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Contribution of Iterative Reconstruction to Dose Reduction in Kanagawa CT Questionnaire
Survey
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[Abstract]

The Japan diagnostic reference levels (DRLs) have been established since June 2015. In this study, we attempted to
define the effect of these DRLs. We conducted a questionnaire-based dose survey for medical facilities with computed
tomography (CT) in Kanagawa prefecture and evaluated the usage of corresponding volume CT dose index (CTDLal),
dose-length product (DLP), and iterative reconstruction (IR) method. As a result of dose level in Kanagawa prefecture,
the 75th percentile values of CTDIva and DLP were as follows: head (CTDL.:: 78 mGy; DLP: 1,300 mGy c¢m), chest (CTDILyor:
12 mGy; DLP: 450 mGy cm), and abdomen to pelvis (CTDILwi: 16 mGy; DLP 750 mGy cm). These dose levels were equal
to the DRLs. By using the IR, we revealed that the usage rate of the head was as low as 25%, even with the IR mounting
device. Furthermore, we found that the CT dose was not always significantly reduced compared with the conventional
filtered back-projection method. Although IR has been considered to contribute to CT dose reduction, we found that it
was limited in the dose investigation.
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Table 1 Contents of the Kanagawa CT questionnaire

Section Item

Facility and equipment Type of institute
information Vendor and Scanner type
Presence of IR technology
Purpose of using IR
Reference for display CTDlv
Scan mode

CTDlvol

DLP

Scan range

Phantom size

Dose information

IR: iterative reconstruction, CTDli: volume computed tomog-
raphy dose index, DLP: dose length product
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Fig.1 Number of CT scanners to the distribution of
detector acquisition channels in each vendor
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Table 2 The results of the Kanagawa CT questionnaire survey in 2016 (KANAGAWA 2016)

- 25th n 75th .
Scan protocols Number of CT exami- '[Y'T']’é';?y”m percentile Med'?” percentile  Maximum '[\fneéﬁ Standard
scanners  nations [mGy om] [mGyl, [mGy om] [mGyl, mGyeml  [mGy om] deviation
[mGy cm] [mGy cm]

Routine brain 82 709 CTDlvol 10.8 53.7 68.3 77.9 195.5 72.3 29.2
DLP 255.8 950.9 1,093.7 1,267.4 2,292.7 1,103.9 347.4
Routine chest 85 763 CTDlo 2 7.3 9.7 1141 33.6 10 4.7
DLP 65.5 281.5 385.2 438.4 1,213.4 379.9 153.9
Chest to pelvis 78 676 CTDlvol 3.9 9.7 11 13.8 35.7 12.5 5.2
DLP 262.3 676.1 813.4 980.8 1,754.5 846.6 276.3

Abdomen to pelvis 73 622 CTDlol 4.7 9.9 12 15.4 39.5 13.3 6
DLP 210.3 473.8 586.6 715.4 1,404.5 632.3 244.4
Hepatic dynamic 16 121 CTDlo 7.3 9.7 13.3 15.6 21 13.3 4.1

DLP 775 1,104 1,292.4 1,809.4 2,676 1,451.7 502
Coronary artery 36 342 CTDlvol 2.8 28.6 47.5 74.4 134.3 51.6 30.7
DLP 51.4 403 711.3 1,208.5 1,940.1 808.9 524.2
Child Head CT 16 55 CTDlvol 14.8 235 28.2 32.3 61.3 29.2 10.2
younger than 1 year DLP 29.2 365 424.9 474.7 657.1 399.6 148.8
Child Head CT 36 159 CTDlo 19.8 29.7 371 47.3 103.8 40.6 16.8

1-5 year DLP 56.7 455.2 609.7 837.9 1,253.9 638.8 274

CTDlo: volume computed tomography dose index [mGyl, DLP: dose length product [mGy cm]

TCHRD & 9 RIFNT 247 - 2. CTHIKOD Japan DRLs
201513, 2014482 HARBRZ G2 0 B M EASHR
FEEE 2 R G G2 L 7CAASR IR £, 2013 4R 2 JART 43
Fa L 7o 7 v — MR (JART 2013) 236200
T2 LT3, MO F—2x8Msh
TURUHBHRIAMEN T2 100, RIS H

L OEHEN 21T - 72, W ORBERE 2 AbE 512
®, Japan DRLs 2015 D% & T3 JART 201307 —
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JiE#8~ 8% CTDIvi:0.89, DLP:0.87) %3 U TaFill
LT 5. A & BEIME 2 S0~60kg & L72Tew,
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D12 (Table 3). Wiz, #ENENO CT #Ei
BT B 753—1 v 2 4 vfli (LU, KANAGAWA
DRLs 2016) t Japan DRLs 2015 # F#g L 70K %
Table 4 (2777, Japan DRLs 2015 & b SuofiEr
NV ERSIEAF vy 7 a b aviZ/RREE1~5m%
DODLP Th 12, ZOMDAF v > 7 m b avTIRH
FFIHMERORE L Lo 7.
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PP EL R 72IcH DIP AR Ko e EHEERT 2.
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PZILS WD 7 —ADESHL I EABRLTV 2]
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TR E 512109 FED 5 b 61% OFEHE I IR HHE
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CTEST L TC. 2 ORSR, BRI 26%, HEki 76%,
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90% k72 Y, PRI HENTER, IRPHEEL T T
b2 OMHEILCZ EDW S H E 572 (Fig.2).
Matsunaga 6 (= & 2 15> T, BHER & AR (R



#FICT7 Y — MREC SIS RRERICNT SERENBRSHREOES

Table 3 Comparison between JART dose survey 2013 and KANAGAWA 2016

Scan protocols oharactenitios Scanners I inGyon] doviation testresuts  pvalue
CTDlol Routine brain JART 2013 247 71.8 23.0 NS 0.874
KANAGAWA 2016 82 72.3 29.2
Routine chest JART 2013 285 13.0 5.6 ok 0.00001
KANAGAWA 2016 85 10.0 4.7
Abdomen to pelvis JART 2013 287 151 5.7 * 0.018
KANAGAWA 2016 73 13.3 6.0
Coronary artery (helical) JART 2013 136 80.0 53.6 * 0.023
KANAGAWA 2016 24 54.3 241
DLP Routine brain JART 2013 250 928.1 391.1 Ak 0.0003
KANAGAWA 2016 82 1,103.9 347.4
Routine chest JART 2013 282 460.0 216.2 ok 0.002
KANAGAWA 2016 85 379.9 153.9
Abdomen to pelvis JART 2013 287 591.6 293.4 NS 0.275
KANAGAWA 2016 73 632.3 244 .4
Coronary artery (helical) JART 2013 135 1,008.0 473.8 NS 0.520
KANAGAWA 2016 24 938.7 543.5

test: Student’s t-test
NS: not significant
*#*p<0.001, **p<0.01, *p<0.05

CTDlhe: volume computed tomography dose index [mGy]
DLP: dose length product [mGy cm]
JART 2013: Results of The Japan Association of Radiological Technologists dose survey in 2013

Table 4 Comparison between KANAGAWA DRLs 2016 and Japan DRLs 2015
Japan DRLs 2015 (CT) KANAGAWA DRLs 2016 (CT)

Scan protocols

CTDlvol DLP CTDlvol DLP
Routine brain 85 1,350 78 (77.9) 1,300 (1,267.4)
Routine chest 15 550 12 (11.1) 450 (438.4)
Chest to pelvis 18 1,300 14 (13.8) 1,000 (980.8)
Abdomen to pelvis 20 1,000 16 (156.4) 750 (715.4)
Hepatic dynamic 15 1,800 16 (15.6) 1,850 (1,809.4)
Coronary artery 90 1,400 75 (74.4) 1,250 (1,203.5)
Child Head (<1y.0.) 38 500 33 (32.3) 500 (474.7)
Child Head (1~5y.0.) 47 660 48 (47.3) 850 (837.9)

CTDlwor: volume computed tomography dose index [mGy], DLP: dose length product [mGy cm]
Japan DRLs 2015: diagnostic reference levels based on latest surveys in Japan
The 75th percentile is shown in parentheses for KANAGAWA DRLs 2016

) DIRMEAREEZNZNK15% ERB5% TH -7
L LT s, AREOIR ZFEEL TR 0EE S
B 1A IR RIS B A 15%, AREha’ 43%
ThY, BIBOMEIECRERE Rotcicw, IRPHE
FELTORVCEBRYPEDIMHETH S LHET 5.
L% DB 1 2 IROBGECRD L 2 Wi+
55T, IRPEELTOVIEEDOHFTIRZMAL T
CREEPEDORED LD, HHCMEHL Thv N
HWEPEOHEDLL2DO»FHETXETHY, A¥x mIR  OFBP
y7abanliczn o o yitET 5 2 Lk, IR
DY) L FHHEE DO EEE LI 22 LE 2 5.
FHER - % W TIRDERRISHA A TV v 2 IS

Routine brain

Routine chest

Chest to pelvis

Abdomen to pelvis

Coronary artery

Fig.2 Relationship of IR usage rate in each
protocol, showing the actual usage rate of
IR equipped scanners

DT, R EDSMRC & o T2 THEL
E A v M 7 A MEBOBMAEME T £, EHEO
HHWIRET 7 AF v — AL 5 2 L IRDERW
BREELTHMONTH Y Y, HEEOFETIE, KA
HEHBEOMHCa Y b T2 b2 BHRTHRED ) Off
I RS OB B TH 2 Lo 0 E

IR: iterative reconstruction, FBP: filtered back projection

2o T, BEBO IR oo T 5 LHEEET
%, =T, ZHL A I 2 IROBWAEE
CET AR O THEL TH Y, Mo,
BEPEICA S ML T2 2 L2 6, SOtk O5)

¥ Al & 29 (365)
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AETE, IREMEALTORLEOHMELT
FEVRIA by & TR AR OBIRB 2 3E L 7247,
B CF = w2 ANICHiEED S o nicicw, i
FricdswTid TP b8 g <AL 2B L
TaHtiZ 7o 7. 2 DGR, IROMAHIZ >V TH
i, WES, M~ B ~E i EERG, T
Bk S THIE R, & O THEEIN B &
OIS, B ERl->THY, L DAF v TR
FaviiEC TSP R EikL TU iR L

n=16 n=49 n=44 n=43 n=36

100%

80%

60%

40%

20%

0%

Routine head Routine chest Chest to pelvis  Abdomen to pelvis Coronary artery

©1Image quality improvement = Image quality and dose reduction —® Dose reduction

Fig.3 Percentages of use purpose of IR and the
number of scanners in each scan protocol

o7 (Fig.3). IR EMmEDOBRIZOWT, IRZfEH
L 7CHE L FBPREOME 2 LR L 7245 R % Table 5142
AR OBNGHER, WER, M~ B ~EE d
BkiZ% T, CTDLwo*DLP3LIZIR & FBP ORI A
HARPROL P IROBHHEKE LT, ™IS
g, 2 HEgE LIcHE L FBP 2 ik L 7o R % Table
6LIRT. BUE R E HIYCAEH L TO 2 IRFEE O
HECRS T HEAZRD Lo 1.

IR 23 HRAKIR 2 W HE & 9 2 MR P LT & L C
ERLTETC22820b0oT, HEROPREHRET
H5FBP LR OABAEPED L - ICERIC
DUT, KEL2200HMPBHL LEX .

12HL LT, MEPRE(LT 28 H0T, Bk
REZHIR L L GME IR T 2 S LR>BEZ TRV
L ons. IRPERIGHT 512570 Y, R
WHomES 7 —F7 7 7 MERZ EIIE 28T 5
HITHAT 205, &2 CIERHRERO T E LT
T 202EHMIZ L > TIRES 1A DS, £ DFERE
I CAMET 2 2 L. B2 D B Mgk TIROME
FIHR 2RI E L7230 &, BRI 2 B0 L

PG R B LTV 2, 7 ORI IZ R

DFECHARNUSHREAL L > T, Shtiskhtorp
TRELAIERIIELIEPEZOND. ZOMEIX
LTV 2 HENR Y A= IROFHPLBRIELZ L -
TH%b2 2 EPBESNS. SHROIRMEIZOCT

Table 5 Comparison of reconstruction methods in KANAGAWA 2016: IR vs. FBP

CTDlvol
Number . 25th ; 75th - Coefficient
Scan protocols Etfﬁgtri]én Iellnl]rgl;}um percentile ’Eﬁn?g'a]n percentile lE/Iaéln]\um 'Eﬂeén] g;%?g?;g of variation tz:tl i P value
scanners [mGy] Y1 ImGyl ey s [9%]
Routine brain IR 14 37.2 51.5 58.6 69.3 83.1 59.4 12.0 20 NS 0.0545
FBP 63 17.8 55.6 70.3 81.0 195.5 75.7 31.6 42
Routine chest IR 42 41 7.6 9.7 10.3 16.2 9.3 2.2 24 NS 0.492
FBP 38 2.0 6.2 9.9 11.6 32.3 10.1 5.3 52
Chest to pelvis IR 41 5.9 9.8 10.6 13.3 22.5 11.6 3.2 28 NS 0.641
FBP 32 3.9 9.7 114 14.4 35.7 138.3 6.5 49
Abdomen to pelvis IR 33 4.7 9.9 12.2 15.2 24.6 12.5 4.3 34 NS 0.922
FBP 36 4.7 9.6 11.8 156.9 39.5 13.5 6.8 50
Coronary artery IR 28 2.8 27.4 45.6 67.7 134.3 48.3 30.3 63 NS 0.413
FBP 7 14.8 38.3 62.8 76.1 92.1 56.9 26.3 46
OLP Numb 25th 75th Coefficient
umber - t ; t : oefficien
Scan protocols gtfﬁgt?c;n Ielllrgmum] percentile IE/Ieglan ] percentile IE/Iaélmum] IE/Iegn ] ggri]adtiac;g of variation t::hlts p value
scanners MY S gy o] MMAY CMY TGy gm)  tMEY emi ImGy em (%]
Routine brain IR 14 575.5 839.7 1,001.7 1,2732 1,665.6 1,046.0 300.2 29 NS 0.499
FBP 63 255.8 953.1 1,093.1 1,249.6 22927 1,103.5 350.9 32
Routine chest IR 42 175.5 304.8 386.4 438.8 581.9 377.7 92.1 24 NS 0.542
FBP 38 65.5 258.5 370.8 426.1 855.3 360.7 1541 43
Chest to pelvis IR 41 389.6 683.8 837.5 970.9 1,3495 824.4 209.7 25 NS 0.937
FBP 32 262.3 670.0 798.4 1,004.8 1,754.5 856.8 315.6 37
Abdomen to pelvis IR 33 2241 464.4 607.2 725.6 1,021.3 613.3 194.3 32 NS 0.921
FBP 36 210.3 473.3 585.7 683.8 1,219.0 634.1 263.0 41
Coronary artery IR 28 51.4 373.5 610.5 955.2  1,940.1 742.3 507.2 68 NS 0.341
FBP 7 225.5 556.5 1,087 1,335.1 1,749.5 977.9 521.1 53

CTDlwoi: volume computed tomography dose index [mGy],
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DLP: dose length product [mGy cm]

test: Wilcoxon rank sum test
NS: No significant



#FICT7 Y — MREC SIS RRERICNT SERENBRSHREOES

Table 6 Comparison of reconstruction methods in KANAGAWA 2016: IR (used for dose reduction) vs. FBP

CTDlvol
Number I 25th ; 75th . Coefficient
Scan protocols Reconstruction  of ’EAnTG";]um percentile 'Eﬂr:g'?n percentile lE/Iaéln]wm 'Eﬂeén] géf,?a(iiaéﬁ of variation It_gzhlts p value
scanners [mGy] Y [mGy] ey Sy [%]
Routine brain IR (dose reduction) 5 37.2 47.4 55.7 66.2 83.1 57.4 156.0 26 NS 0.261
FBP 63 17.8 55.6 70.3 81.0 195.5 75.7 31.6 42
Routine chest IR (dose reduction) 23 4.1 7.3 8.5 10.2 13 9.1 2.5 27 NS  0.349
FBP 38 2.0 6.2 9.9 11.6 32.3 10.1 5.3 52
Chest to pelvis IR (dose reduction) 21 5.9 9.2 10.5 12.4 17.5 10.8 2.8 26 NS 0.25
FBP 32 3.9 9.7 11.4 14.4 35.7 13.3 6.5 49
Abdomen to pelvis IR (dose reduction) 15 4.7 8.4 10.1 15.9 195 1.7 4.8 41 NS 0.351
FBP 36 4.7 9.6 1.8 15.9 39.5 135 6.8 50
Coronary artery IR (dose reduction) 12 2.8 26.2 32.0 74.4 98.5 43.7 29.5 67 NS 0.425
FBP 7 14.8 38.3 62.8 761 921 56.9 26.3 46
oLP Numb: 25th 75th Coefficient
umber i 1 ; tl - oefficien
Scan protocols  Reconstruction  of ’EAr:gr;Lcjm] percentile ’Eﬁn?glagm] percentile 'EAn?é'm””} IE/Iegn ] gé?,?:}?gﬂ of variation :gzhlts p value
scanners [mGy cm] Y [mGy cm] e [%]
Routine brain IR (dose reduction) 5 575.5 715.5 1,047.4 14159 1,665.6 1,096.1 391.2 36 NS  0.926
FBP 63 255.8 953.1 1,093.1  1,2496 2,292.7 1,103.5 350.9 32
Routine chest IR (dose reduction) 23 175.5 286.8 353.7 399.7 561.6 364.3 98.8 27 NS  0.994
FBP 38 65.5 258.5 370.8 426.1 855.3 360.7 154.1 43
Chest to pelvis IR (dose reduction) 21 389.6 635.4 795.5 948.5  1,095.9 7741 197.0 25 NS  0.544
FBP 32 262.3 670.0 798.4 1,004.8 1,754.5 856.8 315.6 37
Abdomen to pelvis IR (dose reduction) 15 2241 396.4 510.1 829.3 946.7 575.8 231.7 40 NS 0.374
FBP 36 210.3 473.3 585.7 683.8 1,219 634.1 263.0 41
Coronary artery IR (dose reduction) 12 51.4 385.7 5209 1,210.3 2,568.8 835.4 735.2 88 NS  0.375
FBP 7 225.5 556.5 1,087 1,3356.1  1,749.5 977.9 521.1 53

CTDlwr: volume computed tomography dose index [mGy], DLP: dose length product [mGy cm]

RO AEHT 2D TR, IROMHHSH
ABEORM PR ST A L L bC, HE S  pg
% benchmark dose (BD) D& & % ZEMERED
T2 ERE LI, H L OBERRERC & 2 3Rl
FEL IV,

2oHE LT, LS 1 Catphan 7 7 » b 2 %4
ML 7:SDAEDFHI & v, IRD /A4 AR 50%
TKalra & * % Shin &6 * QMG LAETH 0L L
TVsh, HEMETIEXIR EFBPOAEAYBD L
Dol LB LTVS, 2O EG, IROBRAKR
BRE 7 7 o b AEBRIZ VT S0% 278 5 YA
RE3RLZ 100, BHEL OFDECPEEIILS
FERROBAL T, KRB AR U TR -
TORMEEEDH 2. LLE LY, IR B EALR 2 ]
LT 2RT o enidd s DD, Stk g
LSRRI B0 T, TERR D TR (R 5 2 5l &
MR E S L I ORAED K S B 2 WD
HHICHD, THIERL GHET RS ThHs EER 5.

4, THFEERER

BEBBED CTHEE »HE L TV 5 EREEIEZ, T
LTV 2EE2ESE TOREL L ->THY,
KL HRETR L2 P EEBELP R LI LTOR

test: Wilcoxon rank sum test
NS: No significant

Vo BRR TRRE) L T 2 IR CT 2B O RE/ 70 it i
AR, SR O % KL 570 LIS DR
PLHETHS.

5. #& &

KANAGAWA 20163 Japan DRLs 2015 & -,
AN 1 ~Si 2 bR & ST O L N v Th -
12 IRIZDWVTIX, A% v v 7 a b avpilic IRSEHESE
OEE L 2 OMHIE, 2 L THABNE OBIFRIZONT
ozl E6IIRIEINETD7 7> b L%
IR s TR 2R T 2 2 L2 RET
HHERSNTEID, AHEFAIETIX IR OFEE
IR~ DFGIXREMTH -T2, ZO#EL CHIRZ R
T 27001, FBUE LIS ENIOR L ool
ALDOFEPVETDH Y, SHROMZERFECHIREL 72w,

6. FlmiEx

SR B L TR~ & BRI 2L,
5o

BRI SRL S B T IR O B

BOES &, 2 5T — XTI R e 7a e 7e 2B

¥ il @ 31 (367)

08



$ ﬂﬁ' Arts and Sciences

Wif§t o & —aflifihblic, WOEHEHL RS

AFRARE, AL AR B & O R

B Ol E R R & O B L B HRRR)
(24 2 BRI < Sl b gD —BRE L THEML 7.

ROFHA

Table 1 #R)ICT7>o —REER

Table 2 #R/NICT7 Vo —hRAERER (KANAGAWA 2016)

Table 3 JARTICKZ#R2FE (2013) EKANAGAWA 2016
DLLE

Table 4 KANAGAWA DRLs2016 (75/\—t> &1 )U{E) &
Japan DRLs 2015MDth#R

Table 5 KANAGAWA 2016ICHBIF BB AEDENICEK
DIRELE | IRZERLTVWDEEEFBPEEDLLE

Table 6 KANAGAWA 2016ICHIF2BERAEDENICK
SIREBHE ; IREHIIIEFENTERLTWNSDE
EFBPD LB

E DEEA

Fig.1 &N\YY—(CHIFBIHKICH T BCTERERDD T

Fig2 &XFvY7ORIICHIFDIREREDRERK ; 2%
BEIREEEE(ICH I DIREAKDLLE

Fig.3 &XFv>7ORIIICHIFBIROERBMEMEER
DEE

253

1) BR71VE—"TMhe R EFZCHIDRIROKESL
£ (ICRP Publ.73). ®®R, BAZrYh~—Tis, 1997.

2) International Atomic Energy Agency (IAEA): Interna-
tional basic safety standards for protection against
ionizing radiation and for the safety of radiation sourc-
es. |AEA Safety Series, No.115, 1996.

3) European Commission: COUNCIL DIRECTIVE 2013/
59/EURATOM of 5 December 2013. Available from:
https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?
uri=0J:L:2014:013:0001:0073:EN:PDF (Accessed
2019.11.12)

4) International Commission on Radiological Protection
(ICRP): Diagnostic Reference Levels in Medical Im-
aging. ICRP publication 135, 2017.

5) BEAMIHRKAS R REHREEECDOIHDERE
BATRSAY, 12-139, XHE, 2009.

6) ERWREHARERRYT—2 (J-RIME) @ RFODE
RNERFEBRICEDIBHSELANILDOKRE (DRLs
2015). Available from: http://www.radher.jp/J-RIME/
report/DRLhoukokusyo.pdf (Accessed 2019.5.15)

7) EERFEF<HAREBERRYFT—2 (J-RIME) : BERDZM
S Z LN (2020%FhR). Available from: http://www.
radher.jo/J-RIME/report/JapanDRL2020_jp.pdf (Ac-
cessed 2020.08.01)

8) BAT7AVE—THs R CICHIIDEEREODER
(ICRP Publ.87). R, BHATZAY~—TiH%, 2004

9) HAZEMRE : CTREICSDIEEHIFDERICET DR
=. Available from: http://www.scj.go.jp/ja/info/kohyo/
pdf/kohyo-23-t248-1.pdf (Accessed 2020.5.12)

10) Beister M, et al.: Iterative reconstruction methods in

32 (368) & HARZHBEHRBMAHE 2021, vol.68 no.822

X-ray CT. Physica Medica, 28(2), 94-108, 2012.

11) F Edward Boas & Dominik Fleischmann: CT artifacts:
Causes and reduction techniques. Imaging Med, 4(2),
229-240, 2012.

12) Stiller W: Basics of iterative reconstruction methods in
computed tomography: A vendor-independent over-
view. Eur J Radiol, 109, 147-154, 2018.

13) Willemink MJ, et al.: Iterative reconstruction tech-
niques for computed tomography Part 1: Technical
principles. Eur Radiol. 23, 1623-1631, 2013.

14) Willemink MJ, et al.: lterative reconstruction tech-
niques for computed tomography Part 2: initial results
in dose reduction and image quality. Eur Radiol, 23,
1632-1642, 2018.

15) Lucas L, et al.: State of the Art: lterative CT Recon-
struction Techniques. Radiology, 276(2), 339-357,
2015.

16) VILF RS A ACTHREMR L EPart 2 1 ATIHER, 42
(11), 491, TLA - 1—REH=, 2015,

17) International Electrotechnical Commission 60601 -
2-44, Edition2.1. Medical electrical equipment- Part
2-44: Particular requirements for the safety of X-ray
equipment for computed tomography, 2.1 ed. IEC
International Standard 60601-2-44: |[EC: Switzerland,
2002.

18) EE#HEI<HARBTRRY ~T—2 (U-RIME), ZMsE
LANIWD—=F2TI)—T  RIFOENEERRAETERC
HEOKEZHMEELANILDFRE (Z2D2). Available from:
http://www.radher.jp/J-RIME/report/DRLkyotusiry-
ou-2.pdf (Accessed 2020.4.04)

19) Watanabe H, et al.: A new shielding calculation meth-
od for X-ray computed tomography regarding scat-
tered radiation. Radiol Phys Technol, 10(2), 213-226,
2017.

20) Kanda Y: Investigation of the freely available easy-to-
use software ‘EZR’ for medical statistics. Bone Mar-
row Transplantation, 48, 452-458, 2013.

21) RS, M PEREE ERRIE<ARSIVWET X
#RCT1. HmURES, (61), 737, 331-335, 2014,

22) Fukushima Y, et al.: Prefecture-wide multi-centre radi-
ation dose survey as a useful tool for CT dose optimi-
sation: report of Gunma radiation dose study. Radiat
Prot Dosimetry, 167 (4), 519-524, 2015.

23) International Commission on Radiological Protection
(ICRP): Managing patient dose in multi-detector
computed tomography (MDCT). ICRP publication
102, 2007.

24) Matsunaga Y. et al.: Survey of volume CT dose index
in Japan in 2014. Br J Radiol, 88(1052), 2015.

25) ZHEER, M @ SUENEECTREICHFDEIELUL
FBEEEEOBRE. BMEFES 71(11), 1090-1095,
2015.

26) & E M —mREFOERKIIKDOpEERELT D
DR FIY—UR—X (BD) DIRE. HBIRER, 74
(5), 443-451, 2018.

27) IRIRER, fb : BT 7Y RAERVERERNACTR
ZICHIFBERELBEBEECSDHIIERDIES. H
BEFE, 71(12), 1201-1208, 2015.

28) Kalra MK, et al.: Radiation dose reduction with Sino-
gram Affirmed Iterative Reconstruction technique for
abdominal computed tomography. J Comput Assist
Tomogr, 36(3), 339-346, 2012.

29) Shin HJ, et al.: Radiation dose reduction via sinogram
affirmed iterative reconstruction and automatic tube
voltage modulation (CARE kV) in abdominal CT. Ko-
rean J Radiol, 14(6), 886-893, 2013.



