
athologic and angioscopic studies have demonstrated
that plaque rupture into the vessel lumen may lead
to the formation of thrombus and acute coronary

syndrome (ACS).1,2 Evaluation of the tissue characteristics
of coronary plaque is important to understand the process of
ACS and prevent it, because the stability of atherosclerotic
plaque is related to histological composition. Accurate in
vivo identification of the tissue characteristics of coronary
plaque may allow the identification of vulnerable plaques
before the development of ACS.

Intravascular ultrasound (IVUS) provides a comprehen-
sive assessment of atherosclerotic plaques in vivo,3 many
techniques for tissue characterization of plaque composition
have been developed.4–6 We reported that ultrasound inte-
grated backscatter (IB) values reflect the tissue characteris-

tics of human coronary arterial plaques,7–9 and it has also
been reported that IVUS Virtual Histology (VH), using
autoregressive analysis of radiofrequency (RF) signals,
allows plaque characterization of coronary arteries.10,11 Be-
cause these 2 systems use different algorithms, it is possible
that there may be differences in their ability to identify the
tissue characteristics of coronary plaque, so the purpose of
the present study was to compare the overall agreement be-
tween IVUS images and histology in the tissue characteri-
zation of plaques from the same coronary arterial cross-
section and to evaluate the advantages and limitations of
each of these modalities, using histological images as the
gold standard.

Methods
Specimens

We examined 392 cross-sections of 46 diseased coronary
arteries from 25 cadavers (18 had symptomatic cardiovas-
cular disease (72%)). The coronary arteries were dissected
within 24 h of death and immediately fixed with 10%
buffered formalin solution and stored for more than 24h.
The experimental protocol was approved by the institution-
al ethics committee and in all cases informed consent was
given by the relatives of the patients for the ex vivo study.
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Background Integrated backscatter (IB) intravascular ultrasound (IVUS) and IVUS Virtual Histology (VH)
have been developed for tissue characterization, but have never been compared directly. The purpose of this study
was to compare the overall agreement between IB-IVUS and IVUS-VH in the tissue characterization of plaques
from the same coronary arterial cross-section.
Methods and Results Images were acquired from 46 coronary arteries from 25 cadavers. Of a total of 392 his-
tology/IVUS image pairs, 152 pairs were diagnosed as Stary’s type III, IV, Va, Vb and Vc, and compared for IB-
IVUS, IVUS-VH and histology. In the qualitative comparison, the overall agreement between histological and
IB-IVUS diagnoses was higher (κ=0.81, 95%confidence interval (CI): 0.74–0.89) than that of the IVUS-VH
diagnoses (κ=0.66, 95%CI: 0.56–0.75). The % fibrosis area determined by IB-IVUS was significantly correlated
with the relative area of fibrosis based on histology (r=0.67, p<0.001). In the quantitative comparison, the overall
agreement between the histological and IB-IVUS diagnoses was higher (κ=0.83, 95%CI: 0.75–0.91) than that of
the IVUS-VH diagnoses (κ=0.73, 95%CI: 0.63–0.83).
Conclusion Based on histology as the gold standard, IB-IVUS provided higher diagnostic accuracy than IVUS-
VH for tissue characterization of coronary plaques.
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IB-IVUS Data Acquisition
To obtain IB-IVUS images, the system (IB-IVUS, YD

Co, Ltd, Nara, Japan) was connected to an imaging system
(Clear View, Boston Scientific, Natick, MA, USA) with RF
output, signal trigger output and video image output to ob-
tain the RF signal. Ultrasound backscattered signals were
acquired using a 40-MHz mechanically-rotating IVUS
catheter (Atlantis, Boston Scientific), digitized and subjected
to spectral analysis. The IB values for each tissue compo-
nent were expressed in decibels (dB) and calculated using a
fast-Fourier transform of the frequency component of the
backscattered signal from a small volume of tissue. Conven-
tional IVUS images and IB-IVUS color-coded maps were
displayed side-by-side on a monitor. We excluded the ves-
sel lumen and area outside of the internal elastic membrane
from the IB-IVUS color-coded maps by tracing the vessel
lumen and internal elastic membrane on the conventional
IVUS images. In the IB-IVUS images, color-coded maps
have 4 major components: fibrous (green), dense fibrosis
(yellow), lipid pool (blue), and calcification (red). These
technical settings were described in a previous report.12

Correlation Between IB-IVUS and Histology Images
After formalin fixation, the arterial segments were sub-

jected to IVUS imaging in phosphate-buffered saline at a

temperature of 37°C. IVUS imaging was performed within
48h of death. Several studies have documented that forma-
lin fixation does not significantly affect the quantitative
echo character of plaque tissue from human aortic walls.13,14

In addition, we previously confirmed that the IB values of
arteries with a constant pressure before fixation were similar
to those of non-pressured arteries after fixation at the same
site in a comparison of 50 cross-sections of 10 coronary
arteries obtained at autopsy from 5 cadavers.12 In that study,
the Bland-Altman plot showed that the differences between
the IB values of pressured arteries before fixation and non-
pressured arteries after fixation were within 2 standard de-
viations of the mean difference; there was also an excellent
correlation between the 2 methods (r=0.99, p<0.001). Ultra-
sound backscatter power was proportional to the difference
of acoustic characteristic impedance that was determined
by the density of tissue multiplied by the speed of sound.
There seems to be no significant influence of formalin fixa-
tion on acoustic characteristic impedance, whereas formalin
fixation decreases the distensibility significantly in non-
calcified arteries.15

IVUS-VH Image Acquisition and Comparison With 
IB-IVUS Images

IVUS-VH (Virtual Histology Version 1.4, Volcano Corp,

Fig 1. Corresponding cross-sections of each intra-
vascular ultrasound (IVUS) image and its histology
(broken line indicates the track of a surgical needle).
Bar=1mm. (A) Conventional IVUS image containing a
surgical needle (arrow) that was acquired using a 40-
MHz mechanical rotating catheter. Arrowhead, rever-
beration phenomenon of the surgical needle. (B) Inte-
grated backscatter-IVUS image. (C) Conventional IVUS
image containing a surgical needle (arrow) that was
acquired using a 20MHz phased-array catheter. Arrow-
head=reverberation phenomenon of the surgical needle.
(D) IVUS-Virtual Histology image. (E) Histological
image. We identified the histological cross-section in
which this specimen was torn at the site of the surgical
needle as the cross-section corresponding to IVUS
imaging.
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San Diego, CA, USA) images were acquired by an IVUS-
VH console with a 20-MHz phased-array catheter and
stored on CD-ROM for offline analysis. To clarify the rota-
tional and cross-sectional position of the included segment,
multiple surgical needles were carefully inserted into the
coronary arteries before IB-IVUS and IVUS-VH imaging
to serve as reference points for comparison of the 2
imaging modalities (Fig1). This method was successfully
used in previous comparative studies of histology and IVUS
images.10,12,16 Next, the catheter was advanced into the
coronary arteries and pulled back at 0.5mm/s by activating
an auto-pullback device. The ECG-triggered acquisition
system for the IVUS-VH images was disabled and a time-
dependent (1 image/s) trigger was added to obtain the
IVUS-VH images. IB-IVUS images were also acquired at
an interval of 1 /s using the auto-pullback device. Cross-
sectional images from sites containing surgical needles and
from sites within 1mm of the needles were obtained to
ensure that IB-IVUS and IVUS-VH images were compared
at exactly the same site. After the images were acquired,
the sites were sutured with suture material attached to the
needles to serve as a reference point when comparing the
IVUS images with histology. Tissue maps of IVUS-VH
have 4 major components: fibrous (green), fibro-fatty (light-
green), necrotic core (red), and dense calcification (white).

Histological Analysis
Ring-like sections of arteries obtained at the same level

as the imaging study were decalcified for 5h, embedded 
in paraffin and cut perpendicular to the longitudinal axis 
of the artery into 2-μm sections. These were stained with
hematoxylin-eosin, elastica van Gieson and Masson’s tri-
chrome. Of a total of 392 histology/IVUS image pairs, 152
pairs that were diagnosed as Stary’s type III, IV, Va, Vb and
Vc according to consensus of 2 pathologists who were
unaware of the IVUS images, were randomly selected.17

The longitudinal thickness of the ultrasound beam of the
IVUS catheter (Atlantis, Boston Scientific) was more than
200μm, whereas the thickness of the histological cross-
sections was 2μm. Therefore, we evaluated multiple histo-
logical cross-sections to obtain a histological diagnosis.
The cross-sections in which the histological diagnosis was
different within 200μm were excluded from the compari-
son (2 cross-sections). As described in the American Heart
Association (AHA) classification17 and modified AHA
classification,18 type III was defined as a pathological intimal
thickening with a poorly formed fibrous cap, but without a
necrotic core. Typically, such lesions show incompletely
coalesced extracellular lipid. Type IV was defined as an
atheroma with a well-formed fibrous cap overlying a con-
fluent lipid core. Type V was defined as a lesion in which
prominent new fibrous connective tissue had formed. When
the new tissue was part of a lesion with a lipid core (type
IV), this morphology was referred to as type Va lesion. A
type V lesion in which the lipid core and other parts of the
lesion were calcified was referred to as type Vb. When type
V lesions show marked fibrosis and little lipid, they were
referred to as type Vc. For quantitative comparison, coro-
nary arterial cross-sections were also classified into 3 cate-
gories: fibrocalcific, fibrous and lipid-rich by the consensus
of 2 pathologists who were unaware of the IVUS images

IVUS Image Classification
We performed “qualitative”, “direct qualitative”, “quanti-

tative” and “direct quantitative” comparisons between IB-

IVUS and IVUS-VH images. In the “qualitative” compari-
son, 150 IB-IVUS and IVUS-VH images were classified
into Stary’s type III, IV, Va, Vb or Vc by the consensus of 
2 IVUS readers who were unaware of the histological 
diagnoses. We performed a “direct qualitative” comparison
by setting small (0.3×0.3mm) regions-of-interest (ROIs) on
the same sites in both the histological and IVUS images.
Histological classification in the direct qualitative compari-
son was performed as per the previous reports.7,12,19 We then
performed the “quantitative” comparison using the follow-
ing definition. The 150 cross-sections were diagnosed as
fibrocalcific, fibrous or lipid-rich by 2 IVUS readers who
were unaware of the histological diagnoses. In the IB-IVUS
images, the lesions that included calcification (red) and
occupied >1% of the entire cross-section were diagnosed as
fibrocalcific, regardless of the %lipid pool area, because we
could recognize a calcified mass in the corresponding his-
tological images when the red area was >1%. The lesions
that included lipid pool (blue) and occupied >30%, and cal-
cification (red) that occupied ≤1% of the entire cross-section
and include a mass of lipid core were diagnosed as lipid-
rich by IB-IVUS. Otherwise, the lesions were diagnosed as
fibrous by IB-IVUS. In the IVUS-VH images, the lesions
that included dense calcification (white) that occupied >5%
of the entire cross-section were diagnosed as fibrocalcific,
regardless of the %necrotic core area, because we could
recognize a calcified mass in the corresponding histological
images when the white area was >5%. The lesions that in-
cluded a necrotic core (red) that occupied >10%, and dense
calcification (white) that occupied ≤5% of the entire cross-
section and included a mass of lipid core were diagnosed as
lipid-rich, because the percentage of necrotic core (y) indi-
cated by IVUS-VH was approximately one-third of the lipid
pool (x) indicated by IB-IVUS (y=0.34x, r=0.91, p<0.001)
at the same cross-section. Otherwise, the lesions were diag-
nosed as fibrous by IVUS-VH. This definition was deter-
mined using the remaining 240 of the 392 cross-sections.

Furthermore, we performed a “direct quantitative” com-
parison. Of the 150 histology/IVUS image pairs, we ran-
domly selected 49 pairs in which the histological specimens
were clearly stained with Masson’s trichrome with sufficient
resolution for quantification. These images were digitized
and the areas that were stained blue were automatically
selected by a multipurpose image processor (LUZEX F,
Nireco Co, Tokyo, Japan). The relative fibrous area (fibrous
area/plaque area) was then automatically calculated by the
LUZEX F system. We were not able to quantitatively com-
pare the lipid area and necrotic core area because the lipid
area and/or necrotic core were partly corrupted and/or
melted by the formalin fixation and microtome cuts neces-
sary to the procedure. Of a total of 49 pairs, we selected 
45 histology/IVUS image pairs for use in the “direct qualita-
tive” comparison. In these 45 pairs, the shape of the cross-
sections was not deformed by the process of formalin fixa-
tion, paraffin embedding and microtome cutting. When there
were 2 diagnoses in the ROI, the diagnosis that occupied
more than half of the area was selected. When there were
more than 3 diagnoses in the ROI, the ROI was excluded
from the comparison. A total of 141 ROIs were compared.
When there was a small gap between the location of the
ROIs placed on the IVUS images and histological images,
referring to the vascular lumen and outside border, we
adjusted the location of the ROIs.
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Reproducibility and Reliability of Data
We previously determined the inter-catheter variability

of the cross-sectional areas in 18 recordings that were mea-
sured by 1 observer using 5 randomly selected IB-IVUS
catheters.12 The inter-catheter variability of the lipid pool
cross-sectional area and fibrous cross-sectional area was
6.1±6.9% and 4.1±3.2%, respectively. Likewise, we deter-
mined the intra-catheter variability of the cross-sectional
areas in 18 images that were measured 3 times by 1 observer
using 1 catheter selected at random. The intra-catheter varia-
bility of the lipid pool cross-sectional area and fibrous

cross-sectional area was 2.6±1.7% and 0.73±0.38%, respec-
tively. The interobserver agreement using IB-IVUS for
characterization of plaque type was excellent (κ=0.84). 
A previous study reported that the limits of agreement for
calcium, fibrous, fibrolipidic and necrotic core cross-sec-
tional areas using IVUS-VH were 0.22, –0.25mm2; 1.02,
–0.71mm2; 0.61, –0.65mm2; and 0.43, –0.38mm2, respec-
tively.20

Statistical Analysis
The degree of agreement between the histological and

Table 1 Qualitative and Quantitative Comparison of the IVUS and Histological Diagnoses

Histological diagnosis

III IV Va Vb Vc LR FI FC Total

Qualitative comparison
    IB-IVUS diagnosis
        III (Preatheroma) 20   0   0   0   0   20
        IV (Atheroma)   7 14   0   0   0   21
        Va (Fibroatheroma)   0   0 21   8   4   33
        Vb (Calcific lesion)   0   0   0 49   0   49
        Vc (Fibrotic lesion)   0   0   0   0 15   15
        Total 27 14 21 57 19 138
        Cohen’s κ=0.81 (95%CI: 0.74–0.89)
    IVUS-VH diagnosis
        III (Preatheroma) 14   0   0   0   0   14
        IV (Atheroma) 11 12   0   0   0   23
        Va (Fibroatheroma)   0   0 14   6   7   27
        Vb (Calcific lesion)   0   1   1 50   3   55
        Vc (Fibrotic lesion)   0   0   4   1   9   14
        Total 25 13 19 57 19 133
        Cohen’s κ=0.66 (95%CI: 0.56–0.75)
Quantitative comparison
    IB-IVUS diagnosis
        LR 60   8   4   72
        FI   1 15   0   16
        FC   1   0 49   50
        Total 62 23 53 138
        Cohen’s κ=0.83 (95%CI: 0.75–0.91)
    IVUS-VH diagnosis
        LR 52   7   5   64
        FI   4 12   1   17
        FC   2   3 47   52
        Total 58 22 53 133
        Cohen’s κ=0.73 (95%CI: 0.63–0.83)

IVUS, intravascular ultrasound; LR, lipid-rich; FI, fibrous; FC, fibrocalcific; IB, integrated backscatter; CI, confidence interval; 
VH, virtual histology.

Table 2 Direct Qualitative Comparison of the IVUS and Histological Diagnoses

Histological diagnosis

CL DF FI LP DC FI FF NC Total

IB-IVUS diagnosis
    CL 14 0   0   0   14
    DF   2 3   0   0     5
    FI   3 0 53   2   58
    LP  2 0   8 54   64
    Total 21 3 61 56 141
    Cohen’s κ=0.81 (95%CI: 0.72–0.89)
IVUS-VH diagnosis
    DC 20   4   0   2   26
    FI   1 25 11 16   53
    FF   0   3 13   5   21
    NC   0 28   1 12   41
    Total 21 60 25 35 141
    Cohen’s κ=0.30 (95%CI: 0.14–0.41)

CL, calcification; DF, dense FI; LP, lipid pool; DC, dense CL; FF, fibro-fatty; NC, necrotic core. Other abbreviations see in Table 1.
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IB-IVUS classifications, and the histological and IVUS-VH
classifications was quantified by Cohen’sκtest for concor-
dance.21 Aκvalue of 0.61–0.80 indicates good agreement,
and 0.81–1.0 indicates excellent agreement.22 The correla-
tions between the relative fibrous area based on histology
and the relative fibrous area based on IVUS were deter-
mined by linear regression analysis.

Results
Diagnostic Accuracy for Classifying Arterial Plaque

A total of 150 cross-sections were diagnosed as Stary’s
type III, IV, Va, Vb and Vc by 2 IVUS readers who were
unaware of the histological diagnoses. The 2 readers made
identical diagnoses in 138 cross-sections by IB-IVUS and in
133 cross-sections by IVUS-VH. The interobserver agree-
ment of IB-IVUS and IVUS-VH for tissue characterization
of plaque type was excellent (Cohen’sκ=0.90 and 0.85, re-
spectively). Only the cross-sections in which the diagnoses
were identical between 2 readers were used for comparison
with histology, because we usually achieve a consensus of
tissue characteristics from IB-IVUS or IVUS-VH images by
more than 2 readers in the catheter laboratory in the clinical
setting.

IB-IVUS and IVUS-VH Images Compared With Histology
In the qualitative comparison, the overall agreement be-

tween the histological and IB-IVUS diagnoses was higher
(Cohen’sκ=0.81, 95%confidence interval (CI): 0.74–0.89)
than between the histological and IVUS-VH diagnoses
(Cohen’sκ=0.66, 95%CI: 0.56–0.75) (Table1). In the quan-
titative comparison, the overall agreement between the
histological and IB-IVUS diagnoses was higher (Cohen’s
κ=0.83, 95%CI: 0.75–0.91) than between the histological
and IVUS-VH diagnoses (Cohen’sκ=0.73, 95%CI: 0.63–
0.83) (Table1).

In the direct qualitative comparison, the overall agree-
ment between the histological and IB-IVUS diagnoses was
higher (Cohen’sκ=0.81, 95%CI: 0.72–0.89) than between
the histological and IVUS-VH diagnoses (Cohen’sκ=0.30,
95%CI: 0.14–0.41) (Table2). Representative IB-IVUS and
IVUS-VH images are shown in Figs2 and 3. Although the
location of each tissue component depicted by IVUS-VH
did not always accurately reflect the histological location, as
shown in Figs2 and 3, the overall agreement of IVUS-VH in
the “quantitative” comparison (0.73) was better than that in
the “qualitative” comparison (0.66), whereas the IB-IVUS
values were similar (0.83 and 0.81).

In the direct quantitative comparison, the % fibrosis area
determined by IB-IVUS significantly correlated with the re-

Fig2. Representative lesion composed of a large lipid
core with a thin fibrous cap. (Left) Histological image
(Masson’s trichrome staining). *Lipid pool. (Middle)
Corresponding color-coded maps constructed by the
integrated backscatter intravascular ultrasound system.
(Right) Corresponding Virtual Histology intravascular
ultrasound images.
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lative area of fibrosis based on histology (r=0.67, p<0.001),
whereas the % fibrous area and % fibrous area+% fibro-
fatty area determined by IVUS-VH did not correlate with
the relative area of fibrosis based on histology (Figs4,5).

Discussion
Diagnostic Accuracy of Tissue Characterization

There are a variety of catheter-based invasive methods
of characterizing coronary plaque,5–7 and of these optical
coherence tomography (OCT) is a reliable and reproduci-
ble imaging modality for tissue characterization.23 Athero-
sclerotic plaques can be discriminated ex vivo with a high
degree of sensitivity (90–94%) and specificity (90–92%).24

OCT imaging gives clear cross-sectional imaging in vivo,
although it requires the removal of blood from the coronary
arteries in the field of view to obtain high-quality images
and the limited penetration depth precludes comprehensive
evaluation of the entire vessel.25 Recent IVUS studies char-
acterized the tissue components of coronary plaque using
an autoregressive classification scheme rather than depend-
ing on the classic Fourier method.11,19 The analysis in those
studies accounted for parameters such as the frequencies at
maximum and minimum power and the slope of the regres-

sion line of ultrasound backscattered signals. The autore-
gressive tree classified fibrous, fibro-fatty, necrotic core and
dense calcium with a high predictive accuracy of 87%, 87%,
88% and 97%, respectively. The analysis using IB values
classified fibrous, lipid-rich, and fibrocalcific plaque com-
ponents with a high predictive accuracy of 93%, 90% and
96%, respectively.12 These values obtained using IB-IVUS
were similar to those determined using the auto-regressive
classification scheme. However, the present study demon-
strated that the IB-IVUS system provides higher diagnostic
accuracy than IVUS-VH for analysis of tissue character-
istics of coronary plaque in a direct comparison using the
same histological cross-sections.

Discrepancy Between IB-IVUS Findings and Histology
In the present study, a false-positive diagnosis by IB-

IVUS of a lipid-rich lesion often contained histological
evidence of much smaller lipid accumulation within a pre-
dominantly fibrous lesion. Lesions that included many
small areas of lipid accumulation mixed with fibrosis were
diagnosed as fibrous by histology, but were identified as
lipid pool by IB-IVUS, which reduced its sensitivity for
diagnosing fibrous lesions. The sites in which IB-IVUS in-
dicated that fibrosis was diffusely intermingled with lipid

Fig3. Representative lesion composed of a lipid core
without a thin fibrous cap. (Left) Histological image
(Masson’s trichrome staining). *Lipid pool. (Middle)
Corresponding color-coded maps constructed by the
integrated backscatter intravascular ultrasound system.
(Right) Corresponding Virtual Histology (VH) intravas-
cular ultrasound (IVUS) images. IVUS-VH overesti-
mated the necrotic core, which was located particularly
close to the vessel lumen.
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Fig4. Representative lesion used in the direct comparison study. (A) Histological images stained with Masson’s tri-
chrome. Bar=1mm. (B) Images after quantification by the image processor. Areas stained blue by Masson’s trichrome
staining were automatically selected (green area) by the multipurpose image processor (LUZEX F) and the relative
fibrous area (fibrous area/plaque area) was automatically calculated by the system. (C) Integrated backscatter-intravascu-
lar ultrasound (IVUS) images corresponding to sections analyzed by histology. (D) IVUS-Virtual Histology images cor-
responding to sections analyzed by histology. Percentages indicate the relative fibrous areas determined by each method.
A “direct qualitative” comparison was performed by setting small (0.3×0.3mm) regions-of-interest on the same sites in
both the histological and IVUS images (Lower).
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pool were diagnosed as lipid pool by histology. These subtle
differences decreased the diagnostic accuracy of IB-IVUS.

It is reported that inflammatory cells occur in 46% of
fibrous caps and in 32% of the shoulder of fibrous caps.26 In
the present study, the IB values of fibrosis, which is abun-
dant in inflammatory cells and fibroblasts, tended to be simi-
lar to the IB values of lipid pool. Therefore, a false-negative
diagnosis for fibrosis was made using the IB-IVUS images.
In addition, very dense fibrous lesions may produce suffi-
cient reflectivity and attenuation or acoustic shadowing to
be misclassified as calcified.27

In the present study, IB-IVUS occasionally underesti-
mated calcified lesions and overestimated lipid pool behind
calcification because of the acoustic shadow derived from
calcification. Acoustic shadow caused by calcification
hindered precise determination of the tissue characteristics
of coronary plaque; however, there were many cases in
which lesions that were classified as lipid pool by IB-IVUS
because of the acoustic shadow behind calcification actual-
ly included a lipid core as analyzed by histology (n=16/21,
76%). Our result was concordant with previous results
demonstrating that necrotic core and fibrofatty components
are located behind calcification (83–89%).28 Because calcifi-
cation usually originates in lesions with lipid accumulation,
the diagnosis of lipid pool by IB-IVUS in lesions behind
calcification was usually accurate.

Discrepancy Between IVUS-VH Findings and Histology
In the present study, IVUS-VH overestimated the pres-

ence of necrotic core, which was located particularly close
to the vessel lumen. This may have resulted in an overesti-
mation of thin-cap fibroatheroma, as defined in a previous
report29 (Fig3). The lesions diagnosed as lipid pool by IB-
IVUS tended to show a marbled pattern in IVUS-VH, in
which fibro-fatty (light-green) was intermingled with fibrous
(green) (Fig 4). This may have resulted in an underesti-
mation of fibro-fatty lesions, so that type Va lesions were
misdiagnosed as type Vc lesions by IVUS-VH. A recent in
vivo study using a porcine model reported that IVUS-VH
was not accurate in detecting the area of each specific com-
ponent within the corresponding histological specimen.30 In
the present study, neither the sensitivity nor the specificity
of IVUS-VH in detecting different tissue types was as
robust as validated in previous ex vivo studies. In our direct
qualitative comparison, the overall agreement between the
histological and IVUS-VH diagnoses was not as high 
(κ=0.30) as in the quantitative comparison (κ=0.73). Par-
ticularly, misdiagnoses of necrotic core and fibrosis were
remarkable with regard to the precise location of each
tissue component. Our results in the direct comparison
study showed a tendency for the % fibrosis determined by
IVUS-VH to decrease with an increase in the relative area
of fibrosis based on histology. This tendency is consistent
with previously-reported results.30 In contrast, good in-vivo
diagnostic accuracy of IVUS-VH compared with histology
has been reported, using tissue samples obtained by direc-
tional coronary atherectomy (DCA).24 The reason for the
discrepancy in diagnostic accuracy for tissue characteriza-
tion may be explained as follows. In the previous study, the
comparison between IVUS-VH and histology was per-
formed using only 1 part of the coronary specimen, whereas
we compared the entire cross-section. Another reason
might be that comparing tissue samples obtained by DCA
is complicated, because it is hard to find the corresponding
cross-section in the longitudinally compressed specimen

extracted from a nose cone. However, the present study
does not demonstrate that IVUS-VH is not useful for tissue
characterization of coronary plaque.

Study Limitations
There were a few limitations of the ultrasound method.

First, the angle dependence of the ultrasound signal makes
tissue characterization unstable when lesions are not perpen-
dicular to the axis. Picano et al reported that angular scatter-
ing behavior is large in calcified and fibrous tissues, whereas
it is slight to nonexistent in normal and fatty plaques.31 Ac-
cording to this report, although there was no crossover of
the IB values between fibrous and fibrofatty within an angle
span of 10°, or between fibrous and fatty within an angle
span of 14°, this angle-dependency of the ultrasound signal
might be partially responsible for the variation of IB values
obtained for each tissue component. There is a report32 that
demonstrated the degree of angle-dependence of 30-MHz
ultrasound in detail: the angle-dependence in the arterial in-
tima and media was 1.11dB/10°. Because we used a 40-MHz
catheter, the angle dependence in the arterial tissue would
be increased and may decrease the diagnostic accuracy for
differentiating the tissue components.

Second, calcification is a perfect reflector of ultrasound,
causing the acoustic shadowing so typical in IVUS images.
The ultrasound signals cannot penetrate, or pass through,
the calcified layer and are reflected back towards the trans-
ducer.27 Therefore, accurate tissue characterization of the
areas behind calcification is not possible, as with conven-
tional IVUS. Likewise, IB-IVUS can not diagnose the tissue
behind stents, because they are nearly perfect reflectors,
causing acoustic shadowing of the ultrasound signal. This
may also decrease the diagnostic accuracy for differentiat-
ing the tissue components. Third, a guidewire was not used
in the process of imaging because the present studies were
performed ex vivo. Imaging artifacts in vivo because of the
guidewire may decrease the diagnostic accuracy. However,
removal of the guidewire during imaging after completing
the intervention procedure and/or excluding the area behind
calcification from the analysis may be necessary in the clini-
cal setting to eliminate this problem. Finally, detecting
thrombus from a single IVUS cross-section was not pos-
sible because it is usual to look at multiple IVUS images
over time for speckling, scintillation, motion and blood
flow in the “microchannel”.27 The analysis of IB values in
multiple cross-sections over time is required for the detec-
tion of thrombus.

Conclusions
We compared the diagnostic accuracy of IB-IVUS with

IVUS-VH for tissue characterization of coronary arterial
plaque using the same cross-sections and based on histology
as the gold standard, IB-IVUS had higher diagnostic accu-
racy than IVUS-VH.
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