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Graz – in the Center of Europe

Capital city of Styria
2nd largest city of Austria
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image 
quality

patient 
dose

You need some knowledge about influence of scan 
parameters on patient dose and image

 quality.

Why are you here /expectations?
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• Basics

• Planing

• Handling

• Contrast media

• Creativity

• Optimaztion 

• Conclusion 

CTDI

SSDE DLP
kV

Slice thickness

High contrast

Patient position

Volume
iv.CM  Excel 

sheet

positioning

HU treshold

HSTA
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Please stand up: 

E.Sorantin is:

A) Aging Rockstart from last millenium

B) Pediatric Radiologist from Graz / A
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Technology Patient

DoseHandling
••DRL
••CTDI
••DLP
••Range
••Conversion 

factor
••Radiation 

protection
••Contrast media

•• Medical history
•• Indication /clinical 

question
•• Emergency
•• Contrast media

••General state of health
••Anaesthesia
••Compliance
••Contrast media
••BMI
••Range

•• kV
•• mAs
•• Rotation time
•• Pitch
•• Kernel
•• Slice thickness
•• Dose modulation 
•• Iterative reconstruction

parameters
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TARGETS.....

• Patient tailored protocol
• ALARA
• Indication
• Patient body habitus
• Image Quality (eg noise)
• Slice thickness
• CTDI / DLP ->  Diagnostic Reference Values

• Tools:
• Enthusiastic, dedicated, well trained Staff
• CT Parameter
• HSTA (Halve Slice Thickness Approach Sorantin)



Medizinische Universität Graz, Auenbruggerplatz 2, A-8036 Graz, AUSTRIA, www.medunigraz.at

CTDI – what else?

Strauss, Goske Pediatr.Radiol 2011
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CTDIvol measures the average dose of a scan 
volume. 

Since 2002 it‘s mandatory to show the CDTIvol on 
the scanner. 

16 cm (HEAD) and 32 cm 
(BODY) PMMA Phantom with 
10cm bar-dosimeter

is a standardized measure of radiation dose output of a CT scanner which 
allows the user to compare radiation output of different CT scanners

CTDIvol
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is a measure of the x-ray exposure of the patient. It is related to CTDIvol, but CTDIvol 
represents the dose through a slice of an appropriate phantom. DLP accounts for 
the length of radiation output along the z axis

dose-length product

DLP = CTDIvol * Scanlength

http://www.google.at/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjN9tzt4e7TAhUHOxQKHVAkC2cQjRwIBw&url=http://giphy.com/gifs/wow-12DiT1uDvDVayk&psig=AFQjCNEP8sodvSkt_wJAzHFF2KxhWWYLlw&ust=1494829995956562
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Optimisation CT-Scanlength

What happens if we don‘t care?

Optimisation CT-Scanlength
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Size spezific dose estimates - SSDE

SSDE is an index of the patient dose 
CTDIvol is an index how much dose the scanner applicates 

Quelle:AAPM Report 2011
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usual 120-140 kV
depends on clinical question

CTAs 80kV or 100kV

kV and dose – quadratic relationship

120kV -> 80kV 
Dose reduction (2/3)2= 4/9 = 56%

120kV -> 100kV
Dose reduction (5/6)2=25/36 = 30%

tube voltage
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Tube current/tube current-exposure time product
• mAs direct proportional to dose

Double mAs = double dose to patient 
(same investigation, same ct scanner) 

Effective mAs
• eff.mAs = mAs/Pitch
• Dose not equal mAs
• Example: 100 mAseff with pitch 2 = 200 mAs
- In modern machines increase of pitch induces mAs adaption in order 

to maintain image quality  Pitch > 1 dose not automated lead to 
dose reduction

tube current, tube current-exposure time product, eff. mAs

https://www.google.at/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjO6LS2_u7TAhVMbRQKHc0fBY8QjRwIBw&url=https://de.wikipedia.org/wiki/Radioaktivit%C3%A4t&psig=AFQjCNFlmuOrs1B9r5K3t7voodgyKeGD6w&ust=1494837672877994
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Sorantin E, et al. CT in children – dose protection and general 
considerations when planning a CT in a child. Eur J Radiol 
(2012), doi:10.1016/j.ejrad.2011.11.041 

• Machine presets are too high - 
especially in children

• Dose can be 8 times of chest film 
• Check influence on automated 

exposure control
• Suggestion for optimization:

PA instead AP
PA and LAT if optimized - 
no dose increase

topogram
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Why do we need different protocols with different parameters?

• Varity

• Pathology

1 2

Kids are special
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radiosensibility
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• less retroperitoneal fat

• metabolism

• low contrast resolution 

• lower image noise – increase dose?  

body composition
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DNA double strain breaks
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head
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trauma inner ear

shunt
ventricular size   MRI
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Do you use the same protocolls for trauma and inner ear?

YES or NO

Do you need more dose (higher CTDIvol) for the visualisation of the 

parenchyma or for the bone? 

parenchyma or bone

Which organ is a high contrast organ? The other is the low contrast 

organ! 

trauma – parenchyma or inner ear - bone

trauma inner ear
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Slice thickness influences dose

Do you have a thicker slice thickness for the trauma = brain 
parenchyma 

or for the inner ear = bone? 
trauma – parenchyma or inner ear - bone

S.th: 5mmS.th: 5mm
Incr.: 2,5Incr.: 2,5

S.th: 1mmS.th: 1mm
Incr.: 0,8Incr.: 0,8

trauma inner ear

Do not forget the increment !!!!!!
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Slice thickness - Dose
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Shielding Recommendations ICRP

Scenario Recomm. Pit falls, disadvantage

“In-plane” shielding
(adults and children)

Non-
recommended;
Optimization with 
alternative 
Procedure
(eg organ dose 
modulation) 

Quality (noise and artefacts); 
in-beam shielding could 
interfere with such systems 
(AEC)

“In-plane” lens 
protection

Non-
recommended;
Optimization with 
alternative 
Procedure
(eg organ dose 
modulation) 

Quality (noise and artefacts); 
in-beam shielding could 
interfere with such systems 
(AEC)

icrp.org
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Shielding Recommendations ICRP

icrp.org

Scenario Recomm Pit falls, disadvantage

“Out-of-plane” 
shielding
(adults and 
children)

Non-
recommend
ed

• Lead in scout (AEC!!!)

In-plane shielding 
of gonads

Non-
recommend
ed

• Testicles are less radiosensitive 
(ICRP);

• Quality (Ovaries)
• No genetic impact



Medizinische Universität Graz, Auenbruggerplatz 2, A-8036 Graz, AUSTRIA, www.medunigraz.at

Head: organ dose modulation 

Organ dose modulation reduces the 
surface dose about 30% (90° anterior)

Organ dose modulation allows to reduce direct x-ray 
exposure for the most dose sensitive body regions 
f.e. the eye lense through partial scanning. 

It protects these areas from direct x-ray exposure by 
lowering the tube current for a certain range of 
projections without loss of image quality.

Quelle: Siemens Healthineers and GE Healthcare
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Shielding
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Shielding – measurements and results
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trauma inner ear
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Austrian DRL

Quelle: Bundesamt für Strahlenschutz 
Bekanntmachung der aktualisierten diagnostischen Referenzwerte für  diagnostische und 
interventionelle Röntgenanwendungen
Vom 22. Juni 2016 

trauma inner ear



Medizinische Universität Graz, Auenbruggerplatz 2, A-8036 Graz, AUSTRIA, www.medunigraz.at

chest
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PAE
PAE CTAfollow-up

Sequence 
mode
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Scanmode DLPc
Helical (0.5 x 32) Scanlength 4.0cm 161%

Helical (0,5 x 64) Scanlength 4.0cm 182%

Volume Scanlength 4.0cm 100%

Sequence 40 x 1.0mm 541%
CT-Phantom 32cm, DLPc =Center dose, PTW-Chamber 9001 – 10cm, 120 kV, 160 mAs eff, 

UDoz.Dr.Mag.Stücklschweiger / Mag. Guss, Strahlenschutzstelle Univ.-Klinikum Graz

Imag. Chain: technic
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Overranging/beaming
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PAE CTAfollow-up

S.th: 3mmS.th: 3mm
Incr.: 1.5Incr.: 1.5

S.th: 2mmS.th: 2mm
Incr.: 1,5Incr.: 1,5

S.th: 3mmS.th: 3mm
Incr.: 1,5Incr.: 1,5

Do you use the same protocolls for a Onco follow up, PAE and a CTA?

YES or NO

Is the lung a high or a low contrast organ? 

HIGH or LOW

Do you have the same slice thickness for all the three examinations? 

YES or NO
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We measured the effective dose on different vertical positions in
relation to the isocenter.

      A: Isocenter   B: deviation +50 mm C:deviation -50 mm

Experiential study



Deviation of + 50 mm and -50 mm implicates a dose variation of 56%

Vertical deviation [mm]

D
os

e 
va

ria
tio

n 
[%

]

Reason: changed focus-
object distance

Object appears bigger or 
smaller

A: isocenter C: deviation -50mmB: deviation 
+50mm



Medizinische Universität Graz, Auenbruggerplatz 2, A-8036 Graz, AUSTRIA, www.medunigraz.at

Sidestep: positioning
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Thorax: organ dose modulation 

Organ dose modulation reduces the 
surface dose about 40% (180° anterior)

Quelle: Siemens Healthineers and GE Healthcare

CAVE: patient have to be positioned at the 
center of the Scan Field of View!!!! 
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Surface dose ↓
Protection for the mammary 
& thyroid gland

breast-shielding
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Shielding

With foam material

Without foam material
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Measurements  with an Alderson phantom

shielding
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Shielding - results

Canon

GE without ODM

GE with ODM

Siemens without x-care

Siemens with x-care
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PAE CTAFollow up
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PAE CTAFollow up

Austrian DRL

Quelle: Bundesamt für Strahlenschutz 
Bekanntmachung der aktualisierten diagnostischen Referenzwerte für  diagnostische und 
interventionelle Röntgenanwendungen
Vom 22. Juni 2016 
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Automated exposure settings

Check the minimum and maximum values for mAs

Excess 
Dose

Always set AEC lower lim
its

to machines minimal values
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You have to adapt the HU-threshold, 

if you use less kV like 80kV or 100kV
(Depends on your scanner, if it is nessasary or not) 

relationship between kV and HU-threshold



HU



  Reference threshold HU values at 120 kV
  200 HU 150 HU 120 HU 100 HU 90 HU 80 HU 70 HU

70 kV (n=2) 310 250 210 190 180 160 150

80 kV (n=3) 280 220 190 160 150 140 130

90 kV (n=1) 240 190 160 140 120 110 100

100 kV (n=3) 220 170 140 120 110 100 90

110 kV (n=1) 210 160 130 110 100 90 80

120 kV (n=3) 200 150 120 100 90 80 70

130 kV (n=1) 180 140 110 90 80 70 60

135 kV (n=1) 180 140 110 90 80 70 60

140 kV (n=2) 175 130 100 85 80 70 60

Computed mean threshold values
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abdomen
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trauma appendicitisnephrolitiasis
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trauma appendicitisnephrolitiasis

S.th: 3mmS.th: 3mm
Incr.: 1.5Incr.: 1.5

S.th: 5mmS.th: 5mm
Incr.: 2.5Incr.: 2.5

S.th: 3mmS.th: 3mm
Incr.: 1,5Incr.: 1,5

Do you use the same protocolls for a nephrolitiasis, trauma and 

appendicitis?

YES or NO

Is the abdomen a high or a low contrast organ? 

HIGH or LOW

Do you have the same slice thickness for all the three examinations? 

YES or NO
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Change diameter: 
• raise the vertical diameter

• reduce the horizontal diameter

BEST
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avoid air between body and arms

artefact



Medizinische Universität Graz, Auenbruggerplatz 2, A-8036 Graz, AUSTRIA, www.medunigraz.at

Perfect dose 
distribution Bad dose distribution 

Change the position 

diameter
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Radiation 
protection with 

lead

pitfalls
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pitfalls

 DLP: 69.8
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trauma appendicitisnephrolitiasis
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trauma appendicitisnephrolitiasis

Austrian DRL

Quelle: Bundesamt für Strahlenschutz 
Bekanntmachung der aktualisierten diagnostischen Referenzwerte für  diagnostische und 
interventionelle Röntgenanwendungen
Vom 22. Juni 2016 
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Gantry

G
antry

use your creativity
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use your creativity

• CTA and CT Phlebographie „One Run“
ü f.e. for preparation for a transplantion 



Medizinische Universität Graz, Auenbruggerplatz 2, A-8036 Graz, AUSTRIA, www.medunigraz.at

use your creativity
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Dosiserh
ebung

• mittlere Dosiswerte pro 
Untersuchungsregion

Betrach
tung

• Untersuchungen heraussuchen 
und betrachten

Analyse
• Bildqualität
• Aquirierungsdaten 

Vergleic
h

• mit den Vorgaben vergleichen

Beurteil
ung

• Beurteilung der Ergebnisse

Überleg
en

• Optimierungsvorschläge

Optimie
rung

• Durchführung der Optimierung in 
kleinen Schritten

too complicated

from optimization potential to optimization strategy
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Sorantin‘scher „Half Slice Thickness Approach“:
• Do a study
• Let the radiographer recalculate study with halve slice thickness 

(noise must increase)
• image quality is still good  next study 20% dose increase

optimization algorithm à la Graz
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Do a CT study

Radiographer: reconstruct
slices with half thickness

Radiologist: check images 

Image quality ok
 100% excess dose!!!!

Next study 20% dose 

Image quality not diagnostic

Stop

workflow
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Sorantin‘scher „Half Slice 
Thickness Approach“

https://www.google.at/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiLsu35pe_TAhWDmBoKHYRnAkEQjRwIBw&url=https://www.emaze.com/@AWTZILWR/differences-and-similarities&psig=AFQjCNGjAspFFts0xugcCgisckOxkwe7TA&ust=1494848165352358


Medizinische Universität Graz, Auenbruggerplatz 2, A-8036 Graz, AUSTRIA, www.medunigraz.at

HSTA – Examples… 

HSTA – Examples… 
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HSTA – Examples… 



recalculate study with halve slice thickness
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• Scan length 

• Position patient carefully
• Have protocols – tailored to clinical question and 

body size and body composition
• CTDIvol, DLP, kV, mAs

• Check diagnostic reference levels (DRL‘s)

• CAVE: influence of AEC and radiation protection devices

• Use Sorantin‘s „Halve slice thickness approach“

• AND...

Take home
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Simply speaking…

conclusio

You have to love
 your machine …
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Thank you for your 
attention! 

Now you have austrian 
superpower!


