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Effects of Iterative Reconstruction Algorithm,
Automatic Exposure Control on Image Quality, and
Radiation Dose: Phantom Experiments with
Coronary CT Angiography Protocols

Seongmin Ha*, Sunghee JungT, Hyuk-Jae ChangT, Eun-Ah Park’, Hackjoon Shim®

xYonsei — Cedars—Sinai, Integrative Cardiovascular Imaging Research Center,
TGraduate School of Medical Sciences, College of Medicine, Yonsei University,
fDepartment of Radiology, Seoul National University Hospital,
SToshiba Medical Systems Korea, Seoul, Korea

In this study, we investigated the effects of an iterative reconstruction algorithm and an automatic exposure control
(AEC) technique on image quality and radiation dose through phantom experiments with coronary computed
tomography (CT) angiography protocols. We scanned the AAPM CT performance phantom using 320
multi-detector—row CT. At the tube voltages of 80, 100, and 120 kVp, the scanning was repeated with two settings
of the AEC technique, i.e., with the target standard deviations (SD) values of 33 (the higher tube current) and
44 (the lower tube current). The scanned projection data were reconstructed also in two ways, with the filtered
back projection (FBP) and with the iterative reconstruction technique (AIDR-3D). The image quality was evaluated
quantitatively with the noise standard deviation, modulation transfer function, and the contrast to noise ratio
(CNR). More specifically, we analyzed the influences of selection of a tube voltage and a reconstruction algorithm
on tube current modulation and consequently on radiation dose. Reduction of image noise by the iterative
reconstruction algorithm compared with the FBP was revealed eminently, especially with the lower tube current
protocols, i.e., it was decreased by 46% and 38%, when the AEC was established with the lower dose (the
target SD=44) and the higher dose (the target SD=33), respectively. As a side effect of iterative reconstruction,
the spatial resolution was decreased by a degree that could not mar the remarkable gains in terms of noise
reduction. Consequently, if coronary CT angiogprahy is scanned and reconstructed using both the automatic
exposure control and iterative reconstruction techniques, it is anticipated that, in comparison with a conventional
acquisition method, image noise can be reduced significantly with slight decrease in spatial resolution, implying
clinical advantages of radiation dose reduction, still being faithful to the ALARA principle.
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Fig. 1. Region of interest of
phantom module. (a) spatial reso-
lution: (a-1) thin wire part, (a-2)
qualitative part, (a-3) water part,
(b) (b-1) low-contrast part, (b-2)
water part.
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(Fig. 2).
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Table 2. Standard deviations and CNRs in phantom image of
FBP and IR at each kVp.

Measured SD MeasuredCNR
50 1 Voltage Target

SD FBP IR FBP IR
0 80 kVp  SD33 102 68 88 110
80kvp 100 kvp 120 kvp SD44 142 8.2 82 133
B SD33 999 % 56 100 kVp  SD33 108 62 112 164
SD44 162 83 71 139
L1SDa4 136 53 33 120 kVp  SD33 9.9 62 91 142
SD44 141 75 8.1 117

Fig. 2. Comparisons of tube current from AEC was adjusted
dose. According to rise 80 kVp to 120 kVp, tube current was
increased the tube current in order to adjust the optimal dose.

SD: standard deviation, CNR: contrast-to-noise ratio, FBP: fil-
tered back projection IR: iterative reconstruction.

Table 1. Radiation doses (CTDIlvol, DLP and effective dose) at each kVp.

Voltage Target SD Tube current (mA) CTDIvol (mGy) DLP (mGy) Effective dose (mSv), k=0.014
80 kVp SD33 222 5.0 105.8 15
SD44 136 3.6 753 11
100 kVp SD33 96 45 95.4 13
SD44 53 26 55.4 038
120 kVp SD33 56 44 91.7 13
SD44 33 24 51.2 0.7

SD: standard deviation, CTDI: computed tomography dose index, DLP: dose length product.
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Fig. 3. Tube voltage according to applied AEC was compared
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Fig. 5. Noise rates of automatic exposure control options: (SD44/
=1.33).
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projection (FBP) and (b). Iterative
reconstruction (AIDR 3D).
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Table 3. Noise and CNR reduction rates of IR compared with
FBP.

Voltage Target  Noise reduction CNR improvement
SD from FBP from FBP
80 kVp SD33 33.3% 25.0%
SD44 42.3% 62.2%
100 kVp SD33 42.6% 46.4%
SD44 48.8% 95.8%
120kVp SD33 37.4% 56.0%
SD44 46.8% 44.4%

SD: standard deviation, CNR: contrast-to-noise ratio, FBP: filterd
back projection.

Hhall, 120 kVpe] 412 CTDIvolS 2.4 mGyelw] IR A&
A Ao S 748 WZEH|E 11.720]t}. 80 kVpollA]
120 kVpE W7 A, Az <F vl 7HAsiglon, g4
e 94 9.8% FHAsHA, NZER = 6.74% S7F5HS
tH(Table 3).

o Jn o job
£
-
oX
rn:
4 A
i

ox
Y,
i)
il
ne
o
4 o
£

>
fo
B
o
&
of
>
2
o%
>
2
oft
o
o
P
o
ﬁl
i
[
f
ft

™ iy

ot o

defstol ghaelA] A ol 4ol WA wEE Folo

t}*'"¥ ICRP (International Commission on Radiological Pro-
tection)l] WHER Az YIS I FFS | mSv, AR
3h2ke] WS A2 Al 10 mSvE Akl ok s]E

N4 TREZ AG A AEFS 2QAF AHA %2

AAET CTS) AR Aol 1~3 mSy, ZAAE A5
AAE R CT7F 1~20 mSve|™ 3AF BMI (body mass in-

dexyell whe} AoleiA] vhehhe}

B =FdA+s 16 em® $£ W92 #J3l9 3 DLP
(Dose Length Product)ol] k factor (AA71F k=0.014)5 F3|
o] §34 %K(effective dose)g A4S A2 0.7 mSvellA 15
mSvE UERgtHTable 1). ME ] A& 216 emE H T

PROGRESS in MEDICAL PHYSICS Vol. 26, No. 1, March, 2015

Aole] 7hEEdlolle v XA Es}AuE, SFOV (Scan Field
of View)& AAZ 7|0l w3 Zod g 393, TR EZ | ut
£ AA wlge Ayt EE57] difel v Ao
2 Holr}

B =7 AnE e Adsigsas dfzods
Al AEC9} IRe FAloll AEA7IH 449 e o
250 FA% A AFE 29 T de AL AP
53] AFo] G Aol IRY Fgol A
I |24, 100 kVpollA= AECY A4
44) ol| A FBPol| v|3l HTF 459% FS A7 AE Hgo
v, o] AECS 1A% A4 (FESD=33)9] FF 378%%
A As 5 F ok Adyt 4 WEEe] Ak
(correlation) & FFetatel 7] wiitell =% 3kA-2] BMIol| %
ZREEZS AR oS A e Ak
Zo BzdE S B 9IS Ao A o
5 =9, HHLS 100 kvpollA] 80 kvp=E 3 Hodd ulf
BHAF7E & 60% Tashe dde o glon, dke] v}
U= ol 7hssbeh =3 AEC ko] vl E w3l 4] 3}
A5 o] 43 4 9lrh wE3F AECYF IR & F &3 41k of
AollA e FF EFHAXTE 100] vhghehH, AECSF IR
= A gl Al o] Fg EFHAAE oF BoE

B dFedA e e A3t ] d9 zds
Z2EFo|A AECE &8 A% A3} 7|4 R 7IH
= Ao ALe e arhAE Y AN E H71
ek 2 A3 AECS RS &

References

1. MEDPAC: A Data Book: Healthcare Spending and the Medi-
care Program. Medicare Payment Advisory Commission, (2013)

2. Smith-Bindman R, Lipson J, Marcus R, et al: Radiation
dose associated with common computed tomography examina-
tions and the associated lifetime attributable risk of cancer, Arch
Intern Med 169(22):2079-2086 (2009)

_33_



Seongmin Ha, et 4l : Effects of Iterative Reconstruction Algorithm, Autorretic Exposure Control on Image Quality, and Rediation Dose: hantom Experiments with Coronary CT Angiography Protocals

3

4.

10.

11.

12.

13.

ICRP Publication 102: Managing patient dose in multi-de—
tector computed tomography(MDCT).Ann ICRP 37(1):1-79 (2006)
Hsieh J: Computed tomography: principles, design, artifacts,
and recent advances, SPIE, (2009)

. Dougeni E, Faulkner K, Panayiotakis G: A review of pa-

tient dose and optimisation methods in adult and paediatric CT
scanning, Eur J Radiol 81(4):665-683 (2011)

. Payne JT: CT radiation dose and image quality, Radiol Clin

North Am 43(6):953-962 (2005)

. Hara AK, Paden RG, Silva AC, et al: lterative recon-

struction technigue for reducing body radiation dose at CT: fea—
sibility study, AJR Am J Roentgenology 193(3):764-771 (2009)

. Xu J, Mahesh M, Tsui BM: Is iterative reconstruction ready

for MDCT?, J Am Coll Radiol. 6(4):274-276 (2009)

. Denis T, Kalra MK, Gevenois PA: Radiation dose from

multidetector CT. 2nd ed, Springer (2012), pp 152-154

Von Spiczak J1, Morsbach F, Winklhofer S, et al: Coro-
nary artery stent imaging with CT using an integrated electronics
detector and iterative reconstructions: first in vitro experience, J
Cardiovasc Comput Tomogr 7(4):215-222 (2013)

Ohashi K, Ichikawa K, Hara M: Examination of the optimal
temporal resolution required for computed tomography coronary
angiography, Radiol Phys Technol 6(2):453-460 (2013)
Gervaise A, Osemont B, Lecocqg S: CT image quality im-
provement using adaptive iterative dose reduction with wide—
volume acquisition on 320-detector CT, European radiology
22(2):295-301 (2012)

Nakaya Y, Kawata Y, Niki N, et al: A method for determin—
ing the modulation transfer function from thick microwire profiles

14.

15.

16.

17.

18.

19.

20.

21.

_34_

measured with x-ray microcomputed tomography, Medical Phy—
sics 39(7):4347-4364 (2012)

Ohkubo M, Wada S, Matsumoto T, et al: An effective
method to verify line and point spread functions measured in
computed tomography, Medical physics 33(8):2757-2764 (2006)
L. del Risco Norrlid, C. Rénnqvist, K. Fransson, et al:
Calculation of the modulation transfer function for the X-ray
imaging detector DIXI using Monte Carlo simulation data, Nu—
clear Instruments and Methods in Physics Research Section A
466(1):209-217, (2001)

Samei E, Ranger NT, Dobbins JT 3rd, et al: Intercom-
parison of methods for image quality characterization. |. Modula-
tion transfer function, Medical physics 33(5):1454-1465 (2006)
Kenneth AF, Nicholas JH, Beth AS, et al: Measurement
of the presampled two-dimensional modulation transfer function
of digital imaging systems, Medical physics 29(5) 913-921 (2002)
Kalra MK, Maher MM, Toth TL, et al: Strategies for CT
radiation dose optimization. Radiology 230(3):619-628 (2004)
ICRP publication 103: The 2007 Recommendations of the
International Commission on Radiological Protection, Ann ICRP
37(2-4):(2007)

Halliburton SS, Abbara S, Chen MY, et al: SCCT guide-
lines on radiation dose and dose-optimization strategies in car-
diovascular CT, Journal of Cardiovascular Computed Tomo-—
graphy 5(4):198-224 (2011)

Sharma RK, Voelker DJ, Sharma RK: Coronary computed
tomographic angiography (CCTA) in community hospitals:
"current and emerging role”, Vasc Health Risk Manag 25(6):
307-316 (2010)



1, March, 2015

26, No.

PROGRESS in MEDICAL PHYSICS Vol.

urEs BT
R

Eﬂ%mu_m_.ﬂu_WEO__E%%HQ%ME m
=r HO ru-o -~ o0 -’ S o — * 3
B S = < Tt o
W & g o Woaen 00 o 0BT il
VP TR T RN R R =
Mo TR RT3 _ 5 gY@ "
n SuBokarsEobis |4
oz TEE 5B o o5 A< 2
o Mowﬁmmﬁoﬂ;tW\hM@“ﬂoEﬁg@% -
._.n,_. .__._AEAOMEHNW_F_/M?M.QM__gA thy
. ﬂaﬁ_ol_ziﬁxzmomoﬂﬂjmgﬂmo .
ot cEmGrggaotuxd by
|rln.ul w | 4|v| .W_AHI.II.I _ __A_o
oo mo Mg HmT T H T i
TR O mosdh S WH g o
= = T Tk E L O o7 I o’ K K )
ol m__“_ o 0 g = oo @ B D on 3 I R <l
o < w =5 gzl ol o . Z
_m_u_ < T c ™ #_Mr_ox___uﬂo_._ m._ﬂ..xu Em %o 7l H_.
W< ) B g o 8B T 1 IR =
_nor_”n..ame = %%.%Wﬁﬂ@ﬂﬂ%mrﬂ%“.ﬂo 1Ho
T O e _ .2 = 8 :l_ﬁ__z._meip__o| Nt |Aro
2L W gEFo@wg g ¥do e n Al
T g 0 9 s T = 2 N -
P ol MOmOWMo_EAo%ﬂuo_yLmﬁzo:l_ﬁ L
T . 809 ool 25 g oo g2 ol & oo ™ O
- < +— |.DO.__A|._ Aoo_A,_‘_|L.mO._._.A_L.1 I
4y = S 95 5 0 g0k K k1S B g B o
B e g PR T mH N ol <
- =~ >3m0 H._x__.._m_..oa_ar_._.._m_‘ =
BE R 2880 T’ S & ]
Swer K mS S ZTRESRDT O S KL A
mol_ - EwWOHOI_mﬁ%m%m%%%_o =
Q3 S & Sur oo o . i
1 X0 WEES R = oS %0
oo & z0 K = g o Bogp KUk oof K nH 33 K
& 2 Mo &S o O S H o
KO o RO HEeSx2dqg 30 H T K ol 4 K
PO . W@OSi_ETﬂ._o_Eo:ﬂ_‘Hln_e_uﬁu.r b
s} _._.__H ol m A K ar N _n__mo -— |..AI|_ Tor ol
=@ x HEDR =g T WD R E
£y ol XMB8HomBRETG cxz AT D
o 1 = o Ol oF S "W N K
A <0 A>T = gy o = I RO — W0
2 Y Lla__o_.O_ﬁ._.A.OI_._.HmU| 2 = 71 ol M =
-MO_.E 1o .__I.Lumo|_oo Mememorﬁol_||_7lulo“_olrﬁ z
35 T o Mg n S ®AN G
i Nz oo X Wz = Foor W & .
I = <0 o o L 11 = e 0 20 = =
%mo.:.qwaomowmﬂawx%_._._xﬂjol_ 2
B3 L 3 ¥ o X 20 ol K <
X 0 75 30 X L i X opg X0
2 J._|oO__b_ze_n_Mowo|_H|u_wouwﬂm_‘_.__om_m i
x R Ky oF y oo ® X = s
’ L I I I R S U
H_aem_pllww_.ﬁmm__o_ﬁmmﬁ_u-ﬂﬁ 3
T R qi R o o= T o — K ]
J_IoLhCWE_.M_@\__g_PMHFﬂqu_Ao =l
TN T B - O - AN S ..
> Ko ol MR = ) b 2 ol dol o3 X0 =
TorguwmedsalNisRKPE | @
KoK LT M ko T
M 6T ML Koo T M wloer ur Nl Kio

_35_



