7/7/20

IAEA Remote and
Automated QC for
Diagnostic and
\lelgglaglele]felo]gll®
Facilities

DOUGLAS PFEIFFER, MS, DABR, FACR, FAAPM
2020 AAPM ANNUAL MEETING

Disclosures

» Received funding from IAEA for fabrication of the
phantoms and fravel to meetings

» No other support was provided




7/7/20

Many thanks to Patricia
Mora, MS, University of
Costa RICCRESIECINY Of
these slides

Infroduction

» Current situation
» Global lack of medical physicists
» Especially in diagnostic imaging
» Clinically Qualified Medical Physicist (CQMP)
» Implementation of regular QC is poor
» Regulatory requirements are not sufficient
» Technology is becoming more complex

» Even in developed countries, regular radiographic
QC is often not performed.
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Support For Remote

Facilities

In many areas of the world, medical physics support
is minimal or non-existent

Many facilities have little or no guidance to
implement a quality assurance program

Imaging devices may go for their entire useful life
without ever being tested

Quality control functions may never evaluate

whether a given image is actually of adequate

diagnostic quality

Can lead o inadequate patient care and excessive

radiation exposure )
<)

Support For Remote
Facilities

» Request from the Scientific Committee of the
IAEA/WHO Network of Secondary Standards and

Dosimetry Laboratories (2014)
IAEA project

» Implementation of a Remote and Automated Quality
Control Program for Radiography and Mammography

One Clinically Qualified Medical Physicist (CQMP)
can:

» Provide support for multiple facilities
» Ensure consistent performance with fewer visits

Enables radiographic facilities of any size to initiate a
technologist radiographic QC program.

©)
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Intent of the Project

» Cover both radiography and mammography
» Be simple and economical

» Provide a quality assessment with quantitative
metrics

The Commitiee

» Harry Delis, PhD, IAEA, Vienna, Austria

» Hilde Bosmans, PhD, University Hospitals Leuven,
Belgium

Paftricia Mora, MS, University of Costa Rica
» Manuel Arreola, PhD, University of Florida, USA

Guozhi Zhang, PhD, University Hospitals, Leuven,
Belgium

Douglas Pfeiffer, MS, Boulder Community Health,
USA




Committee Response

Modern technologies allow us to exploit the
advantages of computer networks and
processing

Created simple and inexpensive test objects
Created automated image analysis software
Requires minimal staff time

Local data collection

Can do local or remote analysis

Remote review of data by CQMP

|AEA Publication (in
process)

» A completely new methodology has been developed by
the drafting committee and is presented in the

publication.
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IAEA Remote QC
Workflow

LOCAL RESPONSIBILITY

AUTOMATED QC

IAEA Radiography
Phantom

» A target plate made of a 28 cm x 28 cm x 0.5 cm
sheet of PMMA

» S5cmx5cm x 0.2 cm Cu square
» Angled 2°-5° WRT the edges of the target plate
» MTF determination

» Tcmx1cm x0.4cm Al square
» CNR determination &
> A1I0cmx10cm x0.2cm Cu
» The main attenuator for the phantom

» May be multiple thinner plates stacked together if
this is more cost effective




IAEA Mammography
Phantom

» A target plate made of a 24 cm x 30 cm x 0.5 cm
sheet of PMMA

» S5cmx5cm x 1 mm Cu square
» Angled 2°-5° WRT the edges of the target plate
» MTF determination y
» 1Tcmx1cmx0.2mm Al square
» CNR determination
» A24cm x30cm x 4 cm PMMA
» The main attenuator for the phantom

» May be multiple thinner plates stacked together if
this is more cost effective

ATIA Software

Automated Tool for
Image Analysis

Drag DICOM image
onto home screen for
analysis

CSV file with results
produced

Very important that the
“raw” or “for processing”
image data be provided

JREAREEEE N
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ATIA Software

TABLE L1: DESCRIPTION OF ATIA ICONS

Description

This will open a window to select the image. You could either click and drag it to the home
page or click on a file and open it. The software will automatically recognize both types of
images (mammographic or radiographic) and will place the corresponding regions of interest
on the test objects. Regions can be moved if needed.

Performs all calculations. Results will be displayed in the lower left corner: MTF (horizontal
and vertical at 50, 20 and 10%), SDNR, CNR, and d' (for two object diameters).

General information about the image, displayed as follows:
Upper left corner: institution, equipment and technique factors.
Upper right comer: window width and level

Lower right comer: cursor position, pixel matrix, ficld size
Lower right comner: cursor position, pixel matrix, field size

Zoom in

Zoom out

Applics predetermined window width and level settings

Revers to original image window width and level settings

Creates the variance map of the image

Opens a Save As window, the calculation results will be saved as a .cvs file

Exits the application; it will ask if you want to save results.
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ATIA in Mammography

If in DICOM header W(u,v)= <lim P %EI)T j‘_*x)‘ j‘jy' Ag(x, y)e‘zﬂi("~‘+"l')d_x dy 2>
4%
mAs
d' = ‘/Z”Cfa"s‘(u)MTF‘(u) VIF(uy ay
Jies 2MTF2(y) VIF*NNPS(u)y ay

Exposure index

Patient exposure

Detector exposure
Signal-noise ratio (SNR)
Signal difference-noise ratio (SDNR)
Modulation transfer function (MTF)

» Both directions

Normalized noise power spectrum (NNPS)
De.’rec’robi.li’ry in(.jex (d’) Mean(PVs, ) — Mean(PV,)
Artifacts via variance map SDNR = stdev(PV,) ZEI




ATIA Results

MG
BCH - Medical Imaging Center

20170801
Signal
n
517.757 937546
Horizontal
Jmm

1
0833661
0.82889
0811111
0.789136
0.758549
0.733664.
0701382
0.668697
063917
0604347
0577808
0536613
0504297
0476147
0435
0.40436
0368092
0353741
0307366
0282717
0239269
0219112
0.184468
0155545,
0132504,
0117274
0105943
00657278
0.0644179
0057844,
00432149
00362725
003213

Mean

603.046

11.4611

Vertical
fmm

R
7.44162

1
0832787
0820191
0802593

0.76808
0.747808
0.720351
0680429
0647789
0624382

058484
0534315,
0506679
0452101

0.42888
0390455,
0359069
0316631
0283211
0258896
0223459
0197154,
0154517,
0.139868,
0115876

0.0980751

00774483

0.0583053

00599229
0040792

00385595

0.0368796
0043147

00188575

814579

NNPS
fmm
0
00390625
0078125
0117188
0.15625
0195313
0234375
0273438
03125
0351563
0390625
0.429688
0.46875
0507813
0546875
0585938
0625
0664063
0703125
0742188
078125
0820313
0859375
0898438
09375
0976563
1.01563
1.05469
1.08375
1.13281
1.17188

Vert (/mm)

0.000125278
0.000115656
2.33E-05
7.41E-06
8.58E-06
114605
1.08E-05
1.326-05
3.26E-06
7.11E-08
5.06E-06
5.94E-06
4.65E-06
2.79E-06
3.36E-06
2.65E-06
5.02E-06
2.726-06
2.90E-06
2.96E-06
3.58E-06
4.74E-06
3.33E-06
1.90E-06
2.81E-06
2.58E-06
2.356-06
3B1E-06
2.626-06
3.60E-06
2.11E-06
4.25E-06
4.05€-08
4.04E-06

Csv file

MTF20%  MTF10%

MTF 50%
3.28816
3.03059

Vert

Rad

5.63792 6.78695
5.22295 6.22297

0000125278 0.000125278

224505
2.356-05
1.52E-05
5.72E-06
6.91E-06
4.08E-06
2.60E-06
5.46E-06
5.65€-06
3.94E-06
6.06E-06
381E-06
3.56E-06
3.30E-06
4.73E-06
2.476-06
3.37E-06
1.44E-08
411E-06
3.38E-06
3.99E-06
2.94E-06
2.91E-06
3.54E-06
2.38E-06
212606
5.96E-06
481E-06
5.62E-06
3.40-06
4.81E-06
1.28E-06
4.28E-06

Detectability Index

418E-05
1.26€:
5.97E.
4.44€;
4,448
4.58E-
4426
3.93E-
4,23
2.82E.
3.84E;
3.48E.
3,308
3.38E-
3,226
3.79E.
2.96E-
3.58E.
3.02€:
3.01E.
3.25€:
3.07E:
3.43E:
3.09E:
2.91E:
3.09E:
3.22E.
2.99€:
3.29E:
2.90€:
2.97E.
3.26€:
3.05E-06

» Very difficult to directly relate phantom
performance to clinical performance

» What MTF is needed to see something?

» What noise level is acceptable?

» Task-dependent

DICOM TAG
Name Key

InstitutionName (0008/0080)
InstitutionalDep (0008|1040)
StationName  (0008{1010)
PatientName  (0010/0010)
DeviceSerialNur (0018/1000)
PlatelD (0018/1004)
TargetExposure (0018[1412)
Deviationlndex (0018/1413)
StudyDate  (0008/0020)
Modalty (0008[0060)
Presentationinte (0008/0068)
Manufacturer ~ (0008[0070)
FieldOfViewDim (00181149)
ExposureTime (0018/1150)
XRayTubeGurre (0018[1151)
ImagerPixeiSpa (0018]1164)
AnodeTargetMe (0018[1191)
Manufacturer ~ (0008[0070)
KvP (0018/0060)
FiterMaterial  (0018[7050)

Exposure  (0018[1152)
ImageAndFiuorc (00181 15¢)
Entr 5611 (0040[8302)

» The detectability index expresses the detectability
of objects for some given geometry, object size
and shape and a measure of large area image
confrast

» DIRECTLY related to a clinical detection task

» d’'(D=0.1 mm) ~ detection of microcalcifications

» d’'(D=0.25 mm) ~ detection of small nodules

Value
BCH - Medical

B 1
PhysicisthAEA

RHODIUM
GE MEDICAL S

RHODIUM
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Detectability Index

» The equation for d’ is noft trivial:
g VZRC [7° S2(u)MTF?(u) VTF?(u)u du
Jf0°° S2(W)MTF2(w) VTF4(w)NNPS(w)u du

» Butitis easily calculated (in software) from the
simple IAEA phantom

» All of the terms can be measured from the
background, the aluminum square, and the MTF of
the copper square edge

ATIA Control Charts
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Variance Map

» ATIA also allows for easy visualization of artifacts
» Variance map

Thumbnail images of the variance of small ROIs in
the original image

Enhance the appearance of the artefacts
Images are color-coded

» Each color represents a predetermined percentage
deviation from the variance in a reference position.

Variance map thumbnails are very small and easily
fransmitted

Variance Map Example:
Mammography

7/7/20
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Variance Map Example:
Radiography

December
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Conclusion

IAEA program allows a CQMP and the local
technologist to remotely monitor clinical
performance remotely and with minimal fime
investment per unit

Technologists can be easily trained to acquire the
images

Must ensure that system is optimized before
starting the program

» d’' provides insight regarding the clinical
performance

Radiographic QC can be easily performed on a
regular basis.

Questionse
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