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Background

Early 2010, CTUG topics included

“Inter-slice variation of noise...”
“CT number inaccuracy”

There were mentions of measurements failing the IPEM

tolerance
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Background

In response...

e Collated about 2 yrs worth of noise & CT number data by
manufacturer for use as alternative baseline to commissioning

1 | Scanner bazed:
va I u es 2 5D Water A Blood Bone
3 | Average
4 D ata iz from surveys between: 01./04/ 2008 B 01/09/2010 |
5 GE All Ehilipz All Marconi
G S Water Air Blood Bone 5D S Water Air Blood Bone 5D S Water Air Blood
7 obwerage |D287% 1.341 985 1227 1467 283 (0.25F% 1.457 -998 13381 1362 257| 0.443% 166 -991.7F 124.
a 0188% 076 9829 1212 14449 182 | 0270% 34  -89948 1291 138 27 | 0.523% 022 99025 123
q 0162% 03 9762 1225 14839 158 0302% 322 -599049 136 1319 3 0.362% 31 -95931 1
10 0316% 011 -990.3 12374 13703 313 | 0216% 45 1024 1333 143/ 22
11 n210% 137 9926 12222 14938 209 ( 0241% 11 9954 1247 1302 24
12 0.249% 248 9862 12504 14763 246 | 0331%  -33  -1000 137 1461 3.3
13 0223% 273 9837 12044 14812 22 [ 0261% 31 -9349 1239 1318 26
14 0.309% 3 -993.3 1265 1815 308 | 0180% 94 -8892 1467 1380 1.8
15 0.232% 258 78 123868 14607 227
16 0.242% 16 9857 1223 14722 239
17 0. 362% 1.5 9844 1252 14801 357
18 0.217% 11  -983EF 1235 14532 216
19 0.392% 14 9892 1228 145835 388
20 0296% 071 -989.8 12088 13921 293
21 0E49% 016 9771 11975 14819 E£.34
22 0212% 2h8 -9874 12286 14788 21
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Background

Since then... not much

e Recently the topic has been revived with more instances of
tolerance failure

e Used as an exercise for review of QA protocol
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Measurement Technique

WHAT ARE WE MEASURING?

e Noise
e CT Number

Gammex RMI
Economy CT Phantom 463

Acrylic & Cortical Bone
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Measurement Technique

SCAN PARAMETERS

Historically:
* Single axial slice, 10-12 mm @ 120 kV,, / 400 mAs

Latest protocol added:

e Outer slices for multi slice scan
e Repeatability

e Noise with varying mAs
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Measurement Technique

NOISE

e Standard Deviation from a ROI of about 40% (or 1/5 to 1/10)
of the feature size

e Normalised using:

- CT

S =0, /(CT ) x 100%

water air

e |[PEM 91 (CT06): Baseline £10%, 25%
e Historically, o for air, water, acrylic & bone were collected
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Measurement Technique

CT NUMBER

e Mean from a ROI of about 40% (or 1/5 to 1/10) of the feature
size

e IPEM 91 (CTO7): Baseline 15, +20 Water
1

15,
+10, £30 Other Materials
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Results

Data points
Expected CT No. -1000 0 =125 =1350
Mean CT No. -997.7 1.76 128.3 1421.4
Max , Min -963, -1032 9.4,-5.5 146.7,119.8 1538%*, 1198
(Range) (68.8) (14.9) (26.9) (340)
Mean S 0.311%

*6 Bone values were removed from
the data as it was suspected they
were taken using wrong technique
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Results

ateria] N | air | Wote | Acrc| Bone | S

GE 23 -987.32 0.850
Philips 16 -1002.06 1.375
Siemens 21 -1008.65 0.781
Toshiba 17 -995.44 4.547

*6 Bone values were removed from
the data as it was suspected they
were taken using wrong technique

CTUG 2011

122.91
134.07
129.79
128.68

1467.65 0.295%
1380.49 0.280%
1386.77* 0.286%
1457.46 0.368%

These S values are comparable to
published data from ImPACT
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Discussion - Noise

WHY MEASURE NOISE?
e Quantum Noise should be proportional to 1/SQRT(mAs)
» Other noise sources include structural / electronic

e Establish a relationship at baseline, and any deviation could
indicate issues such as misalignment, or reconstruction
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Discussion - Noise

BASELINE

e Commissioning
o Affected by kV / mAs / filtration / slice width /...
 Tube lifetimes — average = 3 years, surveys = 2 years...

e General pool

e T-test scores show that it is likely that different
manufacturers data is from different data sets

* Pool of same manufacturer / model
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Discussion - Noise

APPLY IPEM TOLERANCE TO BASELINE

*Pool of same manufacturer / model

Wanufacturr | Number | Pass | Remeral | Suspension-
GE 23 4 10 9

Philips 16 7 6 3
Siemens 20 5 5 10
Toshiba 17 3 7 7

TOTAL 76 19 28 29
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Discussion - Noise

WHAT IF...?

* Noise is outside IPEM suspension levels

e -25%:
e does this mean dose is increased?
* If not, does this mean this system is better?

* +25%:
e Are we losing contrast (high / low)
e Are the exposure factors being increased to

compensate (patient dose audit)

* Are there other problems (alignment / recon / etc)
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Discussion — CT Number

PURPOSE

* CT Number should be linear for material attenuation with
Air =-1000 & Water =0

e Compare displayed number with expected value

Used mean of each manufacturer for acrylic / bone
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Discussion — CT Number

APPLY IPEM TOLERANCE TO BASELINE

*Pool of same manufacturer / model

Waterisl | Number |Pass | Remecal | Suspension-
Air 80 34 44 2

Water 80 65 15 0
Acrylic 80 76 6 0
Bone 74 7 10 57
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Discussion — CT Number

APPLY IPEM TOLERANCE TO BASELINE

*Pool of same manufacturer / model
Wiaterial | Number | pass | Remedial | Suspension
Air 80 34 44 2

Water 80 65 15 0
Acrylic 80 76 6 0

Bone 74 7 10 /®\

Almost all from Philips
& Siemens systems
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Discussion — CT Number

Histogram of CT number of Bone with Philips scanners

A
[\

[\

/

\

1

/
/|

/

\

0

/o

—

\

1200

1250 1300 1350

1400

1450

1500 1550 1600

* Different distributions within manufacturer data — tolerance

not applicable to mean value
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Conclusion - Noise

SUGGESTION

e Tolerance is only applicable to an increase in Noise

* Noise tolerance is an absolute value rather than a percentage
e | don’t think | have enough good data to suggest a value

...but if pressed, | would say 0.5% as remedial level for
standard head protocol

 Possibly tolerances for other types of scanning (hi res, helical,
body, ...)
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Conclusion — CT Number

SUGGESTION

» Perhaps materials other than Water/Air, CT number variation
could be a percentage — again, don’t feel | have the data to
suggest values but perhaps linked to local QA?

* Really need to investigate the implications of being outside
tolerance
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Summary of thoughts

* Measurements vs Time allowed on scanner
e Are we all recording recon filter?

e What do any of us currently do if noise / CT number is outside
tolerance?

e What are the effects of being outside limits?
e Should we change the tolerance limits?

* Is using the pool of manufacturer data for a baseline
acceptable?
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