Protocol Conversion and Optimization
When Converting from CR to DR
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Assumption:

You already have an imaging
operation where projection
radiographs are being
acquired using CR integrated
Into a large-scale PACS

Dop.tPanic

The fundamental physics of
projection radiography apply to
CR and DR




Converting from CR to DR
IS not that different from
converting from SF to CR

- Images will look different
- Radiographic technique
likely not optlmal




Thank you for your time and attention!
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Seriously, conversion and optimization is a three step
Process

- Understand the sources of
variability in DR imaging

- Do everything possible to establish
consistent presentation of DR images

- Modify presentation under
controlled conditions that don’t
Interfere with clinical operations

Start with a single exam and a
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DR images will look different

- Even if you continue with the
same vendor, consistent
presentation of images is not
guaranteed

- Digital image processing may
not be identical




Each vendor provides default settings for digital image
processing

- Only agreement is that end
users don’t like them and
customization is laborious

- Do they include all
‘examinations and views in 'y




Consistency vs. Optimization

- Vender default digital image
processing settings are
unlikely to be optimal in any

Iven clinical setting, unless
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There is no consensus on the correct appearance for any digital
image.

- Processing controlled by
numerous adjustable parameters

Some under operator control

Some known only to manufacturer

Appropriate amount depends



Radiographic technigue likely not optimal

DQE of CR detectors is
generally 1/2 that of DR -
less mAs needed for same
noise statistics

K edge of CR detector may
be different from X-Ray
conversion layer of DR
detector - for GAOS higher
kVp appropriate; for Csl
probably same kVp

Caveat: too low a kVp may
produce excessive contrast
at excess patient dose, esp.
using AEC

iciency
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K-edges of Conventional Screens

Brand Name Composition K edge (keV) Speed Class

Cronex Par CaWQO, 70 100/250
Speed/Hi Plus (CRONEX 4)
Lanex Fine/ Gd,0,S:Tb 50 100/250/400
Mediunm/ (ORTHO G)
Regular
Quanta V Gd,0,S:Tb 50 & 39 320/400
+ LaOBr: Tm (CRONEX4/8)
Quantz LaOBrlm. ... . 39. . | 800




How can we exploit DR’s dose efficiency?

- Digital image processing of the
same DR image by different
vendors’ methods using default
Image processing settings
significantly affects perceived
Image quality.




Following the vendor’s default radiographic technigue
can be problematic

- kVp can vary widely

- Beam quality at the same kVp
can vary widely (1st and 2nd
HVL

Did vendor use same SID?



There is no consensus on the correct appearance for any digital
image

- Processing controlled by

5 numerous adjustable
Interval Change. parameters

Same female 8 y/o Chronic Myeloid Leukemia patient
10/7, 10/10, 10/14

Some under operator control

Some known only to
manufacturer

Appropriate amount depends



Exposure factor feedback likely different

- Traditional exposure indicator

units are common practice in
CR

- DR systems being installed
today typically provide IEC



No standards exist for the amount of radiation necessary
to produce an acceptable CR or DR image

Auto-ranging allows CR and DR to make nice-looking images at both low and
high exposures

Higher exposures tend to make images look less noisy and foster “dose creep”

Exposure factor control is all about balancing the need for radiation to reach the
detector with the need to limit dose to the patient

Only enough SNR is needed to visualize important clinical features
Exposure indicators were developed to provide operator feedback on how much

radiation reached the detector

Traditional exposure indicators

Agfa Fuiji Kodak/CSH | Konica/Minolta GE Philips Canon Swissray IDC




The variety and inconsistency of traditional Exposure Indicators
created a problem for technologists who worked with different
CR and DR systems.

: s The International Electrotechnical
The American Association of Commission (IEC) published a standard for

ySIcEls I eI e e M ask Exposure Index definitions in August 2008
Group 116 published a report on P J -

exposure indicators in July 2009.
The medical equipment manufacturers have

Basic concept included an exposure been implementing this standard into their

index that is proportional to the Air new CRand DR systems, including their
KERMA (exposure) at the detector. associated QC systems.




Digital image processing must first find the “Values of Interest”
(VOI).

- Exposure recognition

Detecting the Values of Interest (VOI) . Detect collimator boundaries or
anatomy within FOV

- WW/WL Adjustment via
Histogram Analysis produces:

- Exposure compensation



Digital image processing must first find the “Values of Interest”
(VOI).

- Exposure recognition

Failing to Detect the Values of Interest
(VOI)

Detect collimator boundaries or
anatomy within FOV

- WW/WL Adjustment via
Histogram Analysis produces:

- Exposure compensation



New exposure index has caveats

- By definition it reports detector
exposure of standard beam

- |t depends on detector
calibration

- |t depends on detection of the
- field of view, the determined
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TG 116 provided some guidance on TG 232 was to establish “practical”
how DI could be used (Table 2.) DI recommendations

. e | tigati f the state of t]
- The guidance was not well-thought out. Pz SRl R ReE o il s

To establish achievable goals (reference

too strict and did not accurately reflect levels)

clinical practice”

To establish action levels in DR

generated controversy in the community



Just like the traditional Exposure Indicators,
the new Exposure Index and Deviation Index are subject to interferences
(and must be properly calibrated and configured)

Beware segmentation errors!




Different QC

- CR practitioners are familiar
with QC activities necessary for
consistent imaging results



What should we monitor?

-
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-
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- Vendor automated or semi-automated
QC can be helpful especially if you follow
longitudinal results

- A simple flat field exposure can reveal
problems

- Gain and offset calibration is the primary
countermeasure for many problems

. Detector problems manifest in clinical
~images in noise, inappropriate contrast,

-
A
-
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| measurements vs. Automated QC

INica

Cl

Rule
violation
y
Yes
GE Action Limit
5/6/2015 6/25/201

UN-2015 08:32
15-JUN-2015 09:00
09-JUN-2015 08:54
08-JUN-201510:35
03-JUN-2015 10:42
01-JUN-2015 08:04
26-MAY-201512:03
20-MAY-2015 06:48
27-AUG-201417:51
26-AUG-201412:17
25-AUG-2014 07:53
20-AUG-2014 16:29
19-AUG-2014 14:24
18-AUG-2014 10:34
18-AUG-2014 09:14
13-AUG-2014 10:32
12-AUG-2014 09:50
11-AUG-2014 10:31
06-AUG-201419:10
06-AUG-2014 10:43
30-JUL-2014 09:27
29-JUL-2014 08:36
28-JUL-2014 10:22
23-JUL-201415:18
22-JUL-2014 16:00

Image
Quality

Complaint
Detector recalibration

3/17/2015

—

12/7/2014  1/26/2015

First rule violation
10/18/2014

‘ Detector replacement
8/29/2014
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Automated evaluations of the image receptor

DirectView

: 9101033249

Phantom Image Test Size: 18x24 GP

Pixel Size:  [PASS!|
AspectRatio: [ PASS

Scan Linearity: | pass

Exposure Response: PASS
s [ e

Noise: PASS

MTF: PASS

Pixel Position: PASS

Flat Field Image Test

Field Uniformity: | IREADYI
Line Position: m
Banding:  [JJREADYI
Chatter:  |[IRERDYI]
Streaks: m

Erased Image Test

Erase: m

System Noise Test

System Noise:  [JIREADYIN

DirectView

24 x 30 GP Phantom Test
1011512001 Cassette ID:

Date Tested: 9102033050

Pixel Size Error Fast(%):
Pixel Size Error Slow(%):

Aspect Ratio Error Left(%):
Aspect Ratio Error Middle(%):

s Aspect Ratio Error Right(%):
e Aspect Ratio Error Average(%):

Syaterm Linearity ([Dose Rl

— Fast-Scan Speed Error(%):
L5 > Slow-Scan Speed Error(%):

- Low-Exposure Response Error(CV):
A0 - Mid-Exposure Response Error(CV):
- High-Exposure Response Error(CV):

A= - Low-Exposure Noise(CV):
- Mid-Exposure Noise(CV):
- High-Exposure Noise(CV):

=0 o —* Fast-Scan MTF @50% Nyquist(%):

- Fast-Scan MTF @95% Nyquist(%):

Slow-Scan MTF @50% Nyquist(%):
Slow-Scan MTF @95% Nyquist(%):

—— Fast Specification Limits

. i . —— Slow Specification Limits
Pixel Position RMS(pixels):

100.0

0.00

1
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Variation in Exposure-dependent SNR is improved by
gain and offset calibration

Fourteen GE DR systems, LucAl Chest phantom at 125 kV/p

SNR from central RO/ of “for processing” image

Bad detector

100000 100000

Detector exposure (MR) Detector exposure (mR)

Before calibration After calibration

Performance data on large numbers of DR systems under
simulated clinical condlitions are needed to establish action limits



Different artifacts

- Algorithms for VOI determination
are likely different for DR, thus
automatic FOV determination
failures are different

- (ain and offset calibration is 2D
iIn DR but only 1D in CR, thus
detector element failures and drift
In analog components manifest
differently




Both CR and DR must be corrected for non-uniformity.

Uncorrected DR image

- In DR, corrections must be applied for
differences in gain and offset among
individual detector elements (dels) and
amplifiers as well as ¢ tions for




Both CR and DR must be corrected for non-uniformity.

Corrected DR image

- In DR, corrections must be applied for
differences in gain and offset among
individual detector elements (dels) and

amplifiers as well as corrections for




Both CR and DR must be corrected for non-uniformity.

In DR, corrections must be applied for
differences in gain and offset among
individual detector elements (dels) and
amplifiers as well as corrections for
nonfunctional (“"dead”) dels .




Both CR and DR must be corrected for non-uniformity.

Corrected DR image

- In DR, corrections must be applied for
differences in gain and offset among
iIndividual detector elements (dels) and
amplifiers as well as corrections for

nonfunctional ("dead”) dels .




Both CR and DR must be corrected for non-uniformity.

Pediatric KUB cassette-based DR

70 kVp 5 mAs - In DR, corrections must be applied for
differences in gain and offset among
individual detector elements (dels) and
amplifiers as well as corrections for
nonfunctional (“dead”) dels .

These corrections are applied in two

i




Both CR and DR must be corrected for non-uniformity.

Calibration DR image

In DR, corrections must be applied for
differences in gain and offset among
individual detector elements (dels) and
amplifiers as well as corrections for
nonfunctional (“dead”) dels .




Both CR and DR must be corrected for non-uniformity.

Uniform DR image
detector rotated 180° relative to x-ray tube

nonfunctional ("dead”) dels .

In DR, corrections must be applied for
differences in gain and offset among
individual detector elements (dels) and
amplifiers as well as corrections for




Both CR and DR must be corrected for non-uniformity.

Inverse pinhole images of the focal spot!

Owte 03 40 2030 3320 ¥0]
Tt Mool Corton Poshanous DR 2

ERais|

| . InDR, corrections must be applied for
differences in gain and offset among
individual detector elements (dels) and
amplifiers as well as corrections for
nonfunctional (“"dead”) dels .
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The radiologist interprets the image based on its appearance on
a PACS display.

- What the radiologist sees is limited by all
the previous stages of image acquisition Was the proper examination selected?
and processing plus new limitations
imposed by the PACS, the display station,
and the ambient illumination conditions.

The display may not be calibrated in
aocordance with the DICOM Part 14




The radiologist interprets the image based on its appearance on
a PACS display.

What the radiologist sees is limited by
all the previous stages of image
acquisition and processing plus new
limitations imposed by the PACS, the
display station, and the ambient
llumination conditions.

Where was the actual radiation field?

The display may not be calibrated in
accordance Wlth the DICOM Part 14



Does digital masking complicate radiologist oversight of
technologist practice?




"A common mistake that people make when trying to design
something completely foolproof is to underestimate the ingenuity of
complete fools.”

Double exposure in CR
Unnecessary jewelry

IDIOTS

We all know one




Other considerations

- Durability of DR detectors

.Nm,_,_m.w_.-..
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DR detectors are not indestructible

- Consequence of damaged DR
detector far greater than a
single CR cassette or imaging
plate

- DR detectors can experience
shock even in wall or table

E



What is the expected life of a DR detector?

y = -0.0052x + 218.2
R*=0.8897

25
24

Because systems are relatively .
new, manufacturers are .
uncertain about longitudinal data

20
19
18
17

Lower limit for testis MTF @ 2.5 i

15

7e31S
Ip / mm = 17% 2/13/2002  9/1/2002  3/20/2003  10/6/2003"° 4/2313004" “11/9/2004 5/28/2005 12/14/2005

Date

MTF @ 2.5 Ip/mm

A6 QAP data y = -0.0023x + 104.85

CslI(TI) is hygroscopic - columnar
structure is degraded

Both systems depicted required
detector replacement

Spatial MTF at 2.5 Ip/mm

15 7e31°S

3/20/03 6/28/03 10/6/03 1/14/04 4/23/04 < 8/1/04 11/9/04 2/17/05 5/28/05  9/5/05
Date




Grids

- DR detector does not distinguish
between on-focus and off-focus
radiation - it’s all signal

. Grids from CR or from DR vendor
may not have appropriate grid
rate, transmission, or scatter
rejection




DX versus CR object

- DR systems should be
configured to output DICOM
DX object to PACS

P o s e
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- More functionality s

More mandatory vs. private tags




Summary and Conclusions

- Proactive and reactive effort by
the medical physicist is
required to ensure consistent
DR images for the radiologist at
reasonable doses to the patient

Optimization of DR imaging is
an elglefellgle process requiring




“So long, and thanks for all the fish.”
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gy is
stuff that
doesn’t work )
Douglas Adams
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“So long, and thanks for all the fish.”

Willis et al 2011 Med Phys 38(7) — Gain and Offset
calibration

Li et al 2016 JACMP 17(5) — TG150 tests

~ “Technology is
stuff that
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