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Abstract: Calcified plaque has a major effect on increasing plaque volume which can
increase the risk of Coronary Artery Disease (CAD). The use of Filtered Back Projection
(FBP) on CT-scans still has flaws in terms of image quality that can result in errors in the
calculation of plaque volume. Intelli IP Advanced is hitachi CT-scan’s Iterative
Reconstruction (IR) type and can improve image quality compared to FBP. The purpose of
this study is to find out the comparison of calcified plaque volume in coronary arteries using
FBP and Intelli IP Advanced. This study used 38 samples of coronary artery blood vessels
that had calcified plaque and reconstructed using the reconstruction of FBP and Intelli IP
Advanced algorithms (Levels 1-3). Plaque calculation is done automatically using aquarius
intuition edition application on CT-scan Hitachi SCENARIA 128 Slice. The results in this
study found significant differences (p < 0.05) in calcified plaque volume results with the use
of FBP and Intelli IP Advanced algorithm reconstruction (Levels 1-3). However, significant
differences are found only in algorithm reconstruction pairs (Intelli IP Advanced Level 1 and
Level 3) that have a p < 0.05. The conclusion is that IR affects the volume value of calcified
plaque.
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Introduction

Coronary Heart Disease (CHD) has been considered as a deadly disease in Indonesia.
The Sample Registration System (SRS) survey in 2014 in Indonesia showed that CHD was
the highest cause of death at all ages after stroke, which was 12.9% [4]. Coronary heart
disease, also called Coronary Artery Disease (CAD) is a disease of the coronary arteries
where the narrowing of the coronary arteries due to the process of atherosclerosis occurs [7].
The fact that there are a great number of deaths due to CHD requires serious treatment,
ranging from prevention to efforts to cure CHD. One of ways to determine the presence of
abnormalities in the heart is a Coronary Computed Tomography (CCTA) examination. CCTA
IS an examination to evaluate CAD because it is capable of assessing stenosis and
atherosclerotic plaque [9]. The amount of plaque volume is a strong predictor in assessing
cardiovascular conditions [12]. A study conducted by Weber et al. [12] stated that overall the
increase in plaque volume was driven by an increase in the volume of calcified plaque. This
indicates that calcified plaque has a major effect on increasing plaque volume which can
increase the risk of CAD.

Most studies on CCTA were reconstructed using Filtered Back Projection (FBP). FBP is one
of the most common methods used in image reconstruction applied to CT-scans [1]. However,
FBP still has a lack of resolution and an increase in image noise [6]. The use of Iterative
Reconstruction (IR) is one of the solutions as it has emerged as a new technique in CT cardiac
examination for dose reduction and image quality improvement [6]. Each IR in the CT-scan
modality has a different name. The latest IR that has been developed by CT Hitachi is Intelli
IP Advanced. Intelli IP Advanced is an improvement of Intelli IP Normal which has been
implemented in Hitachi’s SCENARIA CT-scan [2]. Intelli IP Advanced has one to seven
levels. The higher the level used, the higher the noise reduction that can be done but it can
cause blurry images [8].

Materials and methods

Sample preparation

The population taken was data from all CT cardiac patients at Hitachi 128 Slice CT scanner at
Bach Mai Hospital Vietham from November 2019 to January 2020. This study used
38 samples which were the number of coronary arteries with calcified plaque. The samples
taken were data from patients with heart rate less than 85 bpm and with plaque calcification
which had been proven by calculating calcium score (Fig. 1).

Fig. 1 Cardiac rendering volume and
automated plaque calcification measurement

Automated plaque calcification measurements

This study used a Hitachi SCENARIA 128 Slice CT Scanner. The Aquarius Intuition Edition
ver.4.4.12.185.3539 application on the Hitachi 128 Slice CT Scanner workstation was used to
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measure the volume of plaque in coronary arteries. The reconstruction in this study used
thickness 0.625 mm, Recon index 0.5 mm, Filter 71 heart standard, and Recon phase range of
40-60% for each image reconstruction (FBP and Intelli IP Advanced Levels 1-3). Automatic
measurements were carried out by making tracking on coronary arteries on the rendering of
the heart volume display, and, then, it would automatically display the results of plaque
volume based on the level of the Hounsfield Unit (HU) value.

Statistical analysis

The data analysis used was the Shapiro-Wilk method to test the normality and the Repeated
Measurements Analysis of Variance (Repeated Measurements ANOVA) method was used for
significance test if the data was normally distributed. However, if the data was not normally
distributed, the Friedman method, continued with the Wilcoxon test, was used. The data was
processed by using SPSS version 20 software. Based on these statistical results, it can be
concluded if there is a significant difference in volume or not from plaque calcification in
FBP and Intelli IP Advanced.

Results

Based on the results of the average volume of calcified plaque on each algorithm, the overall
average volume of calcified plaque was obtained (Fig. 2). The mean value of calcified plaque
volume for each reconstruction algorithm was 15.8 + 39.8 mm? at FBP, 16.57 + 38.32 mm?® at
Intelli IP Advanced (Level 1), 16.11+40.84 mm?® at Intelli IP Advanced (Level 2),
15.19 + 37.78 mm?® on Intelli IP Advanced (Level 3).
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16,00 15,80
m FBP
15,50 + 15.19 | IPA level 1
15,00 IPA level 2
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14,50
14,00
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Fig. 2 Average value of calcified plague volume in each reconstruction algorithm

Normality test

Based on the results of the normality test using the Shapiro-Wilk method, the significance
value of the calcified plaque volume data using FBP and Intelli IP Advanced (Levels 1-3)
were p-value < 0.05 (0.000; 0.000; 0.000; 0.000), respectively. Based on these results, it could
be inferred that the data were not normally distributed and would be continued with the
significance test using the Friedman method that was then followed by the Wilcoxon method.

Significance test

Based on the results of significance test with Friedman method, the significance value was
0.026, and, therefore, the p < 0.05. If the p < 0.05, there were significant differences in the
results of calcified plague volume with the use of reconstruction algorithms and Intelli IP FBP
Advanced (Levels 1-3). Then, the results of the significance value of each pair of
reconstruction algorithms were obtained from the results of the significance test using the
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Wilcoxon method. The reconstruction algorithm pairs (Intelli IP Advanced Level 1-FBP,
Intelli IP Advanced Level 2 - FBP, Intelli IP Advanced Level 3 - FBP, Intelli IP Advanced
Level 2 - Level 1, Intelli IP Advanced Level 3 - Level 2) had a significant value p > 0.05.
Therefore, there was no significant difference in calcified plaque volume between the FBP
and Intelli IP Advanced reconstruction pairs. Meanwhile, a pair of reconstruction algorithms
of Intelli IP Advanced Level 3 and Level 1 had a significance value p < 0.05 (0.005).
Thus, there was a significant difference of the volume of calcified plaque in the pair of the
reconstruction algorithms (Intelli IP Advanced Level 3 and Level 1).

Discussion

The results of the measurement of the average volume of calcified plaque in this study were
15.8+39.8 mm® on FBP, 16.57+38.32 mm® on Intelli IP Advanced (Level 1),
16.11 + 40.84 mm?® on Intelli IP Advanced (Level 2), 15.19+37.78 mm® on Intelli IP
Advanced (Level 3). These results indicate that Intelli IP Advanced (Level 1) has the highest
mean of the volume value of calcified plaque between FBP and Intelli IP Advanced (Level 2)
and (Level 3). This is different from the research conducted by Karolyi et al. [3] which states
that FBP higher calcified plaque volume value than IR. This could happen because the IR
method can produce images with low noise and high spatial resolution [10]. Reconstruction of
the IR algorithms for each CT-scan has a different effect [5], and the level of spatial
resolution generated in each IR model is different.

Based on the normality test using the Shapiro-Wilk method, the data in this study were not
normally distributed (p < 0.05). Therefore, it was continued by conducting the significance
test using the Friedman method and the result showed p < 0.05, which means that there is a
significant difference in this study. To find out which pairs of reconstruction algorithms have
significant differences in the value of the volume of calcified plaque, a further significance
test was performed using the Wilcoxon method.

The results of the significance test using the Wilcoxon method obtained p < 0.05 which was
only found in the Intelli IP Advanced (Level 1) and Intelli IP Advanced (Level 3) pairs.
Therefore, a significant difference in the value of the volume of calcified plaque was only
found in Intelli IP Advanced (Level 1) and Intelli IP Advanced (Level 3) (Fig. 3). Meanwhile,
there was no significant difference in the value of the volume of calcified plaque found in the
other pairs of reconstruction algorithms.

Fig. 3 Results of measurement of calcified plague volume on:
A) FBP; and B) Intelli IP Advanced (Level 3).

Analysis of calcified plaque volume by using FBP
The use of FBP is a reconstruction algorithm that is quite good in seeing details of small
objects such as coronary arteries even though it has shortcomings in terms of noise. However,
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the use of FBP can sometimes lead to blooming artifact in calcified plaque. The blooming
artifact can cause an error in calculating the volume of calcified plaque in the automatic
method because the blooming artifact causes the size of the calcified plaque to appear larger
than its original size, especially in calculating the volume of calcified plaque using the
automatic method based on the obtained HU value.

Analysis of calcified plaque volume using Intelli IP Advanced

Spatial resolution can affect the calculation of calcified plaque volume by automated methods.
Intelli IP Advanced has a lower level of spatial resolution at each level [2]. Intelli IP
Advanced (Level 1) has the highest level of spatial resolution followed by (Level 2) and
(Level 3). High spatial resolution is very good in CCTA examination because it aims to see
small objects. However, a low level of spatial resolution will cause blooming artifact, make
the calcified plaque size look larger and cause the calcified plague volume value to be larger
than the original [11].

Comparative analysis of calcified plague volume

using FBP and Intelli IP Advanced

The average volume on Intelli IP Advanced (Level 1) has the highest value than any other
reconstruction algorithms. There is no significant difference in volume values, except for
Intelli IP Advanced (Level 1) and (Level 3). This can happen because Intelli IP Advanced has
different levels of spatial resolution and noise reduction capabilities at each level [2].
The different levels of spatial resolution will have an impact on the calculation of the volume
of calcified plaque because the IR method can affect the blooming artifact that can manipulate
the actual number and size of calcified plaque. The IR method should be used with caution in
the calculation of calcified plaque in the coronary arteries [5]. The IR capability of each brand
of CT-scanner is different so that the results of the volume of calcified plaque produced are
also different.

Conclusion

Based on the results of the use of FBP and Intelli IP Advanced in calculating the volume of
calcified plaque in the coronary arteries, different values were obtained, but after the
statistical tests, there was no significant difference in values between the two.

The limitations of this study include the fact that this study did not measure the plaque in each
artery one by one and used an automatic method that calculated everything entirely so that it
affected the volume value obtained. There was no consensus on the use of Intelli IP Advanced
for cardiac CT and the use of Intelli IP Advanced should be tailored to the scanning area.
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