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Abstract Although previous intravascular ultra-
sound (IVUS) radiofrequency-based analysis data
showed acceptable reproducibility for plaque com-
position, measurements are not easily obtained,
particularly that of lumen contour, because of the
limited IVUS resolution. The purpose of this study
was to compare a new measurement method (Shin’s
method) and the conventional measurement method
for necrotic core and calcium content in atheroscle-
rotic lesions using Virtual Histology-intravascular
ultrasound (VH-IVUS). Fifty-seven patients with
unstable angina who underwent elective percutaneous
coronary intervention were included. Shin’s method
focuses on catheter contour, instead of lumen
contour, and vessel contour. Patients ages ranged
from 46 to 88 years, and 34 were men. A total of
1,401 frames from 59 culprit lesions were assessed.
There were no significant differences in the mean
area and volume of necrotic core and dense calcium
between the two methods. Correlation coefficients
(R) were >0.99 for all above mentioned parameters
(P < 0.001). Between methods, the absolute differ-
ences in mean area and volume of necrotic core were
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0.02 + 0.02 mm* and 0.34 + 0.29 mm®, respec-
tively, while for mean area and volume of dense
calcium, the absolute differences were 0.04 + 0.07
mm? and 0.36 4+ 0.52 mm®, respectively. The repro-
ducibility of Shin’s method was excellent. For area of
the necrotic core and dense calcium, the means of the
differences between the two measurements were
nearly zero, and the reproducibility coefficients were
within 1% of the means of the two measurements.
Mean analysis time for both measurements was
26.8 £+ 6.7 min/segment in the conventional method
and 3.3 &+ 0.6 min/segment in Shin’s method. Shin’s
method for measurement of necrotic core and dense
calcium using VH-IVUS demonstrated a good corre-
lation with the conventional method and excellent
reproducibility. Also, Shin’s method required a
significantly shorter analysis time than the conven-
tional method. Therefore, Shin’s method could
replace the conventional method for necrotic core
and calcium measurement in atherosclerotic lesions,
and it might be useful in the catheterization labora-
tory for online clinical decision.

Keywords Intravascular ultrasound -
Necrotic core - Dense calcium - Catheter contour
Introduction

While there is a well established relationship between
degree of stenosis and plaque burden and ischemic
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symptoms in patients with stable angina, plaque
composition, especially necrotic core, is more relevant
in terms of occurrence of acute coronary syndromes
[1-4]. Virtual Histology-intravascular ultrasound
(VH-IVUS), which permits the analysis of coronary
plaque composition in vivo, is increasingly used in
clinical research [5-12]. Despite its demonstrated
utility in quantifying coronary plaque components
with high predictive accuracy both in vitro and in vivo
[13, 14], VH-IVUS is infrequently used routinely in the
catheterization laboratory for clinical decision making
partly because it is not easy to immediately draw the
contours. In particular, lumen contour detection takes a
long time and it is especially challenging in patients
with high risk lesions (i.e., acute coronary syndrome)
because there is no clear separation between luminal
thrombi and intima. The aim of this study is to assess a
new measurement method (Shin’s method) that readily
provides on-line (i.e., immediately after acquisition)
necrotic core and calcium measurements to help
interventionalists to better assess coronary lesions
irrespective of clinical presentation. Therefore, in the
present study we compared the new measurement
method (Shin’s method) and the conventional mea-
surement method in quantifying necrotic core and
calcium in atherosclerotic lesions using VH-IVUS.

Methods
Study patients

In this study, 1,401 frames and 59 segments of culprit
lesions were imaged in a total of 57 consecutive
patients with unstable angina who underwent coronary
artery stenting. Specifically, measurements of necrotic
core and dense calcium (i.e., area and volume) by
VH-IVUS were considered. Unstable angina was
defined according to the Braunwald classification
[15], and patients with class 1IB and IIIB were
included in the study. Patients were excluded if they
had an IVUS-detected thrombotic lesion, left main
disease and chronic total occlusion. Culprit lesion is
defined as the lesion related to the patient’s symptom
that was treated with stenting. We determined the
analysis times needed for both approaches and report
the mean times of analysis. This study was performed
with the patient’s written informed consent and
approval of the institutional review board.
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VH-IVUS

Details of the radiofrequency (RF) IVUS technique
have been extensively validated [9, 10, 13, 14]. In
brief, spectral analysis of VH-IVUS data is used to
create tissue maps to classify atherosclerotic plaques
into four major components (fibrous: green; fibrofatty:
light-green; dense calcium: white; and necrotic core:
red). In this study, only dense calcium and necrotic
core were considered because they are commonly
found in high-risk plaques; both were assessed using
the conventional method and Shin’s method.

IVUS data acquisition

IVUS data were acquired with commercially avail-
able phased-array IVUS catheters (Eagle Eye Gold
2.9-F 20 MHz, Volcano Corporation, Rancho Cor-
dova, USA) by a dedicated VH-IVUS console
(Volcano Corporation, Rancho Cordova, USA).
Image acquisition was ECG-gated. After intracoro-
nary injection of 200 pg nitroglycerine, continuous
pullback of the IVUS catheter was performed using a
motorized pullback device at 0.5 mm/s. Data of both
pullbacks were stored on hard disk for off-line
analysis.

VH-IVUS data analysis

RF-IVUS analysis was performed off-line by an
independent core laboratory (Cardialysis BV, Rotter-
dam, The Netherlands). The region of interest
comprises the most diseased 10-mm segment within
the culprit lesion that was contained the largest
plaque burden. This approach mimics a real clinical
situation in which the interventionalists must make a
clinical decision on the most stenotic segment using
not only geometrical but also compositional analysis.

Conventional method of analysis

The contours were traced using a semiautomatic
contour detection program (PcVH 2.2, Volcano
Corporation, Rancho Cordova, USA). The contours
of each cross sectional image per frame were
manually corrected if required to meet a high
standard of accuracy. The Iumen contour was
detected by tracing the leading edge of the intima,
and the vessel contour by tracing the leading edge of
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Fig. 1 A The conventional method entails drawing the lumen
contour (white arrows). B Instead of measuring the lumen,
Shin’s method entails drawing behind the catheter. While there

is a “flare” (ring-down artifact) around the catheter, the
artificial contour must be drawn away from this flair (white
arrows)

Fig. 2 A and B Corresponding IVUS frames. Shin’s method
(B) shows similar necrotic core and dense calcium area
compared with the conventional method (A). To compare only
the influence in terms of dense calcium and necrotic core of the

the adventitia. For each frame geometrical and
compositional analyses were performed; the mean
area of the vessel and lumen were obtained and for
each segment, the vessel and lumen volumes were
generated (Figs. 1, 2).

Shin’s method of analysis

Shin’s method also used the off-line software PcVH
2.2. Instead of measuring the lumen as described

two different approaches the same contour of the vessel was
used (FI fibrous, FF fibrofatty, DC dense calcium, NC necrotic
core)

above for the conventional method, in Shin’s method
the lumen contour is drawn around the IVUS catheter
(hereafter termed catheter contour), that is, without
following the leading edge of the interface lumen
intima. When there is a “flare” (ring-down artifact)
around the IVUS catheter, this catheter contour must
be drawn away from this flare (Fig. 1). The catheter
contour was manually detected. To compare only the
influence of the two different approaches (Conven-
tional vs. Shin’s), in terms of dense calcium and
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necrotic core, the same contour of the vessel was used
(Figs. 1, 2).

Using Shin’s method the following information
can be obtained:

1. Necrotic core and dense calcium areas and
volumes.
2. Vessel area and volume.

However, using Shin’s method the following
information can NOT be obtained:

1. Fibrous and fibrofatty areas and volumes.
2. Lumen and plaque areas and volumes.

Data analysis

For all comparisons, two levels were considered, the
frame level and the segment level.

First, we compared the two methods (necrotic core
and calcium) by one expert analyst. To assess the
reproducibility of Shin’s method, eight segments
(189 frames) were randomly selected and the same
segments were analyzed twice by the same analyst
with a 3-week time difference. To this end, the vessel
contour was kept from the conventional method, so
that only the catheter contour was drawn twice.

Statistical analysis

Analyses were performed with SPSS 16.0 (SPSS Inc.,
Chicago, IL). Dichotomous data are presented as
frequencies. Quantitative data are presented as
mean *+ SD and compared using Student’s #-test, and
linear regression analysis for repeated measures. The
Spearman’s correlation coefficient was used to assess
associations between measured parameters deter-
mined by the two methods. According to Bland and
Altman [16], the agreement between two measure-
ments were assessed by determining the mean + 2 SD
of the between measurement differences. A two-sided
P value < 0.05 was considered significant.

Results
Study patients

Table 1 shows the patients’ characteristics. The mean
age was 60.1 £ 8.6 years, and 57.6% of participants
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Table 1 Study population

N =57

Age, years 60.1 £ 8.6
Male 34 (57.6)
Diabetes 16 (27.1)
Hypertension 30 (50.8)
Current smoker 13 (22.0)
Hypercholesterolemia 34 (57.6)
Total cholesterol, mg/dl 190.9 £ 40.2
LDL cholesterol, mg/dl 111.5 £ 38.5
hsCRP (mg/l) 22 +33
Study vessel

LAD 33 (55.9)

LCX 6 (10.2)

RCA 20 (33.9)
Plaque burden, % 60.7 £ 0.8

Values are presented as number (%) or mean *+ SD.
Hypercholesterolemia defined as >180 mg/dl of total
cholesterol

LAD left anterior descending artery, LCX left circumflex artery,
RCA right coronary artery, hsCRP high-sensitivity C-reactive
protein

were men. The study vessels were the left anterior
descending artery in 55.9%, the left circumflex
artery in 10.2% and the right coronary artery in
33.9% of cases. The length of the segments was
10.2 £ 0.3 mm with a volumetric plaque burden of
60.7 £ 0.8% (43.1-75.5%). There was no complica-
tion related to IVUS imaging.

Comparison between the conventional
and Shin’s methods

By design, the mean length of analysis and the mean
vessel area are the same (Table 2). There were no
significant differences in the mean area and volume
of necrotic core and dense calcium between the two
methods. The correlation coefficients (R) were 0.99
(P < 0.001) for all compared parameters (Fig. 3).
Between methods, the absolute differences in mean
area and volume of necrotic core were 0.02 £+ 0.02
mm? and 0.34 &+ 0.29 mm3, respectively, while for
mean area and volume of dense calcium, the absolute
differences were 0.04 &+ 0.07 mm? and 0.36 £ 0.52
mm°, respectively. Although it did not achieve
statistical significance, mean dense calcium was
consistently smaller and mean necrotic area was



Int J Cardiovasc Imaging (2010) 26:387-396

391

Table 2 Mean area and volume of necrotic core and dense calcium with conventional and Shin’s method

Conventional Shin’s Absolute A P

Frame (n = 1401)

Vessel area, mm® 13.78 + 3.90 13.78 + 3.90 0

DC area, mm?> 0.41 £+ 0.51 0.38 + 0.48 0.04 + 0.07 0.07

NC area, mm?> 0.78 £+ 0.70 0.80 + 0.71 0.02 + 0.02 0.62
Segment (n = 59)

Lesion length, mm 10.15 + 0.29 10.15 + 0.29 0

Vessel volume, mm°® 140.65 £ 37.90 140.65 £ 37.90 0

DC volume, mm® 435 £ 4.43 3.99 £ 4.16 0.36 £+ 0.52 0.66

NC volume, mm® 8.26 + 6.62 8.39 + 6.72 0.34 + 0.29 0.91

Values are presented as mean + SD

DC dense calcium, NC necrotic core, P conventional versus Shin’s
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Fig. 3 Graphs show significant correlations for the absolute measurement values of each VH-IVUS plaque component between the
conventional method and Shin’s method for atherosclerotic coronary lesions
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Fig. 4 Differences of necrotic core and dense calcium
volumes (Shin’s method minus conventional method). Mean
necrotic core volumes were larger in Shin’s method as

larger in Shin’s method as compared to the conven-
tional method (Fig. 4). A total of three segments in
necrotic core and five segments in dense calcium had
an absolute difference in volume of more than
1 mm®. The correlation of the mean areas and
volumes of necrotic core and dense calcium between
Shin’s and the conventional method was expressed by
a linear least-squares fit in Fig. 3.

Although fibrous and fibrofatty components are
not correct by Shin’s method because this method can
not differentiate between lumen contents (usually
characterized as fibrous and fibrofatty) and the fibrous
and fibrofatty that are part of the plaque contents,
here we provide a comparison between conventional
vs. Shin’s method: 3.37 & 2.03 mm? vs. 4.04 + 2.16
mm?, P < 0.001 for fibrous area and 0.87 &+ 0.93
mm? vs. 1.68 + 1.49 mm?, P < 0.001 for fibrofatty
area, respectively.

Reproducibility of Shin’s method

Table 3 shows the reproducibility of Shin’s method.
The linear least-squares fit of the relationship between
the two measurements for necrotic core area and dense
calcium areawere R = 0.999, P < 0.001 andR = 1.0,
P < 0.001, respectively (Fig. 5). For areas of the
necrotic core and dense calcium, the means of the
differences between the two measurements were
0.004 £ 0.019 and 0.002 + 0.013 mm?. The limits
of agreement for area of the necrotic core and dense
calcium were —0.034 to 0.042 mm” and —0.024 to
0.051 mm?. The reproducibility coefficients were
within 1% of the means of the two measurements for
area and volume of the necrotic core and dense
calcium.
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compared to the conventional method (A), while the mean
dense calcium volume was consistently smaller in Shin’s
method as compared to the conventional method (B)

Analysis time

To assess the measurement analysis time difference
between the two methods, 12 segments were ran-
domly selected. Manual correction of the automatic
contour detection was required in almost all frames
for a total analysis time of 26.8 & 6.7 min/segment
in the conventional method. However, analysis time
was 3.3 £ 0.6 min/segment for Shin’s method
(Table 4).

Discussions

This report introduces a new measurement method
(Shin’s method) for necrotic core and dense calcium
using VH-IVUS. The main findings of this study are:
(1) necrotic core and dense calcium areas and
volumes determined by Shin’s method show a good
correlation to those derived from the conventional
method; (2) Shin’s method has a high reproducibility,
and (3) analysis time is shorter for Shin’s method.
The introduction of RF-based IVUS analysis
permits quantitative assessment of atherosclerotic
plaque composition [17]. This is of crucial relevance
because necrotic core is a key determinant of plaque
vulnerability. This imaging modality has been exten-
sively scrutinized and studied in different clinical
contexts, and most studies using this technique have
shown consistency as compared with previous path-
ological studies [13, 14]. However, this imaging
technique is very much influenced by the precision of
contour detection, which in turn is highly time-
consuming thus rendering its clinical use for online
clinical decisions today not possible and not widely
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Table 3 Reproducibility of necrotic core and dense calcium by Shin’s method
Shin’s 1 Shin’s 2 Absolute A P
Frame (n = 189)
Vessel area, mm? 14.66 + 3.73 14.66 + 3.73 0
DC area, mm?> 0.39 + 048 0.38 + 0.48 0.01 £+ 0.01 0.96
NC area, mm? 0.82 4+ 0.57 0.81 4+ 0.56 0.01 £+ 0.02 0.95
Segment (n = 8)
Lesion length, mm 10.24 4+ 0.28 10.24 £+ 0.28 0
Vessel volume, mm?® 150.42 £+ 35.2 150.42 £+ 35.2 0
DC volume, mm® 4.03 £+ 3.78 4.00 £+ 3.78 0.03 £ 0.02 0.99
NC volume, mm® 8.39 £+ 4.58 8.35 £ 4.57 0.06 £+ 0.06 0.99
Values are presented as mean + SD
DC dense calcium, NC necrotic core, P conventional versus Shin’s method, A difference
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Fig. 5 Assessment of Shin’s method reproducibility. The
differences of the mean necrotic core and the mean dense
calcium areas between the two measurements were nearly zero,

Mean dense calcium area, mm2

and the reproducibility coefficients were within 1% of the
means of the two measurements
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Table 4 Comparison of analysis time between the conventional method and Shin’s method (12 segments)

Conventional Shin’s Absolute A P
Analyzed length, mm 10.1 £0.2 10.1 £0.2 0 1.0
Analysis time, min 26.8 £ 6.7 33+ 0.6 235+£6.2 <0.001

Values are presented as mean & SD. P Conventional vs. Shin’s method, A difference

accepted. There was a need therefore to explore
a different manner of necrotic core quantification
that would allow information to be quickly obtained
as accurate as possible and with excellent
reproducibility.

Use of Shin’s method does not require training,
and more rapid contour detection around the catheter
can be done. In the future, with the implementation of
an automatic catheter contour detection program, no
user intervention will be needed. This catheter
contour must be drawn beyond the ring-down artifact
(i.e., ‘flare’) so that this is not misclassified as
necrotic core or dense calcium.

Although in the conventional method we would
have included thrombi that are undetected by IVUS,
recent papers showed that thrombus was always
classified as fibrous and fibrofatty tissues by VH-IVUS
[18, 19], and therefore even when the luminal contour
would have included some thrombi, the necrotic core
and calcium measurement using Shin’s method is not
affected by a variable contour detection.

Although this study showed that the sum of
necrotic core and calcium was very similar using
both methods, the mean dense calcium area was
consistently smaller and the mean necrotic area was
larger in Shin’s method as compared to the conven-
tional method. In particular, a total of five segments
in dense calcium and three segments in necrotic core
had an absolute difference in volume of more than
1 mm?. Possible explanations for this difference
between two methods are as follows: (1) Thin plaque
is treated as a grey medial stripe by VH-IVUS in the
conventional method. However, Shin’s method is not
influenced by the artificial thickness of the medial
stripe. Therefore, Shin’s method shows more necrotic
core even though there is a thin plaque (Fig. 6). (2) In
the case of mixed plaques at the lumen, in the
conventional method, the proximity of the contour
with the plaque, will characterize the adjacent tissue
to the contour using one of the two classification trees
of the virtual histology system, resulting in more
calcium or more necrotic core at that area (Fig. 6). In
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Shin’s method, a longer distance will be present from
the catheter contour to the plaque, and therefore the
second classification tree would be applied resulting
in a slightly different tissue characterization. In a
previous study, in vivo VH-IVUS images suggested
an increase in dense calcium in the acute coronary
syndrome group when compared with the stable
angina group. Although in general the in vivo
VH-IVUS data correlated well with in vitro histology
(predictive accuracy of 96.5%), the RF data analysis
overestimated the frequency of calcifications. The
authors mentioned that one possible explanation was
that the artifact is colored with white because the
software for VH analysis is obliged to assign one of
the four colors for each pixel [13].

Previous data with the conventional method
showed acceptable reproducibility for plaque com-
position; likewise, repeated measurements for necro-
tic core and calcium with Shin’s method were highly
correlated. Awareness of inter-observer differences
may be particularly important in serial pharmacolog-
ical intervention trials where small changes in plaque
composition (i.e., necrotic core) may be expected
[20, 21]. Therefore, Shin’s method may be a more
adequate system to assess the change of necrotic core
in longitudinal studies.

Shin’s method for measurement of necrotic core
and dense calcium using VH-IVUS demonstrated a
good correlation with the conventional method and
excellent reproducibility. In the future, since Shin’s
method could be automatically applied using an
automated catheter contour detection with a computer
program, and analysis time will be further decreased.
This would also mean that the technique can be used
in the catheterization laboratory to help operators in
decision making based on content of necrotic core or
calcium.

Limitations

This study has several limitations. (1) Because
patients in the present study all suffered unstable
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A Conventional method

Fig. 6 A Shin’s method shows some necrotic core in the grey
medial stripe (white arrow) that was not shown with the
conventional method (white empty arrow). B In case of
superficial calcium, there is much more calcium apparent
behind the luminal contour in the conventional method (white

angina, we cannot know how well the two methods
would correlate in other atherosclerotic lesions. (2)
The study did not include a validation component as
therefore the accuracy of Shin’s method remains to
be determined (3) Shin’s method does not show the
lumen area and plaque area. Therefore, greyscale
should remain the gold standard to assess plaque size
changes (geometrical analysis), while virtual histol-
ogy should be used to obtain compositional analysis,
so as complementary information to greyscale. (4)
Shin’s method does not provide correct quantification
of fibrous or fibrofatty tissues.

Conclusions

Shin’s method for measurement of necrotic core and
dense calcium using VH-IVUS demonstrated a good
correlation with the conventional method and a high
reproducibility. Also, Shin’s method required a

Shin’s method

DC 1.4 mm?

arrow) while in Shin’s method, superficial calcium shows very
finely and some decrease of calcium area. Also, some necrotic
core shows behind the luminal contour (white arrow heads) in
the conventional method (DC dense calcium, NC necrotic core)

significantly shorter analysis time than the conven-
tional method. Therefore, Shin’s method could
replace the conventional method for necrotic core
and calcium measurement in atherosclerotic lesions,
and it might be useful in the catheterization labora-
tory for online clinical decision.

Open Access This article is distributed under the terms of the
Creative Commons Attribution Noncommercial License which
permits any noncommercial use, distribution, and reproduction
in any medium, provided the original author(s) and source are
credited.
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