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associated with an increased risk for sudden death, acute
myocardial infarction among other severe events [6]. Thin
Cap Fibroatheroma was classified as lesions containing
lipid pools close to the luminal wall and separated by a
thin fibrotic cap being associated with a higher rupture
risk [6].
Past works have proven a possible overestimation of
necrotic content in VH images, particularly when NC is
confluent to DC [7,8].
Once NC component has been associated to several
MACE’s and has an overestimation in VH IVUS, we
decided to study NC behavior in order to identify features
possible to use to underestimate misclassification necrotic
content in VH images.

Abstract
Background: The intravascular ultrasound (IVUS)
Virtual Histology (VH) classifies the atherosclerotic
plaque components, according to four classes – fibrous
(FT), fibrofatty (FF), dense calcium (DC), and necrotic
tissue (NC). Past works have proven a possible
overestimation of necrotic content in VH images,
particularly when NC is confluent to DC. Additionally,
NC has been used as a severity marker for atherosclerotic
plaque. Aiming to observe a possible correction rule for
overestimation problem, an experiment was designed.
Eight patients have been submitted to stent implantation
(PCI). VH examinations have been performed before
(PRE) and after (POS) PCI, totalizing more than 300
frames. NC content was divided into two classes: RW and
RP, which corresponds, respectively, to NC confluent to
DC and not confluent. Grayscale IVUS images were
processed to extract normalized intensity histograms
according to NC classification. Differences between
intensity distributions RW and RP necrotic tissue were
found, which may be useful to be considered to minimize
overestimation of necrosis in VH images. These
preliminary results encourage further investigation with
larger sample sizes for proposing correction-imaging
methods.

1.

Materials and methods

2.1.

Study protocol

The present study used data from a prospective essay
which included a group of 8 patients who underwent
successful single stent implantation (PCI) (<30% residual
stenosis with normal antegrade flow by angiography), for
which high quality VH-IVUS examination was obtained
at baseline (pre-PCI) and at the end of the procedure
(post-PCI). All lesions were treated with the same
stainless steel stent type (Apolo®, Cordynamic,
Barcelona, Spain [strut thickness 0.0045”]). Patients with
visible thrombus or intraluminal haziness at angiography,
acute myocardial infarction < 48 hours or unstable angina
with rest pain < 48 hours were excluded from analysis.
The local ethics committee approved the study
protocol and written informed consent was obtained from
every patient.

Introduction

The intravascular ultrasound (IVUS) Virtual Histology
(VH) classifies the atherosclerotic plaque components,
according to four classes – fibrous (FT), fibrofatty (FF),
dense calcium (DC), and necrotic tissue (NC) [1]. Several
studies have been using VH-IVUS as a reference method
for in-vivo plaque composition assessment [2-4].
In the last two decades, several efforts have been made
in order to identify markers and plaque features
associated to sudden death or major adverse coronary
events (MACE) [5]. Certain lesions were directly
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2.

2.2.

Materials

In this work, more than 300 VH frames have been used
in total. For every lesion, composition (VH-IVUS) and
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grey scale (GS-IVUS) images have been paired allowing
a frame-to-frame association between grey scale features
and composition information. Necrotic Core (NC) and
Dense Calcium (DC) binary masks have been extracted
from VH images as described in [9]. Additionally, NC
components were classified according to their
neighborhood: RW and RP, which corresponds,
respectively, to NC confluent to DC and not confluent.
Image processing tools have been developed in Java
[9], using Eclipse IDE and ImageJ (IJ) together. Image
processing methods utilized have been described in [8,9].
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2.3.

Methods

,

,
,

,
,

,

,

where
,

KL u, v

u i ln

u i
,
v i

Table 2. Mann-Whitney U Test (MW-UT) for
comparing RP and RW distributions for each patient,
according to PCI status: PRE and POS. For this test, the
significance level was 0.05 (alpha).
Patient
Label

Results

7
11
18
27
37
43
48
58

This work has used the same database assessed in [9].
In that paper, we concluded that VH overestimates NC
content, especially when there are DC components related
to necrotic content. The overestimated amount is possible
caused for a misclassification error, inherent to VH
classification algorithm. Based on MW-UT results shown
in Table 2, RW and RP distributions are different for
every patient, before and after stent implantation. Despite
of the significance of these findings, some additional
metrics were calculated to possibly identify issues related
to RP and RW intensity distributions.
According to Fig. 1, RP and RW distributions for
patient “7” were visually different. RW histogram has
presented a bimodal shape, with intensity values around
200, which were uncommon on RP histogram.

4.

p-Value for RP and RW distributions
comparison using MW-UT.
PRE-PCI
POS-PCI
5.3e-04
P<0.05
1.5e-02
P<0.05
2.4e-03
P<0.05
1.8e-04
P<0.05
4.3e-03
P<0.05
3.7e-10
P<0.05
1.2e-03
P<0.05
1.8e-07
P<0.05
9.3e-04
P<0.05
2.6e-05
P<0.05
5.8e-04
P<0.05
3.2e-03
P<0.05
2.1e-07
P<0.05
1.5e-07
P<0.05
2.1e-06
P<0.05
4.0e-04
P<0.05

Discussion

This work has used the same database assessed in [8].
In that paper, we concluded that VH overestimates NC
content, especially when there are DC components related
to necrotic content. The overestimated amount is possible
caused for a misclassification error, inherent to VH

Table 1. Distance measures between distributions used
in this work.
Distance
Measure

1

Observing the mathematical definitions for metrics on
Table 1, an inference has been performed. BHA distance
assume null value if distributions are identical and
tending to ONE whether their differences increases. KLD,
JSD and EMD tend to ZERO whether the normalized
distributions become identical, with values increasing
otherwise [10].
Results from table 3 shows that RP and RW
histograms distribution increases after stent implantation,
because of artifactual NC content added to VH images.
Histogram changes are related to an increment of pixels
with gray scale intensity around 200, which is pretty
uncommon for RP pixels.

Grey scale (GS) pixel intensity distribution has been
assessed for necrotic content in every lesion for further
analysis. Intensity histograms have been extracted and
normalized to obtain unitary area distributions, such as
probability density functions.
After compiling information from images, some
comparisons have been performed in order to identify
possible differences between necrotic content groups. RW
and RP intensity histograms have been directly compared,
according to PCI status: PRE or POS. Mann-Whitney U
test was used in the matched comparison between RW
and RP distributions.
After that, some additional metrics to quantify distance
between distributions were calculated and are shown in
Table 1. Some works have related that paired
comparisons like paired T-test may be not the best way to
assess the distance between distributions because of their
sensitivity to histograms translations, for example.

3.

,

1

In this case, Earth Mover Distance is simplified as shown in
Table 1. General explanation is available in [11].

Equation
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classification algorithm.
However, based on artifactual relationship between
necrosis and dense calcium, we decided to check whether
“pure” NC and NC confluent to DC presents the same
features in GS IVUS images.
In our results, differences between RP and RW were
observed for every patient, with significance for some
patients. These findings are original and may point to a
new route in order to identify NC content more prone to
be a misclassified pixel. This investigation should guide
us to a new methodology for necrosis quantification and a
new possibility for VH examinations’ analysis.
Comparison between RP and RW components shows a
presence of some RW pixels with higher intensity than
those presents in RP distribution. A possible novel
hypothesis to be designed is related to those high intensity
NC pixels presented post-intervention and confluent to
dense calcium. Suppose that overestimated necrosis
would be these one with higher intensity, a hypothesis
test should be designed to re-label NC content as
“artifactual necrosis” (AN).
These further analyses should provide a modern
analysis, which allows VH studies to assess necrotic
content into intervals instead of absolute values. Whether
these analyses lead us to reliable conclusions, several
studies will be re-studied over this novel VH
methodology.
A critical point of described analysis is related to its
validation. Histopathological analysis (HA) has been still
gold standard method for plaque classification.
Unfortunately, a clinical essay evolving HA of coronary
arteries specimens should not be performed in vivo. In
addition, there are several costs and difficulties associated
to this study design.
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Conclusions

Based on presented methodology, data and results
there are significant differences between GS intensity
distribution for RP and RW necrotic contents. Several
previous studies pointed to an overestimation of necrotic
tissue around dense calcium content in VH images.
We hope that some kind of correction model or a
method to underestimate NC in VH images by means of
the GS intensity distribution. Future steps will be focused
in the analyses of intensity histograms in order to propose
a novel “correction” rule which permits a reduction in NC
content, especially in which cases with several NC
connected to DC pixels.
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Fig. 1 – Normalized histograms for NC content for a patient, named as “Patient 7”, and respective comparisons. (A): PRE and POS
distributions were displayed for RP. (B): PRE and POS distributions were displayed for RW. (C): RW and RP distributions for PREPCI group and (D) RW and RP distributions for POS-PCI group. There are some observable differences in each one of displayed
images.
Table 3. Distance and divergence metrics used for comparing differences between NC intensity distributions. Metrics used are
described on Table 1.
Patient Label
7
11
18
27
37
43
48
58
Patient Label
7
11
18
27
37
43
48
58

BHA
0.31
0.26
0.25
0.24
0.23
0.20
0.33
0.28
BHA
0.12
0.10
0.27
0.28
0.10
0.22
0.08
0.16

RP and RW distances – PRE-PCI
KLD
JSD
2.48
0.11
0.84
0.09
0.63
0.08
0.99
0.07
0.82
0.07
0.66
0.05
2.11
0.13
1.11
0.10
RP PRE and RP POS distances
KLD
JSD
0.30
1.9e-02
0.13
1.4e-02
1.38
9.3e-03
2.14
9.0e-02
0.20
1.3e-02
0.38
7.3e-02
0.12
8.5e-03
0.27
3.5e-02

EMD
25.52
18.16
21.45
20.25
18.43
17.37
30.27
22.54

BHA
0.25
0.30
0.40
0.40
0.30
0.27
0.35
0.29

EMD
4.08
2.54
17.24
7.23
0.57
18.38
0.67
10.25

BHA
0.06
0.15
0.12
0.09
0.08
0.18
0.04
0.14
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RP and RW distances – POS-PCI
KLD
JSD
0.62
0.08
2.31
0.11
4.22
0.19
5.32
0.18
2.33
0.10
1.26
0.09
2.89
0.14
1.31
0.11
RW PRE and RW POS distances
KLD
JSD
0.04
5.8e-03
0.42
3.0e-03
0.07
1.8e-02
0.06
1.3e-02
0.05
9.4e-03
0.21
4.8e-02
0.01
2.8e-03
0.11
2.7e-02

EMD
26.8
27.41
32.86
28.42
24.66
22.26
31.61
26.55
EMD
4.03
9.80
8.19
6.28
6.67
22.84
2.29
14.25

