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e Multimodality environment.

e Requirement for greater understanding of the imaging technologies
used, the limitations of these technologies, and how to best interpret
the results.

e Dose optimization.
e Introduction of new techniques.

e Current practice and Best practice.




Incidental findings, in low-dose CT images obtained as part of the
hybrid imaging process, are an increasing phenomenon with
advancing CT technology.

Resultant ethical and medico-legal dilemmas.

Understanding limitations of these procedures important when
reporting images and recommending follow-up.

Free-response observer performance study was used to evaluate
lesion detection in low-dose CT images obtained during attenuation
correction acquisitions for myocardial perfusion imaging, on two
hybrid imaging systems.




e CTAC acquisitions on GE Infinia Hawkeye 4 and Siemens
Symbia T6 (situated side by side + diagnostic CT).

e Anthropomorphic chest phantom with simulated tumour
lesions of varying densities and sizes.

e Manufacturer’s low-dose CT settings for attenuation
correction of myocardial perfusion images.

e JAFROC analysis.

e Relate lesion detection data back to the clinical setting on the
specific equipment used in this research.




Multipurpose Chest Phantom N1
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e ‘Setting the scene’.

e Established correct operation of the equipment.

e Imaging for any rogue lesions prior to placing any
simulated tumour lesions.

e Diagnostic quality CT images to be used to establish
“truth” data for low dose CT images.







SIEMENS

Siemens Healthcare
Diagnostics
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Increasing pitch increases
Interspaces between
helical paths.

Seeram, E. (2009). Computed Tomography
— Physical Principles, Clinical Applications,
and Quality Control. (3rd ed.) St Louis, US:
Saunders Elsevier. p.260 [Figure 11-21].
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Care Dose4D: Example of
a lateral and a.p.
attenuation profile
evaluated from an a.p.
Topogram.
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Siemens. SOMATOM Emotion Application Guide.
[Product information C2-019.630.01.01.02].



tube current
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Siemens. SOMATOM Emotion Application Guide.

[Product information C2-019.630.01.01.02].

Care Dose4D: Example of a
dose modulation profile where
high tube current and strong
modulation are seen in the
shoulder and pelvis, and lower
tube current and low modulation
are seen in the abdomen and
thorax. The dotted lines
represent the min. and max.
tube current at the
corresponding table position
and result from the attenuation
profile of the Topogram.



Kernel names: Kernel names have 4 positions. Example: B31s.

Pos.1: kernel type (B=body, C=child head, H=head, U=ultra high resolution, S=special
kernel, T=topo. In former times: A=abdomen, L=lung,p=petrousbone)

Pos. 2: resolution (1,...,9. Higher number -> higher resolution)
Pos. 3: version (0,...,9)
Pos. 4. scan mode egq. f=fast, s=standard , h=highres, u=ultrahighres

e BO8s is a special kernel for SPECT AC.

e B30s is a standard kernel
e B60s is a sharper kernel that is used for thorax (cervical
spine, shoulders, extremities)

Reference: Siemens Medical Solutions




SIEMENS Symbia

Bone Window

B08s B30s B60s

wy

B08s B30s

L XL K

Symbia T — CT Reconstruction Kernels

CT Low — Dose CT for attenuation correction and anatomical localization (19 mAs, 140 kV)
Reconstruction with 3 different kernels

Data Courtesy: Bundeswehrkrankenhaus Ulm, Gemrmany, Nuclear Medicine, B. Kiemenz MD




CT Dose Information (Image Acquisition — Infinia Hawkeye 4)

CT Dose Information (Image Acquisition - Symbia T6)



Symbia T6 Infinia Hawkeye 4




e Ethics

e Image viewing facilities
e Diversity of observers

e Adequate numbers of participants
e Number of images to be evaluated

e Observer training

e Minimize effects of observer variability
e Statistical power of the analysis




e Web-based image display and response capture
software (Created by John Thompson)

e Login and password

Image Sets fMJ Chest Phantom 1: O of 46 images (O’Gmmplete).

Lite @ Flash ©

Start Image Evaluation



http://www.rocview.net/

@® Mark it by placing the cross-hairs
over the lesion and left click the
mouse button

@ A yellow marker with a number will
show where you have marked

@ Then score your confidence using
the slider bar, or remove your
mark if you have made a mistake

@® Left of bar is low confidence

@ Right of bar is high confidence

@ Repeat this process for each
simulated lesion

® The position of the marker can be
moved, the slider adjusted and
clicks removed, only while still on a

particular image




e Vision & perception : visual signals & what we actually see.

e Radiography : 2-dimensional; contours; dominant visual mechanism
e Satisfaction of search : detection of one lesion interfering with the

detection of another.
e Conspicuity : standing out from the crowd.

e Human visual system adaptation to noise.

e Multistability : pleurality of perception.




Multistability:

Papageorges, M. (n.d.). Visual Perception And Radiographic Interpretation. VDIC website. Retrieved
20 June, 2013 from: http://www.vdic.com/casedatabase/casedatabase_visual_perception.asp



® FOM (Figure of Merit) : for the perfect observer the JAFROC FOM
would be ‘unity’ ie. 1

® Symbia T6 = 0.810 (95% C1:0.781 , 0.839)
@ Infinia Hawkeye 4 = 0.599
(95% CI : 0.568 , 0.631)

@® p-value < 0.0001 significant result p<0.05

® F statistic = 224.1 Critical value (0=0.05) F(1,21) =4.3248




JAFROC FOM
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Graph 1 showing JAFROC reader-averaged FOM with 95% confidence intervals for
both imaging systems; Graph 2 showing the inter-treatment difference in JAFROC
reader-averaged FOM between the two imaging systems.




Lesion Localisation Fraction (LLF)
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Figure 21:Case 8 (Symhia T6) demonstrates
partial volume effects and complexity of
surrounding structures. Lesions 1&2 show
partial volume effects and lesion 3 is almost
lost amidst its surroundings.
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@ Limitations + advantages of phantom work.

® Equipment limitations.

® Lesion detection (size, location, density, shape)
@ Visual perception + lesion visibility.

® JAFROC analysis — weighted JAFROC

® Reconstruction algorithms.

@® ‘Incidentalomas’ — to report or not to report?
@ Interpretation of research findings within the clinical
context, specific to the equipment.

® Future research.




Lesion Detection Performance: Comparative Analysis of Low-
Dose CT Data of the Chest on Two Hybrid Imaging Systems
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Incidental findings on low-dose CT images obtahed dusing
ybeid imaging are an increasing phenomenon as CT technol-
ooy advances. Understanding the diagnostic vake of incdental
findings along with the technical limitatons is important when
mporting image msullts and recammending tollow-up, which
may result in an addional radiston dose wom further di-
agnostic imaging and an increase in patient anxiaty. This study
smsessed lkeimns Reidentaly datected on OT images aeouired
for attenuation comection on two SPECTC T systems. Metho ds:
An anthropomornphic chest phantom containing simulated
ksions of varyhg size and density was imaged en an Infinia
Hawkeye 4 and a Symbia TE using the low-dose CT seflings
applied for altenuation comection acquisitions in myocasdial
parfgion imaging. Twenty-two nlaprelers assessed 46
images from each SPECT/CT system (15 nosmal images and
3 abnormal images; 41 kesions). Data wes evahated using
a jackknile alernative lresresponse receier-operating-
characteristic analysie (JAFROC). Reaults: JAFROC analysis
showed a significant dilerende P < QUD0D ) in ks ion d etection,
with the figums of mert being 0.599 95% confidenos interval,
0L 568, 0U631) and DUB1D {B5% confidence intesval, 0LTE1, 0LE3G)
for the Infina Hawkeye 4 and Symbia TS, respectively. Lesion
datection on the Infinia Hawkaye 4 was genemlly imied to
larger, higher-density lesions. The Symibia TE allowed improved
detection rates for midsired lesions and some lower-density
Bsins. However, inlegralars stugoied b datect smal (5 mm)
lemons on both image sels, irespective of density. Conclus on:
Lesion delection is mone miable on low-dose CT images fom the
Symibia TE than from e Infinia Hawseye 4. This phantom-based
=shidy ghves an indicaton of pobental lesion detection in the dimcal
conbest as shown by two commonly used SPECTICT systams,
which may as=ist the cinician in determining whether fusther di-
aonoatic imaging & uetlied.

Key Words: JAFROC; observer perormance; low-dose CT;
CTAL: incidental findings

J Huel Med Technol 201% 43:47-52

DoCH: 10. 2867 nmL 114147447

Th: nead for the research performed in this study came
ahout with the advent of hybrd SPECT/CT technology and
the subsaquent pheromenon of ncidental findings on the
low-dose CT images aoqguired for amenuation comection
(CTAC) for myocardial perfusion imaging (MPT). Attenu-
ation cormection of the SFECT data obtained in MPT acquisi-
tions iz needed because atenuation of soft Gsswe i the
chest musculamre, breasts, and sometimes diaphragm
may cause antifacts resembling perfusion defecs, which
vary with each patient (/). The current use of low-dose
CT for this purpose produces image data that are then con-
vened into an aftenwafion correction map, which i subse-
quently applied to the SPECT data to produce mone
accurate images with increased specificity and improved
diagnostic performance (2.5,

The existence of the CT information and the extent of its
use in the detection of incidental pathology have become
controversial, with discussions on ethical issues and
comcem about the added mdiation dose in resultant follow-
up examinations {4 5). Those reporting the imaging results
nead to understand the technical limitations of te images,
which may influence the confidence level on which any
recommendations for funher examinations are based
{6.7). Incidental findings have heen referred to as “unsought
information generated in the seeking of the informaton one
desines™ (8). Although such information can be beneficial,
it can also be of detriment to the patient (a5 can a false-
positive repont) by causing increased anxiety, excessive diag-
nostic inervemion, and extra cost (4). If reporied or not
reported, incidental findings, or “incidentalomas” can also
lead to medicolegal dilemmas (9). Whatever one's perspoc-
tive, the reality is that low-dose CT images mow have the

e -



university of

Salford

MANCHESTER

Nuclear Medicine Department at Manchester Royal Infirmary (UK) and in

particular physicists lan Armstrong and Deborah Tout.
Cumbria University (UK) for the use of their anthropomorphic chest phantom.
Dr Hans Vija, PhD (Director, Science and Technology - Siemens Healthcare).

Participants in the ROCView image evaluations.

Nuclear Medicine at Brighton & Sussex University Hospitals NHS
Trust (UK) for their continuing support for my research.

Brighton and Sussex NHS
University Hospitals



www.brightonpad.co.uk

Thank you

Maryam.Jessop@bsuh.nhs.uk

I |
VII Konferencja Naukowo-Szkoleniowa ‘
Polskiego Towarzystwa Chirurgii Naczyniowej %

14-16 MAJA 2015 .- POZNAN

CHIRURGII NACZYNIOWE]

(POLISH SOCIETY FOR VASCULAR SURGERY)

W POLSKIE TOWARZYSTWO




