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Adaptive-iterative-dose-reduction 3D with multisector-reconstruction
Method in 320-Slice CT may Maintain Accurate-Measurement of the
Agatston-Calcium-Score of Severe-Calcification Even at Higher
Pulsating-Beats and Low Tube-Current in Vitro

(320 3| CT & M e @ BEEA IRALR AR R I3\ T s SR E B O &
% |Z AIDR3D & Multisector reconstruction OfAAS H>H 13, IEME7: Agatston
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77 v b AROEER
FHiE WEh T 7 ACEEARILT 7 hAEEEEL, éi@iiﬁ?ﬂ%ﬁi&
BT, FHERGE TLERIFI 320 41 CT g 21772, EEIEIX 120kV (2
E L, &EitiE 50,100,200,300,400,500mMA (2522 2 7=, HE%ER 65/43 uT
Tl half reconstruction, 66/4y L4 - TiZ half reconstruction & B[54 fi#AE % tr %
9% multisector reconstruction D& CHEIEIER ZITV., & BT % THEHE O
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Introduction:

To reduce radiation exposure in 320 slice computed tomography (CT), a
volume exposure control (VEC) system, is used frequently. The VEC system
considers the degree of transmission of radiation, which correlates strongly with
the body mass index and the degree of obesity and reduces the tube current.
The information is acquired from scout images and its validity is achieved as a
reduction of tube current, especially in non obese subjects. However, if tube
current is reduced, images noise may increase, especially in pulsating heart
images.



To reduce image noise and improve image quality, Adaptive Iterative Dose
Reduction 3D (AIDR3D)® (Toshiba Medical) was developed. Furthermore, to
improve temporal resolution for pulsating heart images especially at higher heart
rates, multisector reconstruction methods are still used in 320 slice CT [1, 2].

In this study, we evaluated the utility of a combination of AIDR3D and
multisector reconstruction methods in 320 slice CT for measuring severe
coronary arterial calcification at various heart rates and tube currents in vitro.

Materials and Methods:

A calcified mock-vessel with a maximum CT value of 400 HU was made to
pulsate at 40-100 beats/min (BPM) using a pulsating device (AZ-631N, Anzai
Medical) (Figure 1).

Retrospective ECG gated 320 slice CT (Aquilion ONE, Toshiba Medical) was
performed with a fixed tube voltage of 120 kV and a tube current of 50, 100 or
500 mA, and images were reconstructed using half reconstruction (all BPM) and
also multisector reconstruction (only >65 BPM) at the most static phase both
without and with AIDR3D. Mean and standard deviation (SD) of CT values of the
calcified part were measured (Virtual Place, AZE), and the Agatston calcium
score (ACS) was measured. The SD of those values was considered the degree
of image noise.

The SDs of the CT values of the calcified part, as the degree of image noise,
are small at standard state, due to the relatively high radiation dose. This is
different from data obtained from an actual human body CT. Therefore, the
calcified mocked phantom was surrounded by absorption material, the main
component of which is acrylic water-absorption polymer (PPY-01®, Hogy
Medical) (Figure 2).

Results
ACS of calcified mocked vessel (Figure 3)

Without the AIDR3D and with half reconstruction at all BPM, the ACS at
40-100 BPM relative to the static state was 93,100, 99, 94, 90, 103, and 82% at
a tube current of 500 mA; 93, 95, 96, 101, 102, 99, and 83% at 400 mA; 96, 98,
96, 102, 100, 219, and 96% at 300 mA,; 101, 94, 99, 97, 96, 92, and 216% at 200
mA,; 165, 114, 157, 165, 171,100, and 104% at 100 mA; and 192, 213, 217, 184,
189, 180, and 209% at 50 mA. However, with the AIDR3D and with half
reconstruction at all BPM, the ACS at 40-100 BPM relative to the static state was



improved, especially at low tube current, to 155, 114, 106, 102, 96, 94, and
106% at 50 mA. Furthermore, if multisector reconstruction was performed at >65
BPM only, the ACS relative to the static state was improved to 155, 114, 106, 98,
96, 97, and 95% at 50 mA.

The SD of ACS of calcified mocked vessel (Figure 4)

Without AIDR3D and with half reconstruction at all BPM, the SD of the CT
values of the calcified part at 40-100 BPM relative to the static state was 86, 103,
91, 100, 93, 77, and 79% at a tube current of 500 mA; 97, 95, 92, 87, 87, 91, and
73% at a tube current of 400 mA; 96, 107, 90, 92, 96, 150, and 91% at a tube
current of 300 mA; 99, 107, 109, 104, 107, 86, and 153% at a tube current of 200
mA; 138, 100, 114, 115, 126, 111, and 97% at 100 mA; and 168, 137, 124, 123,
152, 154, and 136% at 50 mA. With AIDR3D and with half reconstruction at all
BPM, the SD of the CT values of the calcified part at 40-100BPM relative to the
static state was improved, especially at low tube current, to 125, 100, 95, 93, 106,
107, and 88% at 50 mA. Furthermore, if multisector reconstruction was
performed at >65 BPM only, the results were further improved to 125, 100, 95,
96, 101, 97, and 92% at 50 mA.

Conclusion:

Our results demonstrate that the AIDR3D with multisector reconstruction
method in 320 slice CT reduces image noise of severe calcification at higher
pulsating beats (>65 BPM) and low tube current. Also, the method maintains
accurate measurement of ACS of severe calcification, which is improved at
higher pulsating beats (>65 BPM) and low tube current. In conclusion, at low
tube current, ACS and image noise increased, especially at higher pulsating
beats. But using VEC with AIDR3D and multisector reconstruction, accurate
measurement of coronary calcium is possible.
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Figure Legend

Figure 1

A: Four calcified mock-vessels with a maximum CT value of 50, 200, 300 and
400 HU (red arrows) were made to pulsate at 40-100 beats/min using a
pulsating device (AZ-631N, Anzai Medical). In this analysis, only the calcified
mock-vessel with a maximum CT values of 400HU was used.

B: Pulsating device (AZ-631N, Anzai Medical) (arrow).

Figure 2

A: Absorption material which surrounded calcified mocked vessel.

Main component of this material is Acrylic Water-Absorption Polymer (PPY-01) ®
Hogy Medical

B: Absorption material which surrounded calcified mocked vessel. Main
component is Acrylic Water-Absorption Polymer (PPY-01) ® Hogy Medical

Figure 3
Agatston calcium score (ACS) of calcified mocked vessel

Without the Adaptive Iterative Dose Reduction 3D (AIDR3D)® (Toshiba
Medical) and with half reconstruction at all beats/min (BPM), the ACS at 40-100
BPM relative to the static state was 93,100, 99, 94, 90, 103, and 82% at a tube
current of 500 mA,; 93, 95, 96, 101, 102, 99, and 83% at 400 mA; 165, 114, 157,
165, 171, 100, and 104% at 100 mA; and 192, 213, 217, 184, 189, 180, and
209% at 50 mA. However, with the AIDR3D and with half reconstruction at all



BPM, the ACS at 40-100 BPM relative to the static state was improved,
especially at low tube current, to 155, 114, 106, 102, 96, 94, and 106% at 50 mA.
Furthermore, if multisector reconstruction was performed at >65 BPM only, the
ACS relative to the static state was improved to 155, 114, 106, 98, 96, 97, and
95% at 50 mA.
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Figure 4
Standard Deviation (SD) of CT values of calcified mocked vessel

Without Adaptive Iterative Dose Reduction 3D (AIDR3D)® (Toshiba Medical)
and with half reconstruction at all beats/min (BPM), the SD of the CT values of
the calcified part at 40-100 BPM relative to the static state was 86, 103, 91, 100,
93, 77, and 79% at a tube current of 500 mA; 97, 95, 92, 87, 87, 91, and 73% at
a tube current of 400 mA; 138, 100, 114, 115, 126, 111, and 97% at 100 mA; and
168, 137, 124, 123, 152, 154, and 136% at 50 mA. With AIDR3D and with half
reconstruction at all BPM, the SD of the CT values of the calcified part at
40-100BPM relative to the static state was improved, especially at low tube
current, to 125, 100, 95, 93, 106, 107, and 88% at 50 mA. Furthermore, if
multisector reconstruction was performed at >65 BPM only, the results were
further improved to 125, 100, 95, 96, 101, 97, and 92% at 50 mA.
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Automated Volume Exposure Control with Adaptive Iterative Dose
Reduction 3D Method in 320-Slice CT Can Reduce Total Radiation
Exposure and Image-Noise, Especially in Non-Obese Patients
(320 5| CT IZ2# T VEC & AIDR3D #ZfiAfht 5 2 & T, FrIZIEAERFIC
B TR R IE < & & 1% noise 2K CTE 5,)
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B CROBEHRBIE < L 8 noise 21K C& 5 T 5
xt& & Fik: AK#F4E1X Retrospective ECG gating with tube current dose
modulation & VEC % F\ T 320 %Il CT ki #17 - /=8t 35 Hil(H1E 21 4, %
¥) 57 5%, ¥ body mass index (BMI) 24.2+5.4 (15-35)) D Al X HTTH D,
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Purpose: We evaluated whether combination of automated volume exposure
control (VEC) with Adaptive Iterative Dose Reduction 3D (AIDR3D) (both were
Toshiba Medical) method in 320 slice CT could reduce total radiation exposure
and image noise in an in vivo study.

Materials and Methods: This was a retrospective analysis of 35 consecutive
patients (21 male, mean age 57 years, mean body mass index (BMI) 24.2+5.4
(range 15-35)) who underwent retrospective ECG gated enhanced 320 slice CT
(Aquilion one, Toshiba Medical) with tube current dose modulation and VEC,;
images were reconstructed at 75% of the RR interval with and without AIDR3D.
Tube voltages were fixed at 120kV and tube currents were determined by VEC
from scout acquisition information (maximum 580mA). Mean and standard
deviation (SD) of CT values of the circle of 100mm? in the center of the cavity of
mid levels of left ventricle (LV) and descending aorta (DA) at the same levels
filled with contrast material were measured; SD of these values were regarded
as degree of noise.

Results: Using VEC, maximum tube current (MTC) was 463+135mA which
constituted a 21% reduction compared with full dose MTC (580mA). MTC on
VEC significantly and strongly correlated with BMI (correlation coefficient was
0.60). The mean and SD of CT values of LV and DA were 492+36 Hounsfield
Units (HU) and 526+26HU without AIDR3D, respectively; these values were
499+34HU and 527+23HU with AIDR3D, respectively and SDs of LV and DA
with AIDR3D were significantly lower than those without AIDR3D (both P<0.05).
The SDs of LV without AIDR3D were significantly negatively correlated with MTC
and BMI (correlation coefficients of SDs of LV with MTC and BMI were -0.33 and
-0.36, respectively). However, absolute values of the correlation coefficients of
SDs of LV with AIDR3D with MTC (0.15) and BMI (0.33) were reduced compared
with those without AIDR3D (0.33 for MTC and 0.36 for BMI, respectively).
Conclusions: Using VEC, MTC would be reduced especially in non obese
subjects with low BMI. Without AIDR3D, image noises were increased when
MTC decreased. However, with AIDR3D, image noise improved.

A Clinical Relevance Statement: Combination of VEC with AIDR 3D in 320
slice CT can reduce total radiation exposure and image noise especially in non
obese subjects.
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