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Larson DB, et al. Radiology 2011;259:793—-801.
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image
gently®

The Image Gently Alliance

v~ The Society for Pediatric Radiology

v~ American Association of Physicists in Medicine
v~ American College of Radiology

v~ American Society of Radiologic Technologists



‘Image Gently’ campaign

v CT helps us save kids' lives! . CT= oj0|SE T5H=0 E22 Zrt T

v~ But, when you image, radiation . 2L} GAIS IS = HIAIAMS AiZESHOF
mattersl! — 010|S2 HrAMMO| Cf BIZtSICt,
. . o — OlO|SOIIA| = WANS TiMof ZH Hake
— Children are more sensitive to radiation

— What we do now lasts for their lifetime

v~ S0, when you image, image gently |, gapy 1= ms me ‘seai wxp
- ©f 80| Hi= 2{0| o F& ick
~ 2 wo{o} FickH

* OlOIS & Z710fl w2t kvet mAS FstAL

+ B9 phase KIS SEiCt

+ TR R0t AxL

— More is usually not better







Akt Justification Z|™3} Optimization
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« International Commission on Radiological Protection (ICRP)
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Age: 3 years, Age: 7 years.
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(Diagnostic Reference Level, DRL)

AAER

2Bt X-ray S5 (AP) 1.0 £5 (PA) 0.1 24t (LAT) 0.8
(5MI) S5 (LAT) 0.8 25 (AP) 0.8
Ao} . Aot . Al240} v
(0-174g) | 162100 (0-174g) | 22) (0-174g) | 200
CT S22 MR ~1M 0 20(260°) HE ~ 1M | 3(45) 282 1HE~1M | 3(807)
2 ~ 5K 28(370") 2 ~ 5M| 5(100°) 2~5d | 6(180"7)
6 ~ 10M| 36(500°) 6~10M | 6(120°) 6~10M | 8(2407)




ofio| CT 24 DRL (U2l E 2017)

55 87 |5
CTDI DLP CTDI DLP CTDI DLP
mGyYfI (mGy—cm) (mGyvf)l (mGy—cm) mGyYf‘ (mGy—cm)
2M| ojot 20 298 3 45 3 80
2~5M| 24 405 5 100 6 180
6~10A| 30 494 6 120 8 240
11~15A| 63 1,088

/
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8, Chest PA - 2gkEo] sololA Al As]olo} e,
- Y% 3G FT78 4 Aolo} Bk
- A4 A7t FASR e R Ago] & T sojo} e
1) Purpose - A% 249} Ysh AR LE%e| Uehto} ).
T G WS - 5§oe AP ARYS) 5¢o) Yojo B}
Bl ol Sl o - 5% YAUE XYY doje) gjavio] BT Xe Slojo} g}
S A, s A - AR 82} 2700] WA Hslol s WYX HYao} Bt

2A4% 4 U 7) A3 219 9 : 0 kVp, 1 mAs
2) Central ray

- T-6 ®°0l9 AHFEWo|l Fog
Ut

3) Collimation size : 10" * 12” or 14" * 14"

4) Position
- B2 P A AAE At AFSE F ol FFE HHiAlA
uks /d FedlA §& Detector 9l E2jFa 749 JFue] +4
o2 FolA & g Ao FH dFor HUHES Eulto)
AFKos g3 & e FE& TN Aol LAFn FF AVE
HA g U ARG Y 28 Px ARV HEVE NEY F
A7) T8 W 3EHE U3 & F #98d

5) Protection
- Wolg 7|7E ol83te] B g HAM R9E A
6) Check point

- 3 97 WA depdol g
- H&e) 57t AP FEo| A o] Hojof gt
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X-ray Gently in Children

HIR/E Xt= HLY,
SIXE HESH |IR[AIZICH

GEL FH7H10-12 cm ECt 3 X| ¢22H gridE ARESHA| 4=LCL.
ZH M colimationS St

Gonad®} breastZ2 xm|sH ZC}.

q-

= ArEetitt,
@ O{Zlo]|2] F/H|of| E HAL 7[H XIES S0 1 ALE
L& QXiet 2HEE HESIT.

® Automated exposure controlS XZ&St ot

_E)
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Step 1. #ot2i= 2202 FH 57
Measure Body Part Thickness

« AR L|RF FHIE 2t
Knowing the body part and its thickness
- EFEIQS, BRE, Ot Me

Set the tube kVp, filtration, mAS

« 37| Qkx ZA} Sample Technique Chart
Abdomen
Specific examination to ] o | o | o e | e | e
approprlately Slze — 5—68:m 9—1727cm 13 7lgcm 18—;3¢m 24 825<.)<:m 30—83:cm 37;;4m
; mA 200 250 500 800 630 630 630
msec 10 125 125 16 40 80 160
mAs 2 31 6.3 128 252 50.4 100.8
FOCAL SPOT S S L L L L L
AEC OFF OFF AEC AEC AEC AEC AEC
SPEED NA NA S400 $400 S400 $400 $S400
DENSITY 0 0 15 1 0 -1 -1
FLTER 02 02 02 02 02 X 0
GRID N Y Y Y Y Y Y
DOSE("Gy) 2x 1.8x 15x 1.4x 1.1x 1.1x X
CELLS NA NA 2 2 2 2 2




Step 2. BEX}Q| XtM| Position the patient

- 0{2I0|E H™ebot XIME F[oHA| otct,
Proper position of children

(=) o
. 2xlg Folrt

Reduce motion

- AEES 22U

Reduce repeated exam
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Step 3. 22|E MEH Grid selection

« J2|E= SHI7F 12 cm O AN T{TOF AR
* Why?
- T2l ARtdg ofo} s1Elg F71617| Qs ARRSHE A

— 12 cm O[Sl0M= O2|== SRR B2t Al7|2 SdetE Sti= giS

Remove Grid Reduce radiation dose




Step 4. = M 2 collimation

- £35| digital radiography 2| 8%

« American Society of Radiologic
TechnologistsOil 2|5tH, 50%2| BiAL
MALZL 75%2] EHUA === TX ot

O|= cropetCta Hiigt Collimate before exposure
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[ -

Gonad and breast protection

Step 5. AJAIA{} QHE HTCH kL

* Poor collimation .
— =2 MRiMo| g |
* Images involving smaller radiation fields
— AN FHat AOF HX| ALO]S] Z7H=0] & > G

- [fEEN AESH MAIMTL QUIHSIHE AL25}

G0F et
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Step 6. AEC= XSt ot At

« AISL=E=H|EX|
— HE MRIo| AL AIE
— O{ZI0]0f| ZZCHE ALEA| 2X[7 &=
- ZH|0f| 2t
— O{2I0|0f| Al AECE= center sensor7t EAd5}
&|31 0t0[2] =0 Stte| sensor TAIE 7t
= & QU2 IR ARZZ[0{0F g
— A2 0fZI0]2 B2 ofRE 7[Ho| o £

0t0[2] 20| AEC sensor HICt ZCHH DY 7[Ho| o BCt
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* Tube voltage
* Tube filter
« Collimation

« Scattered—radiation grid



* Trunk of children { 65 kV

« Adolescents, thoracic diameter ) 15 cm, 125 kV

|
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LIE{ Tube filter

oX
re

Additional tube filter
2 mm Aluminum 1 mm Aluminum
0.1 to 0.2 mm Copper

o|fMgh Sof=tzo] gefo| glof 22 Ha
I ]
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- M2 ZAL gitHo| Bictz EA|ZAL ZEA
— LHAIZ, CT, MR
— & Barium enema — CHELHA|A
— Infantile hypertrophic pyloric stenosis (ZO0} H|CH &
2 &= Upper Gl studies — =20pZA}
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AJR 2011; 197:475 - 481
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Ten Steps

— "High—dose—rate” mode
— Radiation dose report — patient record
— Pulsed mode

— Proper shield for staff



Ten Steps

H X7t QF et A} 2Ate| ool 501 &t X| sty ot
= 2

OIALO|SIA HIEHO o= x| MZIs HEE L 25X

= O

— Child with non—bilious vomiting — Sonography
— Evaluation of IBD — MR enterography

— Management of Intusussception — Sonography




""@A@Am MEFZEA by

Ten Steps

2|0f| R0 FA| AlZEat Xt MES

0

=5

ALARA
= Q= AE2 MR AAE &H|gtct,

=O0I|
==

— Review the m

— Screening for pregnancy
F1 Frame rateE 7+s¢t ot R 2 U2 |FX|[siC
— The reduction of intussusception: lowest

— The diaphragmatic motion: highest

£o

edical and surgical history

B XZEst Grid AFS | |
— 4~5M|, 18~23kg O|Ato| Z=20iat grid7} ERSHH 1 Frame rate

O|Stol M= grid AFES X|etrt,
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Ten Steps

[ 7Issotet 52 ZAOFE AMSSITt.

— Smallest Electronic Magnification

— Field 28 — 20 cm: dose increase by nearly 100%

— St 2E AREA| 82X} o] B715H| 20| 7ts

o1 Al H2J0t collimationdhe HHEHE AFRSICY

2 HAZ collimate

— HXt 5= Y2 X—ray beamE EY 4= QEZE colimationS S,

— Colimation= o™ StXIe} AlsXt 25| HAMMO = ofot 2f3ls &8 & UCL

El 7153t st 8iXjE EHNA= ZHa| image receptorOif= 72| {Ix|AIZICH
— SIXIQ} tube ALO|7} HEZE MIEZEA
- SSD 51 — 65 cm
— SIXF YAMMEF : 62% ZA

o

f

(o]

F SR C2 ALRSHK]

.
-
]
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Ten Steps

E] Last image hold or ‘fluoro save’
— EAIE OHE mf 0fX|g AHES 2 AR
~ Spot & 31X L %
— No need for additional radiation
* Spot ARRIE €M SiXt MEe| FI7Pt FUIE210 AlZH X|H|= Qlsh
HetstA| Eol= ARRIS EX| X6l X &Bst= 471 S7Fetct. et

X “last image hold” 7|s& AFESHA AIRIE H7|=5 Sict,

a Image on the display monitor

Save !
Don’t shoot!
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Ten Steps

[ 2Lt de Fgefstat QAT BHoz Al 7[A2] X et
2| FX|of| =04aloF eftt.
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of2iojol|A CT Z4At

- OZI0|0|A CT ARZ L &7t One size does
« CT2L 2 E MZtot 2ol CHSE TR
olsh7t Ze T

Moo boom a2 e e
T "1 1 1 R N

« O{2I0|0f| A Z|E3 B Z2EZ0
CHSE OlH7F &

« MO AR} 2tXt7EIe| KA et '&_..-f ER

AE0| TR
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Plain + Fluoro

Intervention
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CT NM

1 Collective ED (person—Sv)
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CT ZAtel yetat

HEEA| Mot A AISH Perform only appropriate image
Risk vs. Benefit

Stelstat ofAtof|A| ZAE F consult

CESAIZ] AL Aiet
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ACR appropriateness criteria W

l.\l : MyACR ForPatients MediaCenter ContactUs AboutACR

AveRcan COLLEGE OF

RADIOLOGY ™ Cart | §] Catalog | @ Join | « Donate

Enter Your Search m

Clinical Advocacy and Lifelong Learning and Member Practice Management,

- : 2 Research LogIn
Resources Economics CME Resources Quality, Informatics 6

ACR Appropriateness Criteria®

ACR Appropriateness Criteria

The ACR Appropriateness Criteria’ (AC) are evidence-based guidelines to assist ACR
referring physicians and other providers in making the most appropriate Appropriateness
imaging or treatment decision for a specific clinical condition. Employing these Criteria’
guidelines helps providers enhance quality of care and contribute to the most

efficacious use of radiology.
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iIRefer

Making the best use of
clinical radiology

Provides the most appropriate imaging investigations or intervention
for any diagnostic or imaging pr

Access iRefer online

Welcome to iRefer

iRefer: Making the best use of clinical radiology, 8th edition is a synthesis
of evidence-based guidelines from UK and international sources and
provides recommendations for everyday use of clinical imaging services.

Referral guidelines can help referrers to request the best, safest and most

) %) Login Subscribe
Making the best use
of clinical radiolo
o Features

a8 Login Sign in with RCR account >

Please use the email address you have registered to log in. If you do
not have an account, you can create one. Subscribe

Sign in Forgot password?

Conforms to the highest evidence-based standards
Protects the patient from unnecessary ionising radiation

Provides recommendations based on current, evidence-based guidelines
focusing on those most relevant to primary and emergency care
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Diagnostic imaging pathways m

Search
Diagnostic Imaging Pathways n 0=

Home IMAGING PATHWAYS FXTITIR1 T T Radiation Training Module  Image Galleries  Information for Consumers  Production

Endorsements Personnel

Home » IMAGING PATHWAYS

Diagnostic Imaging Pathways - Imaging Pathways
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Patient-Based DRLs and ADs for Pediatric CT

South Korean Hospitals Hwang et al.

Effective | Lateral Body CTDLw SSDE DLP
Diameter Width (mGy) (mGy) (mGy-cm)
Examination (cm) (cm) DRL AD DRL AD DRL AD
Chest [28] <15 <18 1.8 39 2.1 28
151019 181023 2.0 45 3.0 52
201024 241030 32 5.1 34 80
251029 31t035 4.8 6.6 4.7 148
7.8 84 6.3 253
Abdomen [29] <15 5.0 34 12.0 8.0 106 88.0
15t0 19 5.6 4.1 122 8.7 162 124
20024 7.1 54 134 9.8 245 186
251029 9.8 8.0 16.4 13.0 418 328
>30 14.0 10.8 19.0 15.6 651 518
American college of radiology
TABLE 2. Summary of the CTDl,,;¢ and DLP
CTDI 4116, mGy DLP;s, mGy cm
cT Interquartile ~ Max/Min Interquartile ~ Max/Min
Protocol Mean Range Range Ratio Mean Range Range Ratio
Chest
Newborn 32422 1.85-5.84 -* 32 37.0+20.8 20-60 -* 3.0
<ly 36+23 08-7.2 1.3-5.7 9.0 720.0 +£5.7 12-166 30-121 138
2-5y 53122 1.8-94 39-6.8 5.2 128.00 £6.81 41-288 90160 7.0
6-10y 72+39 3.1-15.6 39-93 5.0 205.0+9.3.5 26-458 121-226 17.6
<15y 114+59 4.0-21.8 7.7-13.8 55 375.0+£199.5  148-800 248-474 54
Abdominopelvic
Newborn 5.1+45 29-10.2 ~° 35 93.0+74.8 46-205 -* 45
<ly 56+24 45-104 4.0-75 23 162+7.5 72-324 101196 45
2-5y 6.7+29 33-128 42-89 39 249.0+137.8 88-508 148-338 58
6-10y 10.1 £5.5 3.5-28.1 5.7-124 8.0 412.0+246.5 88-972 241-513 11.0
<15y 13.1+7.1 4.1-33.9 7.6-16.6 83 607.0+371.5 172-1714 369-780 10.0



O{210]9|A Dose Length

O| CTZAS] Matzta

Production

(DLP)&l conversion coefficients

Table 1 Normalized values of effective dose per DLP over various
body regions and (standard) ages, from references [15, 16]

All data normalized to CTDIw
16—cm diameter CT phantom

[ e
10 mm pencil chamber

L i)

Region of Effective dose per DLP (mSv mGy ' cm ')
OV N~ -
[ Children® [
1 I
: 0 years 1 year 5 years 10 years :
] L}
IHead 0.011 0.0067  0.0040 0.0032 !
eck 0.017 0.012 0.011 0.0079 :
IChest 0.039 0.026 0.018 0.013 1
Abdomen/  0.049 0030 0020 0015
I pelvis
B o o o ome o o o o e e e e S e e e e e e e o

_X| g_I-Ol ILIO
2) 4RI7|& DLP7t HA|=0 MEFO| AT}
E7 S 4 US

32 cm body PMMA phantom

PMMA plug

/)\ < peripheral hole

(& n‘<—centerho|e

16 cm head PMMA phantom

U



DLP conversion coefficients

24-Jun-2019 14:05 O4|A| 1)
?ﬁ;;adi:cian: WAG i O'I E'I_Iol'ol head CT 16 cm
Operator: CMH
e
Total mAs 1936 Total DLP 84 mGyem phantom 7|__"—_ CTDIvol0|
Scan KW mAs fref. | CTDwol* | DLP  TI cSL ﬁ7|5|0'10|: BUUDJ 32 cm

mGy nGycm s mm 7 - OE _7 =
Patient Position H-SP phantom =22 HUIE.
Topogram Sn100 28 mA 0.00L 0.1 2.0 0.6
Contrast
DE_Neck CE 2 70 170 /180
2 Sn150 44 | 51 2.0 842 0.5 0.6

Medium  Type lodine Conc. Volume Flow CM Ratio O:"A| 2)
magimil ml mlis

Contrast 0 0 0.0 100% O‘iE-I_IO|'O|9_| @9_ gﬂt:’_ CTE

Saline 0 0.0

16 cm phantom 7|& M2F §
A|=|0{OF SEX|TE

32 cm phantom 7|&2 =2 H
T 7|=]0] MEko| pATIHE,
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https://www.quickmedical.com/olympicmedical/circumstraint/papoose_boards.html
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2. QIXISt XHHI(FAIR)

Bowtie filter

Anterior

amount

Center of mass

Posterior

Isocenter
Increased dose RNt
S - Offcenter
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3.

O

- L M O| LO|== Hot =042t
c OIAN BX0|| 2 T2EZE AIR
« AOH0| =S TZEE AIE

« Body thickness, age, surface area, weight
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4. Single phase: St phasell £°isHH =2t
» 79| 2E AA7} §t phaselt #HsIH S22
- CESAI7| ZA} A3

phase is enough
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— Reducing tube voltage by 16.5% — reduce dose by 40%

oll) Abdomen CT 120 kVp — 80 — 90 kVp
0ll) Brain CT 100 kVp — 80 kVp

120 kVp




« Tube current (mA), proportional to the number of emitted photons

L BHRE W — SixpMzF 2

L AOKs 27|} oD W2 BN Met

oY
Tube Image

current Quality Image Quality can be
preserved



Bone kernel Soft tissue kernel



10 mm

5 mm



9. Iterative reconstruction
(S22 71 ALg)

ASIR(—V), MBIR
Philips iDose, IMR
Siemens IRIS, SAFIRE,
ADMIRE
Canon ADIR-3D

z2oll= ASXIsE 0|8

LO|=ZA 7| TN
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“In an imperfect world, perfection is not instantly available. Railroad safety, for
instance, cannot be secured by mechanical devices alone. It is primarily a resultant
of care and discipline.”

— Ivy Lee, Human Nature and Railroads, 1915.
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