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ABSTRACT

The effect of Advanced Modeled Iterative Reconstruction (ADMIRE) on the coronary artery calcium (CAC)
score of computed tomography was evaluated. Coronary artery calcium images (348 calcium, 6 groups, total of
2088 calcium) were acquired by 128-slice dual-source CT of 89 patients.Volume score and Agatston score were
measured from images reconstructed with filtered back projection (FBP) and ADMIRE (1-5). The difference
between FBP and ADMIRE Strength (1-5) was confirmed through the Kruskal-Wallis test, and the post-hoc
analysis was performed using the Mann-Whitney U test based on FBP. Both volume score and Agatston score
showed statistically significant differences between FBP and ADMIRE (1-5) (P=0.015, P=0.0.38). As a result of
post hoc analysis, the volume score decreased to 9.5% in ADMIRE 4 (Z=-2.359, P=0.018) and 13.2% in
ADMIRE 5 (Z=-3.113, P=0.002) based on FBP. Agatston score decreased to 10.4% in ADMIRE 4 (Z=-2.051,
P=0.040) and 14.0% in ADMIRE 5 (Z=-2.718, P=0.007) based on FBP. High ADMIRE strength affected the
volume score and Agatston score due to the decrease in calcium area. In addition, the change in the Density
factor due to the decrease in Maximum HU may affect the calculation of the Agatston score.
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CACSel mMA|= AAA] AT ols= o 3] F
Zotrt. w2 A9 542 Coronary artery
calcium score®l] T3+ ADMIRE ¢ 3l2]<(Advanced
Modeled Iterative Reconstruction, Siemens Healthineers,
Forchheim, Germany)2] 93-S H7}sk= Aot}

II. MATERIAL AND METHODS
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A AGSAAHE st Ao 2rjds
2O 2 CT calcium scoring AAIS W2 =
I o]’e] Calciumo] U= 89S o= 313
t} CT M| 192-slice dual-source third generation
CT (Somatom Force; Siemens Healthineers, Forchheim,
Germany)E AF-8-3}31 T},

AP 278 #AY Ref. kV 120(CARE kV), @
5 Quality ref. mAs/rot. 80(CARE Dose 4D),
Detector collimation 2 x 192 x 0.6 mm, Rotation
time 0.25 s@ ECG(electrocardiogram) triggering 3}¢]
AAreth AAF A A RFr(heart rate, HR)7F 70 ©]
Skl 225 S = Pulsing range RR 7HA 2] 60
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Al axial modeE AHE3FITE CACS 574 % &4
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Fig. 1. Using Semi-Automatic Software(“Ca Score", Siemens
Healthineers, Forchheim, Germany).

(A) Structures with Attenuation Greater than 130 Hounsfield
Unit Are Automatically Colored.

(B) The Measurer Clicks on A Colored Structure.

(C) Volume Score, Agatston Score and Mass Score are
Automatically Measured.
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* CACS: Coronary artery calcium score,
* FBP: Filtered back projection.
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[I. RESULT

1. 47 A&

AL it volE 66.47 + 11.804]0]aL, Ht
AF 735 £ 14.1 kg, F 7] 1.67 £ 0.9 m, Scan
heart rate:= ¥ 1 63.47 £ 9.10 beat/min, R/R interval
H¥ 951.71 £ 122.39 ms, BestDiast 74.00 + 2.12
(%), o4 30S Eshel g9 o] Ul gAtE A
13l Table 1] it}

Table 1. Characteristics of Study Subjects

Mean+SD
Male/female 69 (77%) / 30 (33%)
Age 66.47 = 11.80
Weight(kg) 73.5 £ 14.1
Height(m) 1.67 + 0.90

Scan heart rate(beat/min) 951.71 + 122.39

RR interval(ms) 74.0 £ 2.12

Mean+SD, R/R interval(ms): The PR interval is measured from the beginning of the
P wave to the beginning of the QRS complex, BestDiast(%): Axial reconstruction
within the ECG trigger window, commonly BestDiast.

2. Coronary Artery Calcium Scoring(CACS)

2.1 Volume Score

FBP¥} ADMIRE Strength(1-5)°] W2 Volume
score 7Fe] x}olE wW|:El7] $J8}e] Kruskal-Wallis
testS Al&sSich. 1 A3 FBP(M=46.1), ADMIRE
1(M=45.0), ADMIRE 2(M=43.9), ADMIRE 3(M=42.9),
ADMIRE 4(M=41.7), ADMIRE 5(M=40.0)7+cl 57|
Homw fFoJgk Aol7k e AeE yEbsth
(p=0.015)(Fig. 2, Table 2). F7}% FBPE 7|xo &
ADMIRE Strength7t Mann-Whitney U testE &3t
A F RS 3 Ayl FBPF ADMIRE 1(Z=-0.730,
p=0.465), ADMIRE 2(Z=-1.219, p=0.223), ADMIRE
3(Z=-1.638, p=0.101)2> SAHoZ FoJgt zfo]7}
AAA T ADMIRE 4(Z=-2.359, p=0.018), ADMIRE
5(Z=-3.113, p=0.002)= BAIHo= Fo|gt }o]7}
AE Aoz el THFig. 2, Table 2). %3
ADMIRE strengthol] W& x}o]H]&& Yol Ay}
FBP2} W] 3] A ADMIRE 4 £ 9.5 %, ADMIRE 5t
132 % 7438t A O Table 20 LWL

2.2 Agatston Score

FBP¥} ADMIRE Strength(1-5)°] & Agatston
score 7Fe] #}o]= H|wE}l7] $)5}e] Kruskal-Wallis
test= Al 33tk 2 A3} FBP(M=57.0), ADMIRE
1(M=55.9), ADMIRE 2(M=54.3), ADMIRE 3(M=53.1),
ADMIRE 4(M=51.1), ADMIRE 5(M=49.0)7}ol| £ 7| %]
o2 Fo3t 2ol7t U= AO R Fig. 29} Table 291
LFERSE TH(p=0.038).

F7}2 FBPE 7]FS= ADMIRE Strength?}
Mann-Whitney U testE &3+ AFFEAS 3t A3
FBPS} ADMIRE 1(Z=-0.582, p=0.560), ADMIRE
2(Z=-1.041, p=0.298), ADMIRE 3(Z=-1.379, p=0.168)
< AR Fo% Aozt YIAA T, ADMIRE
4(Z=-2.051, p=0.040), ADMIRE 5(Z=-2.718, p=0.007)
= SAASE FoF Aol7t A= HOE YER
CK(Fig. 2, Table 2). 3, ADMIRE strengthol] U}
2po)u] & ol Ay} FBP9} W]l A ADMIRE
4 10.4 %, ADMIRE 5+ 14.0 % #Ass Ao
2 Table 29 YEFSTL
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Fig. 2. Coronary Calcium Volume Score (A) and Agatston Score (B) for Incremental Level of Advanced Modeled
Iterative Reconstruction(Admire). 0: Admire O(Filtered Back Projection), 1: Admire 1, 2: Admire 2, 3: Admire 3,
4: Admire 4, 5: Admire 5. Box And Whisker Plots Show Inter-Quartile Range (Iqr) from the 25 % yo 75 %

Percentile and the Upper Fence of the 1.5 Iqr Above the 75 % Percentile or Lower Fence of the 1.5 Iqr below the
25 % Percentile. * P<0.05 Vs. Fbp.

Table 2. Difference Ratios of Coronary Calcium Volume and Agatston Scores by the Incremental Proportion of
ADMIRE.

(N=2088)
FBP ADMIRE 1 ADMIRE 2 ADMIRE 3 ADMIRE 4 ADMIRE 5
Mean + SD 46.1 £ 83.96 450 + 82.85 439 + 81.81 429 + 80.76 41.7 £ 79.65 40.0 £ 78.20
Median 12.9 12.3 11.6 10.8 10.2 9.8
(range) (1 - 476.4) (0.9 - 468.2) (0.7 - 460.1) (0.5 — 451.9) (0.3 - 444.0) (0.1 - 434.2)
Vol [25th to 75th percentile] [6.8 — 44.6]  [6.2 — 44.0]  [5.7 — 43.4]  [5.4 — 42.7] [4.8 - 41.7]  [4.3 - 40.2]
olume
score . .
Difference ratio 0 % 2.4 % -4.8 % -6.9 % 9.5 % -13.2 %
2 p x2 = 14.103, p = 0.015
V4 Z = -0.730 Z = -1.219 7 = -1.638 7 = -2359 7 = -3.113
p p = 0.465 p = 0223 p = 0.101 p = 0.018 p = 0.002
57.0 + 559 + 543 +
Mean + SD 104.72 103.43 101.23 53.1 £ 99.65 51.1 £ 9792 49.0 + 95.87
Median 15. 5.2 14.6 13.9 12.8 11.9
(range) (0.8 - 552.1) (0.8 — 542.8) (0.8 - 534.8) (0.7 - 518.6) (0.7 - 510.2) (0.4 - 499.2)
Agatston  [25th to 75th percentile]  [6.5 -~ 57.4]  [6.0 - 57.2]  [5.6 - 56.1]  [5.3 - 5501 [49 - 532] [43 - 505]
score
Difference ratio 0 % -1.9 % -4.7 % -6.8 % -10.4 % -14.0 %
x> p x2 = 11.770, p = 0.038
Z Z = -0.582 Z = -1.041 Z = -1.379 Z = -2.051 Z = -2.718
p p = 0.560 p =0.298 p = 0.168 p = 0.040 p = 0.007

FBP: filtered back projection, ADMIRE: Advanced Modeled Iterative Reconstruction.
x2 (p): Kruskal-Wallis test.

Z (p): post hoc analysis, Mann-Whitney U test(comparison with FBP as reference).
Z (p): post hoc analysis, Mann-Whitney U test(comparison with FBP as reference).
Z (p): post hoc analysis, Mann-Whitney U test(comparison with FBP as reference).
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IV. DISCUSSION
2 ATE B 9 4 T8 Ae AE

ADMIRE strengthi= Agatston score, Volume score 7+

4% zA@ThE Rolth

Agatston score™ 19901 Agatston's-©] Electron
beam CT(EBCT)Z ©] &3] Z&HS 1 mm o] W
o] 130 Hounsfield Units (HU) ©]/d o2 A 2|3},
Zrgo] WA Zgo Hu 74 gte = AHajzx 4
= A4 (density factor)e] o2 A, U= A
I 130~199 HUE 1, 200~299 HU & 2, 300~399
HUT 3, 400 HU ©]2 4°]9 Fig. 3, Eq. (2)°l Y
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o] HFH L 130 HU o|Arel Zf WA &gfol~
FAE w3 o= ALEM, SI wHel(System of
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Eq. 39 YERSITE A 3] 3k H o 3HA gholl ik
Fakol Ao A HA4E AREsH] Wil =70 1F
5 X (Interscan  variability)©] Zo]E0] A d A o]
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x4 o] %JJOL shobar ®arE o Lo 20021 Hong
; A, Hof 74 gk 2 8l <
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score= T2 7 Hl3l A do] AR A&
AEE SHsEE Ag 2709 E 2 EZ(scanning
protocol)} & 7|9k
S %13 calcium hydroxyapatite”} -8 &5 WH
o] glofof &t7] wiitell I A -&ol thgh A}
o] Tpi2627],

o

ru1m

1 7 (phantom-based calibration)

Iterative reconstruction 11| &2 #8351

Ha5 4o AL FPol T A

W slo] B2 = IRQ! iDose(Philips Healthcare, Best,
the Netherlands)e] 282 Zgol Ja&S v XA &
o Rkl ey 434 A4 IR W
2191 ASiR(Adaptive statistical iterative reconstruction,
GE Healthcare, Milwaukee, USA)2] A8 ZH2o
Volume score, Agatston score2] HA s A5 =z
gk B askiefl IR g Fo =]

H| X = g gkel| gk Avpe= AEE &2

Myt o

&

(A) ®)

Fig. 3. Calcified Area, Maximum HU and Slice
Thickness.

Volume score
= Area x Slice thickness

=2 mm’ x 3 mm (2)
= 6 mm’
Agatston score
= Area x Density factor
=2 mm’ x 2
=4
% Density factor 3
Max. HU Factor 3)
130 - 199 1
200 - 299 2
300 - 399 3
= 400 4

2 Aol A Volume score, Agatston score X7
FBP2} ADMIRE 1-3& }o]7} 1A%k, ADMIRE
4, 5641 7|9 FBPel H|&l ZHaete= Aot e
Wt Volume score®] A% WA (area)?} Slice
thickness w22 AAE+=d B AFoA]  Slice
thicknesst= ¥ A3tE 2 IR &arglFe e 2

al

% WAe wEeE doqa g 5 vk
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(C) ADMIRE 5

(D) ADMIRE 5 ROI
Fig. 4. (A) FBP Image(One calcium in the left
Circumflex Artery and Three in the Left Anterior
Descending Artery were Recognized.)

(C) ADMIRE 5 Imgae(One Calcium in Left Circumflex
Artery, Two in Left Anterior Descending Artery

(B) FBP ROI

Eq. (2), Eq. 3)= ®¥ ZF9 WAL Volume
score, Agatston score XFol| 3
ZZ0] 714 Q23 o] HE oJrte] FHES Fol:=
Zolth. Renker 5 <7714k 1RSIl IRIS(Iterative
reconstruction in image space, Siemens Healthcare,
=5 AL39e o

2
ot
o
MN
®
=
2
K

Forchheim, Germany) <3l

‘Blooming' artifact 742} Zrg EF 9 ?ﬂ?ﬂ“i} #Aa
A

& za@tn BRI R 7)H) Jael
55 &9 v 242 ‘Blooming' artifacts: 7FAA A
Zaa WHol Fojette 8 A7 A9E AR
A& = dva AztEn

“

L =
Zlol™ Fig. 4o YERHIATE (A)= FBP F7dolH
left circumflex arteryoll Z& 171,
descending artery 3717} ZH2o 2 A HAT. 1A
T (C)= ADMIRE 5% Zrg 54 st g4dolH
left circumflex arteryoll Z& 171,
descending artery 2717} ZHo =2 Q1A HAY. A

How shte 24 ANHA Wk,

left anterior

left anterior

HU threshold”} 130 ©]%, 37 o]l Q133
voxel S X3e H 4 1.02 mm2 o]/ WAE 73l
:IL}—%TC_)‘ 1 ]— uﬂ 71—/\ o /\h:HE q_Bll ADMIRE
5004 Zgoz QAHA %= 1709 Lesione %

O olafstarzt 2 F9jel e A7]9 ¥4l
g5 27 GRIsiANE 2 AR ol Rs A
= A2 ATE vk shAIRE o 71 LAl | AL
22 ADMIRE strength’} #=0}d % Maximum HU
= 7%t Aolth Agaston scores ol 4
Eq. (3)°1 4 Density factor Maximum HU®I| tw}2}
AAE =, 1 Aol Fig. 49 (B), (D)E tYsHA
FBP %372 Maximum HUT 2232 2 Density factor
= 27} ¥ 3, ADMIRE 5 %97¢] Maximum HUT
18322 Density factori= 1°] ¥ T} Maximum HU9]
a2 Q13 Density factor W 3}= Agatston score 7|
bl %S = F AU

V. CONCLUSION

¥ ADMIRE strength= ZH¢r WA o] 7HA= 9l
3Fo] Volume score, Agatston score®l| &S =T}

=
WSk, Maximum HUQ| A= 213t Density factor
W3l Agatston score AlAte] TS & ¢ U
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