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Background CT scanning

Monoenergetic parallel beam
by a uniform attenuator



Imaging/measurement using CT
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Motivation

Radiologists face significant variation in the CT
| got an 80 kVp single-energy images they are asked to evaluate, due to the

CT. I'd like to compare HU in a . . .
fiver leslonwith an image diversity of CT scanners and reconstruction

acquired at 140 kVp multi-energy 7 J options.

80 kVp Single- 140 kVp o N
Energy CT Multi-Energy Which scan parameters provide comparable keV

’”\‘\ across manufacturers?

Which virtual monoenergetic image can we use
for comparison?

Lookup table based on mean energies.



CT values varies across vendors for same kVp

°T number meas
1 Toshiba scanners. For each entry,
quartile range.

JOURNAL OF APPLIED CLINICAL MEDICAL PHYSICS, VOLUME 14, NUMBER 6, 2013

Scanner and kVp dependence of measured CT numbers in
the ACR CT phantom

Robert J. Cropp,'a Petar cesh ,! David Tso,? Yogesh Thakur!-2
) oy

TaBLE 8. imber measurems ' . Data are from 24 GE, 7 Siemenc Stemens SPECT-CT. and
1 Toshiba scanners. For each entry, the ralue 1s the median and the d value (in pare 1s the mter-
quartile range.
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Spectral imaging systems

Detector based “Conventional CT” X-ray tubes
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Detector based

Photon counting

Dual layer

b 4

Detector
Philips Iqon Spectral CT
Philips CT 7500

A

Spectral imaging systems

“Conventional CT”

,/ N

X-ray tubes

Dual Source
Siemens SOMATOM Force
Siemens Definition Flash
Siemens SOMATOM Drive

|

Split beam / Twin beam
Siemens Definition Edge
Siemens Definition Edge+
Siemens X.Ceed

Sequenced Al based
Sequence /Twin spiral Eingd specter +
Philips Ingenuity Al
Philips CT5000 Aquilion One
Philips iCT Elite Insight
Philips Incisive CT
Philips big bore
Siemens SOMATOM
20.0pen Pro

Siemens On site (mobile)J

Rapid kV switching
anon Aquilion Genesis

Canon Aquilion Genesis One

GE Revolution Frontier
GE Revolution CT Apex Edition (+AI)
GE Revolution CT ES (RT)
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The vision

Scanner Mean
model kVp Filtration HVL [mm Al]|energy
Siemens 6.2 mm Al +

Force 100{0.3 mm Ti 7.4 59.4




Simulations

e Information about all scanners were collected from the documentation
provided by the manufacturers.

« Expected spectra, HVLs and mean energies was simulated, using the Birch
and Marshall calculation [1].

» The simulation results and documentation was used as a guideline when
choosing the amount of Al needed for the measurements.




Simulations
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Measurements

» Dosimeter was placed in the ISO-
center of the scanner.

« Exposures was done with a
stationary x-ray tube.

 Dose was measured with
increasing amounts of Al, until it
was halved.

« The HVL was interpolated from
these measurements.




Linear vs non-linear HVL calculation

« The HVL is determined through interpolation of the measurements.
 This can be done with a linear or exponential model [4].
« Both models fit the data with a coefficient of determination >0.99

_a*—(a—2b-Al)*

Dose =a-Al+ b Dose — Dosey - e 4b
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Preliminary Results

« The HVLs determined by linear regression are on average 1% higher than the
HVLs determined by the exponential model.

« HVLs determined by the exponential model are on average 8% higher than
listed in the documentation.

» The actual mean energy from the scanner was estimated by adding Al in
the simulation until it matched the empirical HVL.



Preliminary Results

Scanner specs/ settings Measured value Simulated

A A

HVL[mm Al] given in [HVL[mm Al] achive measured Mean
endor Model mm Sn specs measured HVL energy [keV]
Siemens SOMATOM Force 4,9 5,225 2,31 47,8
Siemens SOMATOM Force 5,5 5,875 1,52 51,9
Siemens SOMATOM Force 6,2 6,78 2,335 56,1
Siemens SOMATOM Force 6,6 7,409 2,275 59,4

Siemens SOMATOM Force 7,2 8,494 4,935 63,8
Siemens SOMATOM Force 7,8 8,506 2,295 65,1
Siemens SOMATOM Force 8,3 8,894 1,86 67,4
Siemens SOMATOM Force 8,8 9,254 1,44 69,6
Siemens SOMATOM Force 9,2 9,638 1,25 71,8
Siemens SOMATOM Force 11,8 12,448 40,75 79,5
Siemens SOMATOM Force 14,7 15,62 46,22 107,2




Discussion

« Even the corrected spectra
will not be 100% accurate.

» The 5% uncertainty in dose

measurements with the | | / \
Piranha multimeter. |

* Is it the same for every

measurement? / v \

« Wear and tear on x-ray tubes

Al Adjusted
e S Adjusted

* Potentlal dlfferences between « Siemens On.Site, 120 kVp, 0.4 mm Sn + 0.4 mm Ti.
same model scanners »  Adjusted with:

* 0.2186 mm Sn, Mean energy 84,3keV

« HVL12.744 mm Al




Problematic cases of using HU-values for diagnostic
purposes

—e— PCD 70 kVp Blood 40
e~ PCD 90 kVp Blood 40
—e~- PCD 120 kVp Blood 40

e- PCD 140 kVp Blood 40
—¥— EID 70 kVp Blood 40
=¥- EID 90 kVp Blood 40

—e— PCD 70 kVp Blood 70
e~ PCD 90 kVp Blood 70
—e - PCD 120 kVp Blood 70

e- PCD 140 kVp Blood 70
—»— EID 70 kVp Blood 70
-¥- EID 90 kVp Blood 70
—+- EID 120 kVp Blood 70
=%+ EID 140 kVp Blood 70

—e— PCD 70 kVp Blood 100
e~ PCD 90 kVp Blood 100
—e~- PCD 120 kVp Blood 100

e- PCD 140 kVp Blood 100
—»— EID 70 kVp Blood 100

~ =%~ EID 90 kVp Blood 100
—¥- EID 120 kVp Blood 40

--¥- EID 140 kVp Blood 40

==~ EID 120 kVp Blood 100

--¥- EID 140 kVp Blood 100

CT or MRI findings cannot be used to accurately date SDHs. Sieswerda-
Hoogendoorn 2014, Review European journal of radiology

“hematom with expansion 55.7 + 2.9 HU, hematoma with no expansion

58.6 + 3.1 HU .. Intracerebral hemorrhage with lower mean HU of hematoma at
presentation is more likely to undergo hematoma expansion. Jeong et al. 2021,
International Journal of Stroke

“Cerebral vein thrombosis (CVT) ...The mean HU value was 75 + 7 HU in the
CVT group and 52 + 6 HU in the control group , threshold 66 HU Canakci et al
2021 The Journal of Emergency Medicine
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