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Clinical imaging physics 2.0

Operationalize relevant imaging physics science

to ensure high quality, low-dose, efficient, and

compliant setup and clinical operation of medical

imaging systems, techniques, and applications

1. Scientifically-informed by findings and methods

2. Clinically-relevant to the operational practice

3. Pragmatic in the meaningful and efficient use of
resources

4. Integrated in cooperation with scientific and clinical
teams

Ensuring quality and safety:
3 spheres of quality assurance

System performance assessment
Quality by inference

Prospective protocol definition Retrospective quality assessment
Quality by outcome

Ensuring quality and safety:
3 spheres of quality assurance

System performance assessment
Quality by inference

7@\

Prospective protocol definition Retrospective quality assessment
Quality by prescription Quality by outcome
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Ensuring quality and safety:
3 spheres of quality assurance

System performance assessment
Quality by inference

1."“Automated characterization
2. Relevant metrology
3. Metric tracking and analytics

Automated characterization

* ACR Mammography QC
Phantom /7 \ DAY
— Fibers : . o
— Calcification clusters
— Spherical masses

. 5 6 ‘7 8
* Automatic measurement : : :
based off work by Brooks etal * - = - . . ()
(1997) o 10 n R
* Fourier convolution technique| &
used to detect features Y . N

* CNR detection thresholds
defined to match observer
performance

hitp://wenw. coneinstruments.com/images/400/G07036 iog.

Weekly ACR Mammo Phantom Image

Nylon
Fibers
Calcification
Clusters
Spherical
Masses
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http://www.coneinstruments.com/images/400/607096.jpg
http://www.pnwx.com/Accessories/Phantoms/Mammography/

Boundary Detection and Localization

WeXxBhSEn:
PEUROETY

GELECTION]

Approximate
object
localization

Object Detection and Measurement

[onecr ||

Fiber 1 1.45

Fiber 2 118

Fiber 3 0.93

Fiber 4 0.78

Fiber5s 054

Background Fiber6 029

i i clcl 1270
(intensity and

standard Calc 2 9.60

deviation) Calc 3 561

Calc 4 4.88

QObject calc5 3.03

template Mass 1 4.02

boundary Mass2 180

Mass3 138

Til'get Mass 4 091

lntenskv Mass 5 0.46

Ensuring quality and safety:
3 spheres of quality assurance

System performance assessment
Quality by inference

1w Automated characterization
Relevant metrology
3. " Metric tracking and analytics

R
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Parameters that affect IQ

Feature of
interest
5. Resolution
6. Viewing distance Image details
7. Display
Distractors

Image quality vs CNR

Lesion presentation NR

Feature of 2. Lesion size
interest 3. Lesion shape
4. Lesion edge profile

5. Resolution
6. Viewing distance Image

7. Display details

Distractors 9. Noise texture
10.Operator

Iterative FBP
Reconstruction Reconstruction

i,
'
'

v

Noise
texture?
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CNR vs observer performance
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Observer performance

d’ vs observer performance

 Vendor A, FBP
mVendor &, IR
4 Wendor 8, FBP

y=0.9874x + 1.8585
R*=0.9292

05 -
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160

180

 Vendor 8, IR
* Vendor C, FBP
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Quality index phantom
Duke Mercury 3.0

Mercury Phantom

e Three tapered, four cylindrical regions of
polyethelene (Diameters: 16, 23, 30, 37 cm)
e Cylindrical inserts
— air, polystyrene, acrylic, teflon
— different concentration iodinated

Wilson, AAPM 2012
Winslow, AAPM 2012

imQuest

(image quality evaluation software)
HU, Contrast, Noise, CNR, MTF, NPS, and d’ per patient size, mA modulation profile

nisl
deit D44+ 3 =3

0t e T

b
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-
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Ensuring quality and safety:
3 spheres of quality assurance

System performance assessment
Quality by inference

Prospective protocol definition Retrospective qual|ty assessment

IQUBWMWa‘md characterization -
Tevant metrology
3. Metric tracking and

C ”

Nuclear Medicine non-uniformity

Crosshatched artifact pattern
(system has square PMT’s)

Nuclear Medicine non-uniformity

N = N
Integral Uniformity = —m&___min * 100%
2.87% Action limit = > 5.00% 2.81%
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Structured Noise Index (SNI)

.
b

—

Eye Filter

NPSg Filtered NPSg Artifact Image
gjb;;:c:n SNI ¥ Filtered NPSg - du - dv
uantu - -
FT Noise Y Filtered NPS; - du - dv

)

=

Eye Filter

Flood Image NPS; Filtered NPS;

Flood Image ——»  Filtered NPS ——5  Artifact Image

aamiss

; Is SNI Va|ld.)--— :

04 PR _

* Observer studv‘S‘S rmages 5 observers, 2 settings

i 1" 20 25 10 a5 2 Yy

S e e
N UFOV CFOV
Sensitivity 62% 54% 100%
Specificity 90% 83% 95%
PPV 67% 50% 87%
NPV 88% 85% 100%
Accuracy 84% 76% 96%
R2 0.426 0.462 0.766

a3+ Nelson Js, Christianson OI, Harknes¢, BA, et.al. Improved Nyclear-
Medicine Uniformity Assessment Using Noise Texture Analysis. JNM

Avoraga chsanver scorm
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Integral Uniformity vs SNI

CFOV IU = 2.81% SNI=0.78
Action limit = > 5.00% Action limit = > 0.5

SNI tracking and analytics
O~
=

]

G alaris UFOV %

P T TR TV
i ‘rﬁ"'}’.‘u:fal--;,,

GE Xalarls CFOVS.
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Input Flood Image
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Ensuring quality and safety:
3 spheres of quality assurance

System performance assessment
Quality by inference

Prospective protocol definition o irocpective cualiny arsesament
Quality by prescription Quality by outcome

Quality indices
A, ...)

Optimization
framework

Different patients
and indications

lion regime

Safety i

7/22/2014

(organ dose,
«° eff. dose, ...)

Scan factors
(mAs, kVp, pitch, recon,
kernel, ...)

Feature with iodine

4 [3
Eff dose (mSv)
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Quality-dose dependency
Patient size effect

Iso-gradient optimization points to define ALARA

Patient size/age

030546 & 101214 16
SSDE (mGy)

Li et al, Med Phys, In review.

Quality-dose dependency
Quantitative volumetry via CT

PRC: Relative difference between any two repeated
quantifications of a nodule with 95% confidence

25%

16%

eters (mm)

-n
@
T
°
j=23
am
3
e

Lesion diamelers (mm)
w &

Patient-specific protocoling
Radiography technique chart
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Transmission Factor (TF) coefficients: Grid number 1, SID = 40 inches

TF = (€, * kVp? +C; * kVp + C3) *expl- C4 * Thickness)

Field size (at SID) [in] | Cy C; C Cy
5x5 -1.652E-06 | 0.007343 | -0.2357

10x10 2.288E-06 | 0.005843 | -0.2026

14x14 3.522E-06 | 0.004838 | -0.1631

Facial bones: Lateral position

Size | Thickness|

largel | 160

Small

S EEBEEEE
glz|d|a|8|8(e|8|3
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Clinical Technical Note 5 - 12 Mas 2012

Insituaion - wide use of the Duks Technique Chart for projection radiography wal help
improve consistency of patient dove and image qualty.

Why do e newd @ technicue chart?

P ——
Whot are the featumes of the new Duke Techmipue Chart?
* Each chart s umique for » tube - image receptor sombination.

 The targes mas shouid be used for mamual techniques o emsre constant mage.

HEHBHEH
EIEIEIEIEAEY H

&\. HHEEHEH
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Mean of total Acq. Duration

1832 exams
40 days

500 1000 1500 2000 2500 3000

Josh Wilson, PhD

Ensuring quality and safety:
3 spheres of quality assurance

1. Protocol tracking
2. Dose monitoring and analytics
3. Quality tracking and analytics

Retrospective quality assessment
Quality by outcome

24
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4 goals of dose monitoring

. How?

— Recalling early days of PACS

. What?

— Meaningful metrics to track
— Patient-specific metrics, organ dose

. So what?

— Analytics and follow up

. Standardization

— Systematic implementation of the process

7/22/2014

25



Dose Index Analytics: More Than a Low Number

Ehsan Samei, PhD, Olav Christianson, MS

What do we know about CT dose, — The ACR initiated the CT Dose  a few analytic methods that can be
what is its variability across med »

ical Index Registry® in 2011 asan cffore  applicd to the dose dara o extract
can we ensure o monitor CT radiati meaningful knowledge toward qual

hundreds ¢

Dose analytics

1. Benchmark doses against national
references

2. Establish diagnostic reference levels
3. Identify mis-dose conditions

4. Evaluate and enhance operational
consistency

DIR Comparison

Lightspeed VCT
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o0
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SRS L OFEALSLEEELERS R & &
v‘\o « S @9@& 8@ &6}'3\& Q\‘ice‘*o o& ‘v& o&o&o& N('\Tbov \‘;\o Q’!3\"’(z S‘}V\:“}&
D N O F QIR I\ SR AR RN RN %
S EFTE S EX DN EF P & o O
PN O LW LD AD PN TLCEE S SO S
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RIS & o TN
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5 PN H Duke
N
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Size (cm)
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Breast Thickness vs. Glandularity %
Full-field, CC view

29



1. Lung grey level
2. Lung detail
3. Lung noise

4. Rib-lung contrast
5. Rib sharpness

6. Mediastinum detail
7. Me num noise
8. Mediastinum alignment

9. Subdiaphragm-lung contrast
10. Subdiaphragm area

7/22/2014
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Mediastinum Noise

|©  All observers

Observer ranking

¥=0.92x+0.28; R=0.92
2 3 4 5 6
Algorithmic ranking

Establish Image Quality Reference Levels
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Average Lung Noise

Acceptable
Quality

Average Lung Detail

| ' I |
15
10
o

13-42
19-31
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