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The question:

.. Paediatric Heads routinely
Siemens Definition AS+ on Siemens Definition AS+

What are the doses?

et qUiliion One : ¥ Can activity move onto the

Toshlba Aquillion One?
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Acquiring study & patient info — The hope
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Acquiring study & patient info — The reality

Simples!
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PACS search

CT Heads

All patients

Both scanners

22 month period from 1%t January 2016
DoB after 15t January 2000

Get the data

Siemens Definition — 152 studies
Toshiba Aquillion One — 20 studies

467
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Criteria for general acceptability:-

2.2 Paediatric CT examinations

Examination Clinical Scanregion/ CTDly, per DLP per complete
indication technique sequence examination (mGy cm)
(mGy)
Home . Diagnostic radiology: national reference levels (NDRLs) Paediatric head: Trauma All sequences 25 350
4 0-1 yl
Public Health
England
Paediatric head: Trauma Allsequences 40 650
>1-5y!
Guidance
- - - - - .
Natlonal DlagnOStIC Reference z;edilatrlc head: Trauma Allsequences 60 860
y!

Levels (NDRLs)

Published 22 January 2016

Values taken from PHE-CRCE-013: Doses from computed tomography
(CT) examinations in the UK (2011 Review).

Table 10.2b. European DRLs for computed tomography. EDRLs for head CT refer to 16 cm
phantom and EDRLs for thorax and abdomen for 32 cm phantom. DRLs refer to a complete routine
CT examination (one scan series).

Computed tomography

-~ . N . Exam Age or weight EDRL
. ‘ b] A i‘,l C
. : _L:RE]P[ \N D ! .J[}.Ou E group cTol,,, DLP,
: REFERENCE LEVELS FOR mGy | mGy em
: Head 0-<3 months 24 300
: PAEDIATRIC IMAGING e
1-<By 40 505
By 50 650
Thorax <5 kg 1,4 35
5-<15 K 18 50
European Guidelines on DRLs for Paediatric Imaging 15.<30 kgg 2:? 70
. 30-<50 kg 37 115
Final complete draft 50-<80 kg 54 200
Abdomen <5 kg 45
5-<15 kg 3,5 120
15-<30 kg 54 150
30-<50 kg 73 210

50-<80 kg 13 480




So | have;

Sufficient data (?) to analyse

Benchmark dose metrics from available DRLs
Age ‘ranges’ for groupings

Dose and age data from PACS

So far so good

...but still need to compare machines
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Siemens Definition scan protocols

Topogram and Scan Protocol information

Scanogram

Beam orientation

kVp

Head / Body mode topo

Scan

Protocol names

Scan options

kv

Slice thickness mm
Pitch

FoV mm

Scan time msec

Filter types

Convolution kernel
Acquisition type

Single collimation width
Total collimation width
Exposure modulation type

Siemens Definition AS+

AP
120
Head (S)

Otobyrs_Head Spiral
Spiral
100

0.5

0.8
500
1000
Flat
H41S
Spiral
0.6
384
XYZ_EC

AP
120
Body (L)

1A_SPIRAL_BRAIN
Spiral
100/120
4

0.55
500

500

Flat
H42F
Spiral
0.6

12

Z EC



Dose sheet — Siemens Definition AS+

i -

29/07/2008

10-Apr-2017 01:01

Ward:

Physician:

Operator:

Total mAs 3249 Total DLP 647 mGycm

Scan kA mAsS

Patient Position H-SP
Topogram
Head

10/04/2017 01:08:18

CTDIval* DLP
mGy mGycm

013 L
4590 %S

Image no: 1 * L=32cm, S=16cm

C:200.0, W:50.0
C=200.0, W=50.0 1711

10/04/2017 01:08:18

A D>

QA, CTIP1
3




Toshiba Aquillion One scan protocols

Topogram and Scan Protocol information

Aquillion One

Scanogram
Beam orientation Dual AP & Lat Dual AP & Lat Dual AP & Lat Dual AP & Lat
Kvp 100 100 120 120

!
Scan
Protocol names Brain Baby 0-2yrs (Volume) Brain Child 3-5yrs (Volume) Brain Child 6- 12yrs (Helical} Brain Helical
Scan options Volume Volume Helical Brain Helical
kK 100 120 120 120
Slice thickness mm 0.5 0.5 1.0 1.0
Pitch - - 0.656 0.656
FoV mm 240 240 240 240
Scan time msec 500 500 750 730
Filter types Small Small Small Small
Convolution kernel FC26 FC30 FC30 FC30
Acquisition type Sequenced Sequenced Spiral Spiral
Single collimation width 0.5 0.5 0.5 0.5
Total collimation width 100 140 16 16

Exposure modulation type AIDR3D - 5TD AIDR3D - 5TD 2D 2D



Dose sheet — Toshiba Aquillion One

L%Z Quick Window - Quality Assurance Mode
File View Tools Window Help

| J s 2 Lo T 2
Close lnfonE;rat... M:m 1 = < Moni i Text Dis’tfnce SEI:'I'III

Study Date :201 6/04&5)&104/561125'?’?,} 25;8

09/12/2015 % i rr. D

1.Brain Child 6 - 12yrs (Helical)

#of CTDivol DLP Total
scan(s) (MmGy) (mGy.cm) mAS

No. Protocol

1 DualScano 1 31

2 DualScano 1 31

2.Brain Child 6 - 12yrs (Helical)

#of CTDlvol DLP

No. Protocol scan(s) (MmGy) (mGy.cm)

1 DualScano 1
DualScano 1

Helical

04/04/2016 15:18:20
Image no: 2 QAH CT2, CTOP2
Image 2 of 2 P.2/ 4




The analysis
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Median spiral head 'doses' compared with EPiDRL Dose Reference Levels

Siemens Definition AS+

CTDIvol mGy DLP mGy.cm
Median of sample EPiDRL Median of sample EPiDRL

0 to <3 months

17.5 24 240 300
3 months to <1 year

20.2 28 310 385
1 year to <6 years

21.4 40 360 505
>b years

41.9 50 655 650

Toshiba Aquillion One
20 studies

Four protocols
Four age ranges

Not enough data




But ..how do the
machines compare?
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Siemens Definition AS+ CT Heads - DLP vs Age in months
(Jan 2016 - Nov 2017)
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DLP mGy.cm

Siemens Definition AS+ CT Heads - DLP vs Age in months
(Jan 2016 - Nov 2017)
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1000

DLP mGy.cm
8

100

Siemens Definition AS+ CT Heads - DLP vs Age in months - Two protocols

(Jan 2016 - Nov 2017)
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Siemens Definition AS+ & Aquillion One CT Heads - DLP vs Age in months

(Jan 2016 - Nov 2017)
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...and CTDIvol?
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Siemens Definition AS+ CT Heads - CTDIvol vs Age in months
(Jan 2016 - Nov 2017)
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Siemens Definition AS+ CT Heads - CTDIvol vs Age in months

(Jan 2016 - Nov 2017)
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Siemens Definition AS+ CT Heads - CTDIvol vs Age in months - Two protocols
(Jan 2016 - Nov 2017)
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Siemens Definition AS+ & Aquillion One CT Heads - CTDIvol vs Age in months
(Jan 2016 - Nov 2017)
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Something
else goingon?
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CSA cm2

Siemens Definition AS+ CT Heads - CSA vs Age in months
(Jan 2016 - Nov 2017)
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CTDIvol mGy
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Siemens Definition AS+ CT Heads - CTDIvol vs CSA for all protocols
(Jan 2016 - Nov 2017)
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Siemens Definition AS+ CT Heads - CTDIvol vs CSA for two protocols

(Jan 2016 - Nov 2017)
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Siemens Definition AS+ & Aquillion One CT Heads - CTDIvol vs CSA
(Jan 2016 - Nov 2017)

+
+
0‘ ‘1
g
&
A
k
Aquillion ONE
I I I I I 1
50 100 150 200 250

CSAcm2

300




CTDIvol mGy

8

&

M
o

10

Siemens Definition AS+ & Aquillion One CT Heads - CTDIvol vs CSA
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Odd spread on
the Siemens?
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The questionable ?
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The unacceptable?
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Siemens Definition AS+ & Aquillion One CT Heads - CTDIvol vs CSA
(Jan 2016 - Nov 2017)
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Siemens Definition AS+ & Aquillion One CT Heads - CTDIvol vs CSA
(Jan 2016 - Nov 2017)
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Same head size,
different
protocols?
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Recommendations / options:

Attention is given to achieving consistent positioning to prevent table structures or
attachments from affecting the topogram determined scan factors.

Continued use of the adult 1A_Spiral Brain protocol is evaluated for all patients below
age 14, to use instead the existing 0-6yrs protocol. Image quality should be reviewed
to ensure no adverse impact of such a change.

Consideration is given to adjusting the mA adaptation to increase the strength setting
to achieve greater reduction in dose for smaller head sizes, alongside an appraisal of
impact on image quality.

A newborn to 3 month protocol could be considered with a lower QRef mAs and or
lower kV.

Consideration should be given to implement recording of patient weight for all
paediatric patients, either in the scanner or on PACS.
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Clinical CT

Techniques and Practice
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Table 2.1 - Prowscol for routine brain scan

Table 2.2 - Basic pacdiatric protocol: meonate

Patient position Supine, head in head rest,
scanner gantry parallel o
radiographic baseline (RBL).
Head in centre of scan field.
(Lateral scan projection radio-
graph may be used if required)

Start position RBL

Protocol

Slice thickness 10 mm
Table increment 10 mm
Kilovoltage 120 kV
mAs per slice 300 mAs
ithm Standard

Scan field of view 25cm
Display field of view 25cm
Window width (WW) 150/100/580
Window level (WL) 40

Adapting technique to the pathology and the
patient

THE PosTEROR Fossa

When the clinical information clearly indicates a poste-
rior fossa or mid-brain pathology the slice width and
table incrementation are adjusted o 5 mm (or in some
cases 3 mm) o better demonstrate these areas, It may
be necessary to adjust the mAs per slice to 320 mAs
obuain a comparable image quality. For most adults
8=10 sections will be done on average. Begin the scan 1
em below and parallel to the RBL.

PAEDIATRICS

It is necessary 1o adapt techniques to suit the wide vari-
ety of child and infant sizes. Basic protocols for paedi-
atric use are suggested in Tables 2.2-2.4.

After 7 years of age the adult programme can be used,
with reduced mAs values unul the child’s head is
approaching adult size. (MNote that the skull vault will
have achieved adult size before the facial bones have
matured to adule proportions.)

Equally, it may be necessary to reduce mAs values for
very petite adults.

Patient position Supine, head in head rest,
scanner gantry parallel o RBL.
Head in centre of scan field,
Start position RBL
Protocol
Slice thickness 7 mm
Table increment 7 mm
Kilovoltage 100 kv
mAs per slice 100 mAs
thm Soft/standard

Scans field of view 25cm
Display field of view 20 cm
Window width 150/100/80
Window level 40

Table 23 - Basic pacdiatric protocol: & months-2 years

Patient position Supine, head in head rest,
scanner gantry parallel o RBL.
Head in centre of scan field.
Start position RBL
Protocol
Slice thickness 7 mm
Table increment 7 mm
Kilovoltage 100 kv
mAs per slice 150 mAs

Algorithm Standard
Scan field of view 25em
Display field of view 22 cm
Window width 150/100/80
Window level 40

Table 2.4 - Basic pacdiatric protocol: 2 years—7 years

Patient position Supine, head in head rest, scanner
gantry parallel to RBL. Head in
centre of scan field.

Start position RBL

Protocol

Slice thickness 10 mm
Table increment 10 mm

Kilovoltage 120 kV
mAs per slice 200 mAs
Algorithm Standard
Scan field of view 25cm
Display field of view 22 cm

Window width 150/100/80
Window level 40




The Image Gently Alliance

2. An adult head 1s examined at a technique of 140 kVp. 0.5 sec scan time, 400 mA.
pitch =1, and FOV = 25 cm. What 1s the appropriate technique for a one year old

head?
Head kVp= 140 | mA= 400 Time= 0.5 sec
Baseline: [ pitch= 7
PA Head
Thickness Approx mAs Reduction | Estimated mAs =
(ecm) Age Factor (RF) BL x RF (fitin)
12 newborn 0.74 148
16 1yr 0.86 172
17 5yr 0.93 186
19 med adult Baseline (BL) 200
Page 4 of 7
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PHE-CRCE-013 TABLE 10 (continued) Comparison by examination type of values of CTDly, (mGy) from the 2003

and 2011 national CT surveys: third quartile values for distributions of typical practice (mean
doses per CT scanner) and recommended national reference doses

Third quartile values for National reference doses for
Doses from Computed Tomography (CT) Examinations CTDlvoi per sequence (mGy)  CTDlvol per sequence (MGy)
in the UK - 2011 Review .
2003 2011 2003 2011
Examination Scan region/
P C Shrimpton, M € Hillier, $ Meeson* and s J Golding' (clinical indication) technique SSCT MDCT MDCT SSCT MDCT MDCT
'NUFFIELD DEPARTMENT OF SURGICAL SCIENCES, UNIVERSITY OF OXFORD, UK Chest.abdomen.pelvis®  Lung 10 12 _ 10 12 -
(cancer)
Abdo/pelvis 12 14 - 12 14 -
All sequences 12 13 13 (1) - - -
Paediatric head: 0—1y® Post fossa 34¢ 34¢ - 35¢ 35¢ -
(trauma)
Cerebrum 284 28¢ - 30° 30° -
All sequences  28¢ 284 26 (17) - - 25
Paediatric head: >1-5y* Post fossa 49° 49° - 50° 50° -
(trauma)
Correlations between size and dose for individual paediatric pat Cerebrum 42’ a0 - 450 4T -
illustrated in Figures 11 and 12 in relation to CTDl, and total DI All sequences 43 43¢ 43(18) - - 40
relationships (as indicated by the largest correlation coefficients  c..jatichead »5y°  Post fossa a5 B5? _ 65® 65° -
. . (trauma)
mass (Figures 11c and 12c), although all these trends remain re Corebrum 26" 4 B - - _
figures illustrating information concerning age include data (mar
All sequences  51° 514 61 (15) - - 60

in relation to the range of mean values of CTDI,,, (Figure 11a) a

for the samples of adults undergoing head CT at the different CT centres in the survey; the
vertical bar indicates the minimum and maximum mean values. together with the mean for this
distribution. It is evident that the dose indicators recorded for many of the children in the
survey, even those of younger age, are similar to the values of CTDI,q or DLP typically used
for examinations on adults. Indeed, subsequent review by some participating centres of their
paediatric data submitted to the survey unfortunately identified the local use of protocols that
were similar to those used for examinations of the adult head. Such analyses highlight the
urgent need for these centres in particular to implement specific protocols that are optimised
for imaging paediatric patients of different ages and size.

The optimisation of protection for all patients requires recourse to a range of protocols that
have been specifically developed for each disparate patient group (with due account of size) in

order to meet the particular imaging tasks for each type of examination (and associated
clinical indication) for the lowest possible levels of dose.
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PEDIATRIC HEAD — ROUTINE (SPIRAL) (selected SIEMENS scanners) (Back to INDEX)
L : . ; — EX)
TOPOGRAM: Lateral, 120 K\, 40 mA, from base of skull through vertex, angle to Reid’s baseline to avoid orbits PEDIATRIC HEAD — ROUTINE (HELICAL) (selected TOSHIBA scanners) {Back to INDI
GEMERAL:  Scans are provided within a maxinmum scan fiekd of 300 mm with respect to the iso-center. Mo recon job with a field of view exceeding SCANOGRAM: Lateral, 120 kVp, 40 mA, from base of skull through vertex, angle fo Reid’s baseline to awid orbits
thoseimits w il be possible.
(Gantry tit is available for sequence scanning, notfor spiral scanning. Gantry tilt is not available for dual source scanners. Use Kemel
Z30s for reconstructing Meonate scans. TOSHIBA A ONE/ Aqg ONE/
OME Vision ONE Vision
Note: Users may selecta manual approach or an ABC approach, according totheir sie's preference. [ T !
. Manual - scaling factors according to[1] are appled to an equivalent sduft protocol. Tube voltage settingis kept constant. = — Scan Type ilElica) JOIunle
. AEC — manufacturer recommended sefting, w here the exposure (mAs-as well as kV-value, f available) is automatically adjusted o patient Rotation Time (s) 075" 075
attenuation Detector Configuration 32x05 0.5
CT Pitch Factor | Detail (0.656) M
- Definition AS+ Edge Definition Aash Somatom Force Speed (mmirof} 105 FIA
SIEMENS FEE R {128-slice) {Dual source 128-slice) | (Dual source 192-slice) o o0
Rotation ime () 1.0° 1.0° 1.0 10* kv | SR 120 {tzf’uif ]}
h 25 =06 2B =06 92 x06
Detector Configuration (mm) 32x08 (54x06 =384) (64x06 =384) (96%0.6 = 57.6) Manual mA
Pitch 055 055 055 055 }2:;:';3_22335 %55:311155
L TEER 0-2yrs, 100KV
it 100 100 Manual ma | >2-6yrs: 125 2 Byra: 125
0-1yr: O0-1yr: 0-1y 0-1yr >5-16y=s: 160 6-16ws: 160
1-Zyrs: 1-2yrs: 1-2yrs: 1-2yrs: 2+yrs,120kV | =16+ 200 =16+yr: 200
Manual mAs approach 2-Byrs: 206 2-gyrs: 291 2-6yrs: 291 2-Gyrs: 248
B-16yrs: B-16yrs: B-16yrs: B-16yrs: ame, Mot Mot
162y 13 164y 582 164y 582 16y 4957 FTEposure approach | oo ded | dcommended
O-1yr: O-1yr: O-1y 0-Tyr:
e 1-2yr5- 1.2yrs- 1.2yrs- AIDR 3D AIDR 3D AIDR 3D
CTDhol (mGy) 2-6ws:35 2-5ws:25 2-6yrs:25 2-6ys:22 Scan FOV | 240mm (5) [240mm (5)
B-16yrs: B-16yrs: B-16yrs: B-16yrs: =
16+yr 69 16+ 50 164y 56 16+yr- 44 1"‘21;;222711 1[:'_' 21;;51?2
AEC ﬁpraach CTDlwel imGy) 2-6ys: 362 2-6ys:36.3
T = = = N [
Quality ref. mas 413 582 582 4951 T e T ETETT
CARE kv [ A (USE KV imm an “aN “an Type Volume Tolume
manual approach) 3* | Pediafric Brain Pediafric Brain
CTDlvol (mGy) | 35 (with 208 maAs)® | 25 (with 291 mas)® 25 (with 291 mas)® 22 (with 248 mAs)*® Image Thickness (mm} 05 0.5
FReconsfucionInienal (mm) 03 03
RECOM 1
VOLUME RECON - BONE
Kemel H31 . H3_1 . H31 . Hra0(3)® Twe Wolume Volume
J30(2) J30(2) J302) == | Pediamic Bone | Pediatic Bone
Slice (mm) 50 2.0 5.0 2.0 Image Thickness (mm) 05 05
Position increment (mm) 50 50 5.0 50 Reconsinclion Intenval (mm ) _ =
RECON 2 REFORMATS: The following reformat table applies to all of the Toshiba volume reconstructions abowe.
ernet [ R0 T = Hrse)*
p— REFORMAT 1 REFORMAT 2 | REFORMAT 3
Slice {mm) 50 2.0 5.0 50 Tope Fozal To 1 Sagial
Position increment {mim) 20 20 5.0 20 Start| Base ofskull Anterior Left
* Shorter rotation times should be considered f the required tube current-time product (MAs) can be reached. End Vertex Posierior Right
® indicates thata z-ass “fying focal spof technique is usedto obtain twice as manyprojections per rotation as detector rows 10 [ Pediatric Brain Pediatric Brain | Pediatric Brain
® with VR (Interleaved Yolume Reconstruction) to improve spatial resolution Thickness (mm) 5 5 E
®if scanneris equipped with automatic kY selection (CARE KY), this should be activated by selecting “On®. For head exams, a Interval {mm) 5 5 5
:“D_ose saving optimized for" slider posifion of 3 is recommended
. with ADMRE, SAFIRE or IRIS * Shorter rotation times should be considered if the required tube cument-time product (mAs) can be reached.
CTDIvol will be generated upon acquisition of the topogram. CAREDose4D will adjustthe mAsleff. mAs to the patientbased on
the topogram. CTDIvel values for any given patient should be comparable orlower than the values associated with the manual “*The *YFEIQ setti ing detem‘llnes the reconstruction FC as well as other post-processing and reconstruction options,
mAs and k' approach. The value in brackets is the value for a 20 kolSuears old child e P i o S il fer tothe manufacturer default settings.
LD\ ~verican AssociAToN : 2
The disclaimer on page 1 is an integl ?V of PHYSICISTS IN MEDICINE ERES age 1 isan integral part of this document.
Copyright © December 14, 2015 by ber 14, 2015 by AAPM. All rights reserved.
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Actions taken:

Head holder from earlier scanner withdrawn from use
Radiographer education sessions on positioning and immobilization
Protocol changes & additions

Weight recording commenced

Neonate 0 to 6 yrs reduced Qref mAs 320 (previously 513)
New Spiral Brain 6-10 years same as existing 0-6 spiral (513 mAs)

New age 10-16 Spiral 1A in the adult folder Qref 350 mAs and
CARE kVp on. (previous 410 mAs)







