Table 3).

A high sensitivity for the detection of calcified tissue

by greyscale IVUS visual assessment was observed

(88%), while the sensitivity for the other three types

Fig. 2 Examples of the sectors chosen for each tissue type.

IVUS greyscale and the corresponding RFD analysis images

are shown. The red lines indicate the sector selected for the

analysis. (a) fibrous tissue, (b) fibrofatty tissue, (c) necrotic

core, and (d) dense calcium

Table 1 Agreement between the two observers in the IVUS

greyscale plaque type classification

Plaque

type

Observer 2

Fibrous Calcified Soft Mixed Total

Observer 1 Fibrous 10 2 0 3 15

Calcified 0 23 0 1 24

Soft 14 0 46 6 66

Mixed 1 3 0 11 15

Total 25 28 46 21 120

The number of cases in which there was agreement between

observers for each category is indicated in bold
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of tissue, (50%, 50%, and 58% for fibrous, fibrofatty,

and NC, respectively) was lower. The specificity of

the two observers was above 80% for all the tissues.

The global predictive accuracy was also above 80%

for fibrous, fibrofatty, and dense calcium, while for

the NC was 79% (Table 4).

Discussion

In the present study the main findings were: (1) For the

greyscale IVUS classification, the agreement between

observers was high (j = 0.64). (2) Calcified, soft and

mixed plaques by greyscale IVUS classification were

mainly composed of dense calcium, fibrofatty and NC

respectively in the RFD analysis. The plaques classi-

fied in greyscale IVUS as fibrous were actually fibrous

tissue by IVUS RFD in only 30% of the cases. (3)

Overall, high interobserver variability in the predic-

tion of RFD results by visual assessment of greyscale

images (j = 0.23 for observer 1 and 0.55 for observer

(2) was obtained. (4) Sensitivity for detection of

calcified tissue by greyscale IVUS visual assessment

was high while for NC was low.

Table 2 Tissue type in the radiofrequency data analysis in the sectors where there was agreement between the two observers in the

IVUS greyscale plaque type classification

Tissue type by RFD analysis

Fibrous Dense calcium Necrotic core Fibrofatty Total

Plaque type IVUS greyscale Fibrous 3 3 4 0 10

Calcified 0 16 7 0 23

Soft 16 0 1 29 46

Mixed 0 2 9 0 11

Total 19 21 21 29 90

Table 3 Agreement between the tissue type predicted by the observers by IVUS greyscale visual assessment and the results of the

IVUS radiofrequency data analysis

Tissue type by RFD analysis

Fibrous Dense calcium Necrotic core Fibrofatty Total

Tissue type predicted by the observer 1 Fibrous 13 0 4 27 44

Dense calcium 0 22 8 0 30

Necrotic core 1 7 14 1 23

Fibrofatty 16 1 4 2 23

Total 30 30 30 30 120

Tissue type predicted by the observer 2 Fibrous 16 0 8 2 26

Dense calcium 0 20 6 0 26

Necrotic core 2 10 16 0 28

Fibrofatty 12 0 0 28 40

Total 30 30 30 30 120

Tissue type predicted by the two observers Fibrous 4 0 2 1 7

Dense calcium 0 15 5 0 20

Necrotic core 0 2 10 0 12

Fibrofatty 4 0 0 1 5

Total 8 17 17 2 44

The number of cases in which the tissue type was correctly predicted by the observers is indicated in bold
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Greyscale IVUS variability for plaque type

identification

The interobserver variability in the plaque type

assessment by greyscale IVUS reported in the

literature varies considerably, with percentages of

concordance between observers ranging from 88% to

only 47% [16–18]. In the present study a good

agreement was found.

Specifically, the best agreement was in the clas-

sification of the calcified plaques (82%). This is in

line with the results of Palmer et al. [16], who

reported an interobserver concordance of 87% for this

type of plaques. This high level of agreement can be

explained because the IVUS features for calcification

(high echoreflectivity with acoustic shadowing and

reverberations) are well defined and easier to identify

in greyscale IVUS.

Greyscale IVUS plaque classification and IVUS

RFD analysis relationship

The sensitivity for the detection of fibrous and

fibrofatty tissue by greyscale IVUS visual assessment

was low (around 50%) in the present study. The

plaques classified as soft by the observers were

composed of fibrofatty tissue in 29/46 but 16/46 were

fibrous tissue by RFD analysis. This is in concor-

dance with histological examinations that showed

low sensitivity of greyscale IVUS compared with

pathology in discriminating fibrous and fatty tissue,

50% and 40%, respectively [19]. In another in-vitro

study that compared 104 matching intracoronary

ultrasound images and histological cross-sections, the

sensitivity to detect lipid deposits was only 46% [20].

These findings are of clinical relevance, because soft

plaques have been related to acute coronary syndromes

[18, 21] and in this study these happen to be constituted

mainly by fibrous and fibrofatty tissue and not by NC

which is the substrate of the ruptured plaques.

Prediction of the tissue type expected in RFD

analysis by qualitative assessment of greyscale

IVUS

The individual prediction of RFD results by visual

assessment of greyscale IVUS images was low and

the interobserver variability was high (the j value

ranged from 0.23 for observer 1 to 0.56 for observer

2). Collectively, when the two observers agreed on

IVUS RFD classification, they could predict the

results of the RFD analysis in 56% of the cases

(j = 0.53). However, the accuracy of the greyscale

IVUS visual assessment to predict the type of tissue

depends highly on the plaque type [22]. In our study,

the observers had the best sensitivity (88%) with 81%

specificity for the detection of dense calcium. Detec-

tion of calcium depends on the histological pattern,

but with the exception of multiple scattered micro-

calcification, greyscale IVUS analysis can be

considered highly specific and sensitive for the

detection of calcium in a plaque [3]. Indeed, other

postmortem studies have demonstrated 90% sensitiv-

ity and 100% specificity for the detection of dense

calcified plaques [16, 23]. Nevertheless, it is striking

that 30% of the plaques classified as calcified by the

two observers in our study were composed predom-

inantly of NC in the RFD analysis. This is a learning

point from this study: not all the greyscale IVUS

‘‘calcified-looking’’ plaques were dense calcium in

IVUS RFD, but roughly one out of three sectors was

NC. This misclassification may be due to the fact that

sometimes NC areas are hyperechogenic and can

cause some acoustic shadowing [9].

In our study, the sensitivity of the observers for the

detection of the NC was low (58%). This has also

been previously reported, the NC could not be

characterized by greyscale IVUS visual assessment

[13]. The possible explanation is the heterogeneous

pathological nature of the NC that translates into a

mixed appearance in greyscale IVUS. In fact, NC

Table 4 Sensitivity,

specificity and accuracy of

the observers to predict the

IVUS radiofrequency data

analysis tissue type by

IVUS greyscale visual

assessment

a Confidence interval

IVUS RFD

tissue type

Predictive

accuracy (%)

Sensitivity Specificity

% CIa % CI

Fibrous 84 50 17–82 91 76–97

Fibrofatty 88 50 2–97 90 76–96

NC 79 58 33–80 92 74–98

Dense calcium 84 88 62–97 81 61–92
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composition combines lipid necrotic areas, with foam

cells and dead lymphocytes, cholesterol clefts and

microcalcifications [14]. Indeed, when the NC was

the main component of the plaque, it was classified

by the two observers mainly as mixed plaque (43%)

in our study. This highlights the necessity of a more

specific tissue characterization by a dedicated imag-

ing technique such as IVUS RFD analysis.

Limitations

IVUS RFD analysis has demonstrated in ex vivo and

in vivo human coronary comparisons with histological

specimens, high predictive accuracies. Nevertheless, it

is only a surrogate of pathology for tissue identifica-

tion. The choosen criterion of 60% homogeneity by

RFD may have introduced an important bias in this

analysis, as plaques could be indeed rather heteroge-

neous. We acknowledge that further analysis with a

more strict (of different) criterion for homogeneity by

RFD may find different correlation and variability

between RFD and GS. It is clear that IVUS RFD

technology may offer better qualitative and quantita-

tive tissue characterization than GS IVUS, but its

definite role is yet to be determined.

Conclusions

High interobserver variability in the prediction of

tissue type by visual assessment of greyscale IVUS

images was observed. This underlines the need of

quantitative methods for the analysis of the ultra-

sound characteristics of plaque components.
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