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THE ALARA PRINCIPLE IN MEDICAL IMAGING

he ALARA principle, that radiation doses should be kept as low as
reasonably achievable, social and economic factors being taken into
account, is well known to medical physicists. It is perhaps less well known
that the ALARA principle applies to medical exposures as well as to other
sources of radiation exposure. This was not always the case.

History of the ALARA Principle Donald L. Miller, M.D.
David Schaver, Sc.D., CHP

ICRP Publication 105 makes the application of the ALARA principle

to medical exposures explicit (paragraph 70): “The optimisation of
radiological protection means keeping the doses ‘as low as reasonably
achievable, economic and societal factors being taken into account, and
is best described as management of the radiation dose to the patient

to be commensurate with the medical purpose.” Publication 105 also
clarifies the operational goal of the ALARA principle in medical imaging
(paragraph 47): “In medicine, the requirement is to manage the radiation
dose to the patient to be commensurate with the medical purpose.

The goal is to use the appropriate dose to obtain the desired image or

desired therapy.”

AAPM newsletter volume 40 n.1, 2015

In the case of Computed Tomography....



Patient dose in CT
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CT dose reduction devices

Dose reduction in CT is a major target for all professionals in
every diagnostic department

All the CT scanner companies have developed in the last ten years
several devices and techniques for dose reduction.
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Radiology: V'olume 264: Number 2—August 2012
. 64-row + Automatic + X-ray source + Z axis + Iterative + Interior + Photon

and above exposure (spectra) collimation  reconstruction tomography counting
MDCT control optimization detectors

Estimated Reduction in Dose by using various approaches to MDCT system, 64-detector row, in abdomen
and pelvis. Each successive dose-reduction approach is applied to the previous dose estimate.

Among other factors, tube current modulation and iterative algorithms could
allow a dose reduction of about 60 %, but the exact dose saving depended
strongly on the parameter choice of the user.




Dose reduction in CT with new dedicated devices

In the past dose reduction was achieved by straightforward modification of exposure parameters

oc KV * oc | oc t OB & }/p Dose
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But now it is «a must» to know the functioning of other parameters of dedicated devices
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Tube current modulation

The modulation of tube current is based on a choice of an acceptable
level of noise on the final image, which should be specifically defined
for each different diagnostic objective.

Anatomical district

. . Patient Automatic
Diagnostic task — topogram :> tube current
Desired image quality modulation

(noise index)

Without modulation 13 mSv

With modulation 8 mSv




lterative CT algorithms: advantages

lterative reconstruction methods in CT were implemented in the last ten
years with several potential benefits:

- Noise reduction with resolution maintenance (in some cases better)

- Reduction of artifacts associated with traditional filtered back projection
(FBP) methods

- Possibility of dose reduction with various strategies (reducing the beam
intensity with lower tube current, reducing the number of projections,...)

—> Possibility of using small focus and reduced kV even on large patients

Filtered back projection Iterative Reconstruction

Beister et al 2012



CT aorta examination optimization: an ltalian experience

Multislice CT can be used to diagnose various abnormalities of the aorta,
such as aortic aneurysms, aortic dissection, traumatic aortic transection,

i —70- - : Fig. 13—58-year-old man with chest pain.
F'g' 4—10 yOar old woman with shortness of breath. A and B, Curved multiplanar reconstruction (A) and 3D volume rendering (B) of contrast-enhanced CT show

Contrast-enhanced CT image shows Iarge fusiform type B dissection originating just distal to left subclavian artery, continuing into left common iliac artery.
descending aortic aneurysm (AA) causing extrinsic

compression of adjacent bronchi with luminal : :
BT (e Litmanovich et al. (2009)

Due to the multiple scan performed for each CT aorta
examination (basal, contrast and late phase) and to the

Fig.3—70-year-old man with diffuse abdominal pain.
Three-dimensional volume rendering of contrast-

enhanced CT scan shows fusiform aneurysm of distal need Of thin SIices With acceptable nOise, Datient dose Can

abdominal aorta without extension into iliac arteries.
Note narrowing of right common iliac artery (amow)

Atherosclerotic plague is highlighted in blue and rea C h te n S Of m SV fo r ea C h eXa m u

contrast-opacified lumen in pink.




CT aorta examination optimization: an ltalian experience

Radiol med (2016) 121:291-300 "
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Aortic CT angiography dose reduction: investigation of optimal

noise index and iterative algorithm strength in combination
with low kV

Osvaldo Rampado'©® - Stefania Busso' - Domenica Garabello” - Ezio Marengo -
Marco Valerio® - Simona Capello® - Simona Veglia? - Ottavio Davini” -
Roberto Ropolo’

The aim of this study is to optimize an aorta angiographic CT protocol, by
investigation of the best combination of tube current modulation, iterative
algorithm strength and kV reduction for patients of different sizes.




CT aorta examination optimization: an ltalian experience

Table 3 Comparison of optimisation studies about aortic CT Main results of published optimisation
Reference CT manufacturer Reference protocol Optimized protocol Dose reduction Finale average CTDI (mGy)
Cornfeld [22] GE 120kV, TCM NI 11, 3.75 mm 120kV, TCM NI 13.75, —29 % 15.6
no iterative 3.75 mm, ASIR 40 %
Fanous [7] Toshiba 120 kV, 350 mA, 0.5s, l mm, 100kV,350mA,0.5s, ]l mm, —-37% 12.5
no iterative no iterative
Yu [6] Siemens 120 kV, TCM, no iterative, 80 or 100 kV, 0.6 mm, TCM, no—36 % 11.2
0.6 mm iterative
Schindera [9] Siemens 100 kV, TCM ref 160 mAs, 80 kV, TCM ref 260 mAs, 5.2
1.5 mm 1.5 mm
Pontana [12] Siemens 120 or 100 KV, TCM, 1 mm, no 100 or 80 kV, TCM, 1 mm, 1.2
iterative iterative Safire Strength 3

Rampado et al. 2016 - After the adoption of optimised protocol:
100 kV for small sized patient a dose reduction of 47%,
100 kV for medium sized patient a dose reduction of|47% ,
120 kV for large sized patient a dose reduction of

CTDI of 2.7 mGy
CTDI of 5.9 mGy
CTDI of |10.1 mGy
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Table 3 Comparison of optimisation studies about aortic CT Main results of published optimisation
Reference CT manufacturer Reference protocol Optimized protocol Dose reduction Finale average CTDI (mGy)
Cornfeld [22] GE 120kV, TCM NI 11, 3.75 mm 120kV, TCM NI 13.75, —29 % 15.6
no iterative 3.75 mm, ASIR 40 %
Fanous [7] Toshiba 120 kV, 350 mA, 0.5s, l mm, 100kV,350mA,0.5s, ]l mm, —-37% 12.5
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1.5 mm 1.5 mm
Pontana [12] Siemens 120 or 100 KV, TCM, 1 mm, no 100 or 80 kV, TCM, 1 mm, 1.2
iterative iterative Safire Strength 3

Rampado et al. 2016 - After the adoption of optimised protocol:
100 kV for small sized patient a dose reduction of 47%,
100 kV for medium sized patient a dose reduction of|47% ,
120 kV for large sized patient a dose reduction of \49%

CTDI of 2.7 mGy
CTDI of 5.9 mGy
CTDI of |10.1 mGy

To our knowledge, this is the first phantom study for CT angiography that
has considered the complex interplay between:

- different phantom sizes, - kV reduction,- tube current modulation
- jterative algorithms,
with objective and subjective image quality evaluations.



Following the introduction of the new protocol...

ROI noise difference

&
5
4
3
2
1
o

-40-30-30-20-20-10 -10 0 O 10 10 20 20 30 30 40 40 50

<20% in 70% of cases

After implementing the optimized protocol,
20 patients were identified who performed
a CT before optimization to compare the
images acquired with the two modalities.

Subjective evaluation of image quality was good in all cases, even with a reduction
of dose near to 50%

Abdominal aortic aneurysm




Following the introduction of the new protocol...

When different dose reduction parameters are available,
anthropomorphic phantoms of different sizes help to find the optimal

combination.

For aorta studies, 100 kV with relative high values of noise indexes
and iterative levels provides the best balance between dose reduction
and image quality, the approach used with multiple anthropomorphic

phantoms allowed to investigate dose reduction possibilities for
different sized patients.

An optimized protocol was established, with a dose reduction of 47 %
from the previous protocol.

This result was possible after the definition of a “best equilibrium”
between different dose reduction possibilities based on kV choice,
noise index and iterative post processing level.




Staff training ...
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ALARA experience from CT aorta examination

- The implementation of the ALARA principle in modern CT equipment
with dose reduction devices is rather complex and it should be set
up with phantom measurements and visual assessments by
radiologists or model observers

- It is important to know the basic principles of the used iterative
algorithm and to consider the physical characterizations with the
proper figures of merit (Receiver operating characteristic studies,
Task Transfer function, Noise power spectrum)

- Different CT technologies (with different cost) allow to reach
different patient dose levels.

- Staff training and cooperation are a key element for ALARA in
modern imaging diagnostics
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“"The war of the doses”

= Dose reduction has become an element of
.= 2\ ¥ strong competition among CT manufacturers
i\ in recent years.
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“"The war of the doses”

=1 Dose reduction has become an element of
2\ § strong competition among CT manufacturers
Wl in recent vears.

GE Healthcare GE Clar: ity

CT | Philips iDose white paper
C Cardiac CTA (Philips)

20mSv Cardiac catheterization
P 5MSV (=25 chest X-rays)

Helical scan without DoseRight Cardiac 12mSv R

THE M

Helical scan with mild DR-C 40-75% 8msy” Natural background
s ’ eXposure (annual)

Helical scan with aggressive DR-C 75% only 5mSy 2-3mSV (= 10 chest X-rays)

100kV S&SC scan without tolerance Chest X-Ray
» 0.2mSv

80 kV S&SC scan without tolerance + iDose?




@ When it comes to radiation, less is more.

Southern Colorado’s first and only Penrose-St. Francis
low-radiation CAT scan systems. Health Services

* Centura Health

/ Lugo

TODAY = sezioni Salute

All'ospedale di Lugo la "Ferrari” delle Tac che
riduce le radiazioni dell'80%

[l dottor Orzincolo ha inoltre annunciato che di qui a poche settimane entrera in funzione una
nuova apparecchiatura diagnostica, un telecomandato digitale del valore di 200mila euro

T Redazione




Practical management of different technological levels

To what extent should the potential dose reduction be reflected in the
evaluation of the renewal of the health company’s fleet and of the
budget needed for new devices ?

The question "how low can we go" often occurs in publications.

It is important to keep in mind that the main objective of a CT
examination remains the correct and accurate diagnosis, which is
carried out by operators often with different levels of experience and
preparation within the same team. Therefore, it is important to always
guarantee a level of image quality that guarantees the right level of
reliability for all radiologists appointed to report. It is important to

follow low-dose protocols, that are always robust enough to give full
evidence of all the diagnostic details for each question.
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As Reasonable Achievable, ALARA).
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[’introduzione di algoritmi iterativi di ricostruzione delle immagini consente di ridurre in
modo significativo la dose al paziente rispetto alla tecnica di retroproiezione filtrata. I valor1 di
dose qui riportati e risalenti ad indagini di alcuni anni orsono risentono probabilmente in minima
misura de1 vantaggi degli algoritmi iterativi. Conseguentemente ogni centro potra adottare LDR
locali tenendo conto della tecnologia disponibile.

Relativamente agli esami delle coronarie con TC, la metodica ha avuto sviluppi tecnologici
importanti che hanno significativamente modificato 1 livelli medi di dose al paziente.
Conseguentemente ogni centro dovra adottare LDR locali tenendo conto della tecnologia
disponibile e de1 metodi di scansione impiegati.
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Practical management of different technological levels

The introduction of iterative reconstruction algorithms for better dose
optimisation in children

Pediatr Radiol
DOI 10.1007/500247-014-3201-z

ORIGINAL ARTICLE

Radiation dose from multidetector CT studies in children:
results from the first Italian nationwide survey
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A better dose optimisation in children could be achieved
with the introduction of size-specific CT protocols, with an
increased use of automatic tube current modulation systems
and a proper adaptation of CT settings, in particular kV and
pitch. The introduction of iterative reconstruction algorithms
and kV adapting systems could help 1n this task.




Practical management of different technological levels

The introduction of iterative reconstruction algorithms for better dose
optimisation in children
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What is ‘reasonable’

What is 'reasonable’ changes with time.

What is reasonable today depends on the most current technology
available, that will gradually give us even more advanced devices
and perhaps at lower costs.

The ethical and societal aspects help us in our choices
(our=> professionals, patient, families of patients, . . .).

What is reasonable or not is related to our feeling and evaluation of
today options, and is linked to the circumstances such as the type
of health case, the need to have info on health, the patient's
criticality and the our will to act in the appropriate way.




Thanks for your
attention
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