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WHO definition

=
)l,_ . A QA programme in diagnostic radiology is an
organized effort by the staff operating a

Updated International and facility to ensure that

Nordic gu idance on CT QA «the diagnostic images produced are of a
sufficiently high quality, that they consistently

Nottingham, CTUG S PTESRRE provide adequate diagnostic information
« at the lowest possible cost

«and with the least possible exposure of the
patient to radiation.
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Table 1-2  Definitions and Actions iated with y Performance,
Remedial and Suspension Levels
State Definition and / or Action

Satisfactory Performance Operation of the equipment with all performance and

safety criteria within the holder's prescribed values.

Remedial Level Contravened

Poor performance st close to satisfack
performance that it will nc| reduce the cllnlcal
effectiveness or equipment safety, but requiring
remedial action to restore satisfactory performance as
soon as the service availability permits it. Remedial
levels are set by the holder or his/her agent, e.g. an
MPE, and take account of the clinical use of the
equipment.

Suspension Level Contravened Failure to comply with one or more suspension levels.
This requires immediate suspension of the equipment

from clinical use and investigation of the cause of the

unsatisfactory performanoe Remedial action to
restore may be p 4
Alternatively, Iallowing a documented risk
assessment, prepared by the MPE and the

P it maybe
considered’ for use in limited circumstances. The
holder and the operators must be advised in wntmg of
the suspension and the related limitation(s) in use.® If
neither of these actions is possible, the equipment
must be suspended from use.

Recommended tests: .
Patient table movement QA n CT

Zero degree gantry tilt* Nordic recommendations (2012)

Gantry tilt indicator -

Visual inspection of positioning lasers*

MECHANICAL

Not included:

« Artefacts

« Display & ambient conditions
« Site evaluation

Coach position and slice location
Dose display and specifications
Dose free in air

9. Dose-mAs linearity

(1.
2.
3.
4.
5. Positioning lasers
qQ
8.

10. Tube potential

11. Half-value layer (HVL)
12. Dose profile in z-direction
13. Geometric efficiency

>14. CT number of water

DOSE / BEAM QUALITY

, ! e N
Optional tests:

Total filtration

Dose profile in x/y direction
Helical image quality

AEC test (mA-modulation)
Scattered radiation
Radiographer tests

Figure of merit calculations

16. CT number
17. Tomographic section
18. Noise

19. Uniformity
20. Interslice noise

21. Geometric accuracy*

22. Spatial resolution

@3. Low-contrast detectability*

TMAGING PERFORMANCE

'~ o o1 REEORIDN=

Dikakot EU 2012
Factors affecting image quality 3
2
7 Image review conditions REPORT s
 ambient illumination / Contrast E}
6 Image processing « surface reflections 2]
* reconstruction mode « display performance =
« slice/MPR thickness 8 Image review
« visualizations — S " ’\:Tlt: ?NRI "
- o todulation ignal
window settings ‘ REFERRAL transfer to noise =
v function raio
/
Clinical CT image quali — :
5 Detector . 2 2 ,
« element size 1 Patient DQE i SNR,,. @ :% g
* number of rows * anci Detective X SNR; ﬁ NPS
« detector sensitivity + physiology uantum efficienc
« target region
(-DQE) /
Resolution Noise
4 Movement 2 Imaging set-up i
« patient ‘\ ; 4/ * patient positioning /~ NPS
« x-ray tube 3 Exposure parameters + immobilization N:\LS;
+ kVp, mA, rotation time * gantry tilt S:ewum
+ collimation, SFOV/DFOV ~ * contrast timing \\_/

« scan mode & length, pitch
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Spatial resolution
High contrast resolution with two filters (GE VCT 64)

Standard Bone
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Spatial resolution

Cone-beam technology may require more extensive resolution evaluation

pection 1: CT value linearity,
—_— |

pection 2: Spatial resolution
(3D sphere MTF) ~ =
pection 3: CT value uniformity,

ST SLY

image noise i
pection 4: Spatial resolution Y
(3D drill hole pattern) ~ = @ w0 gy
pection 5: Artifact beha S
on “ o= (b) 2D NPS

(w extension ring)
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B AuioQA Lite v240 i —— == Test Results
Anaiyze — Reporing Functions Review Trend Reports Qe Anout ] Image # Test Status
== CTAucQALIS Ver240 T e R o e 3100 11065
Module material CT# + noise, center pixel coordinates
Tiel Sae Txpectdimm)  XAvi(mm) Yo Axm)
0.40 040 040 040 040
Phantom Rotation : -0.5 degre
Phantom Center is 0.50 nym RIGHT OF CENTER and 0.40 mm BELOW CENTER
Pixel size, phantom rotation and centering
TT# Cnearity Contrast Seale: 0000190 Fifectine Eowrgy: G heV  R= 0999173
Macral | Teflon At LDPE  Delin  Acolic  Polysiyrenc _ PMP
- - = : CTe 9425 10114 892 3852 1225 341 1708
DICOM 8.0 Directory | TRAMAVARTALD T 013 3,006 =] Oulun Y Sairaala CT# linearity, effective energy
Faciity Seial 8 Date_[Stud mode | wih | Table ] -
D) Oubun Vicpistelinn S o CTAWF73614 | 04/24/2014 | 1404 26:14: 3334 S TO-H] Helcsl 1 1595 Slice Thickness Expected(mm) IX—.‘:AIS(N.!DH !'—'\amn:m\
Sl L Avg Slice Width: 127 mm "‘R;mpz\n[g‘lu(dcg‘b-llu
Heical (REL )
Automatic analysis saves Heical 1 e Slice thickness, table position offset, vert./horis. angles
o Heical 1 e
physicist resources but Weed 11 : M Crbies el (o)
more importantly, enables —— e b ,
more objective and Heical v e MTF/spatial resolution
. Helesl 1 1676 Spatial Resolution nitical Frequencics (cy/om]
comparative results. Heked 1 16as LI O T T (321303
% 632 (6.04-6.60)
98 (7.62-8.34
Helcal 1 1703 | - Note: A ﬁgu‘fll.‘m:plﬁ»l.rhrmgx'»h«“m
=] Bl AL BUIALL VLN o Setuet % St Thickness (Bead | Expetaliinm)  Masusdinm)
_Begia Analysis | U i g Flid o Viwse 298 g Avi Sloe Wil 119 s | Reimp Abgle (deg: 100
I” Reverse Image Order Ll = Table Position Offset: -1.08 mm
¥ Preview Images Ml 2 Vertical Angle : 0.2 degrees
@
# of Studes | # of lmages 0 File Name: 0023 2014 04 24 IMA a_tl mika.kortesniemi@hus.fi OYS, Antti Kotiaho 15
The importance of QA with respect to observed failure rates
p Q P Large phantom artefacts
Failure by QC Test
w 18
g 16
) 4
§ 14
n 12
]
=] 10
T 8
-
0,
g o -t
5 (¢+)
= 4 T
g +
2 e
—
: 0+—® ‘__‘_
Water, Linearity, | Linearity, Water, Linearity, Water Water, Large
Uniformity | Air Water |MeanCT 2| Acrylic | Phantom | Standard | Phantom
Artifacts | Deviation | Artifacts Normal image Artefacts
=26| =18] =18 226] =18 =26) =26] =13] 5
L UL S R R e S R B With larger FOV and phantom, the appearance of
QC Test artefacts increased with shorter rotation times.
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Specifics: CT-simulator

Specifics: Dual-energy CT QA — phantom example
Example: wall lasers and the overhead sagittal laser

Performance requirements for lasers:

1. Gantry lasers should accurately
identify scan plane within the gantry
opening;

. Gantry lasers should be parallel and -
orthogonal with the scan plane and
should intersectin the center of scan
plane;

. Vertical side-wall lasers should be
accurately spaced fromimaging
plane;

4. Wall lasers should be parallel and
orthogonal with the scan plane, and
should intersectat a point which is
coincidentwith the center of the scan
plane;

. The overhead (sagittal) laser should
be orthogonal to the imaging plane;

. The overhead (sagittal) laser
movementshould be accurate, linear,
and reproducible.

« Cylindrical solid water (0
HU) phantom

* Cat+ (CaHA) and iodine
cylindrical inserts (200,
400, 590 HU at 120 kV)

Dual Energy

N

e ®

w

——rest
= & = phaniom ”

@

=)

Quality assurance for computed-tomography simulators and the computed tomography-
simulation process: Report of the AAPM Radiation Therapy Committee Task Group No. 66

JAEA 2012, Philips £ |

00 400
HU/ 140 kY

QRM, Schmidtet al. RSNA2009 21
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CTDI for wider beam collimations

- National recommendations (Finland)

The current use of cone beam scanner technology clearly demonstrates the = -
deficiencies of the standard CT dosimetry methodology. User tests
The IEC/IAEA interim solution with two interpretations of the definition of CTDI,, @ e 4.5.1 | Tube warm-up & air calibration  daily
(C.,) depending on the beam width: 4.5.2 | CT-numbers weekly
« For beams of less than 40 mm, the conventional definition is given. | 4.5.3 * Noise and artefacts weekly
« For a beam width greater than 40 mm, C,, can be written as: bt tests of the m
t —
C Technical tests
C = a. 100NT Slice position accuracy. 6 months
w.NT — ~wRef % C CT-pumbers _6.months
a,100,Ref 1 2 Uniformity 6'months
where C,,\r is the weighted CT air kerma index for a beam width of NT mm Geome@rlc Y Rumonths
(if NT > 40 mm), C, s is the weighted CT air kerma index for a reference beam Sycaliaie > 5 monthe
width of 20 mm (or closest possible below 20 mm), and similarly, C, 00 iS the Table movement accuracy 6 montivs
CT air kerma index measured free-in-air with a 100 mm integration length Spatial resolution 6 months
chamber for a beam width of NT mm and C, 100 ref IS @ Similar quantity at the Low contrast resolution Acceptance
reference beam width. o Dose senstivity profile Acceptance
4513 Dose display 1 year
... vs long chambers or point dosimeters. and other recommended tests of the ma
.
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Clinical image quality Radiologist

< Determination of indication specific

target values 5
Feedback on clinical
image quality

Optimisation adjustments
and patient doses

Feedback on clinical
image quality

Workflow optimisation
and patient safety issues

Physicist

QA co-ordination and follow-up.
Technical tests and dose
evaluations

“Radiographer]

= [ [l
Examination workflow
., Functional & safety test
User phantom scan
= Water HU & noise,

visual uniformity &
artifacts

= Conformance of vendor

specifications, standard and

legislative requirements and
tolerances, specific target

values
Malfunctions and

deviations

Conformance evaluation
and tech optimisation

Functional status and
service reporting

Functional status and
service reporting

Mechanical & safety tests
Technical phantom scan

Basic dose measurement .
= Conformanceof vendor  SEIVICE
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A W
Aiming closer to clinical cas Aiming closer to clinical cases pﬂ
= Anthropemorphic models as optimisation tools = Indication based Diagnostic Reference Levels
| 2
Examination type or indication CTDl g DLP
mGy mGy-cm

Head/brain 55 800
Sinuses 13 190
Chest 9 290
Abdomen 12 560
Body 12 770
Aorta (neck to groin) 10 630
Indication - HRCT 5 140
Indication - lung tumour 1 430
Indication - renal stones i 330
Indication - lymph 1 970
Indication - trauma body 17 1300
Indication - colonoscopy (prone) 65 total from both
|Indication - 0py i 12 positi 930

Mosfet dosimetry (TN-RD-70-W) measurement in pediatric anthropomorphic phantom (cos-D) —— STUK 2013, Finland
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Clinical image quality — finding the right level

+Too low +Low quality +*Medium +High quality +Too high

quality «Controlcases quality +Demanding quality
*No relevant *Lowdose *Normal cases cases +No additional
information *Mediumdose *High dose information
*Wasted dose *Too high and

i partially

wasted dose

Clinical image quality

A

Technical image quality

mika.kortesniemi@hus.fi

QA trends

« Phantoms may become more
simple, but analysis methods may
become more complicated

« Subjective visual evaluation of
image quality = automatic,
objective, quantitative analysis

« Larger amount of collected data;
from small samples to continuous
follow-up of the entire production
data volume

« Higher utilization of clinical &
diagnostic metadata for
optimization and process
streamlining

« Patient specific dose estimates
and organ dose data

£
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Handling the
big data

mika.kortesniemi@hus. fi Ex |

Quality management and optimisation scheme

/—{ Self-assessment > Internal audit > External audit (review — verification — validation) h

TECHNICAL QA OPERATIONAL QA

‘ Procurement ‘ /RI’&\
oles \
l l ( Responsibilities )
OPTIMISATION
(SEERIED Acceptance by indication %
criteria &

Personnel &
Resources

| Training &

tolerances )
/ Knowledge
o

Image
quality
~target level

Commissioning
3

CONFORMANCE
p Js,

Service

)

‘ Constancy tests ‘

Patient

dose
~DRL

Processes & \\‘Guidelines &
Functions ) References

‘ User tests ‘ ‘Technical tests ‘ v — — —

(Data management &)
*._Communication

Diagnostic and
clinical data

Diagnostic sensitivity and specificity

‘ Safety tests ‘ ‘ Functional tests ‘

PACS data collection and follow-up — towards
optimization process control of dose and image quality

=
T R S T :
IR TR T

Actual - targeted noise (1SD HU)

Bl
WY s 10 WM uReN W RAYM m R Jen dwn pm yom
Date

« The process control helps to decrease variation in CT image quality, target image quality can be
achieved more consistently and accurately, also the size-specific dose estimates decreased.

« Large scale process control provides on-line description of the whole production image data status and
helps to recognize deviations (~patient safety) and guide optimization improvements.

cal efficacy = effectiveness
mika.kortesniemi@hus.fi Sﬂ

Mika Kortesniemi, Finland

mika. kortesniemi@hus. fi Larson 2013 33




