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ABSTRACT - It was our hypothesis that a radiomics analysis of cardiac
MRI parametric mapping images would identify features that can benefit
the diagnosis of certain myocardial diseases. We determined the
feasibility by evaluating the potential of radiomics to discriminate an
athlete’s heart from hypertrophic cardiomyopathy. We observed that
classification based on only two radiomics features outperformed the
conventional approach based on average T1 values.
KEY WORDS – MRI, Heart, Radiomics, T1 mapping, Hypertrophy

Introduction
In cardiac magnetic resonance (CMR) imaging, parametric T1 and T2
mapping has caused a paradigm shift in the study of myocardial
diseases. These T1 and T2 maps provide quantitative values that allow a
more objective comparisons between subjects and across diseases. In
addition, by combining pre - and post contrast T1 maps an extra-cellular
volume (ECV) map, indicative of fibrosis, can be derived. Analysis of
CMR mapping data is however time consuming and hence often
restricted to an average regional myocardial value. An automated
radiomics analysis can derive more “features” describing the complex
image texture present. Such radiomics methods have recently shown
improved diagnostic accuracy over conventional qualitative methods.
Only few studies have however applied radiomics to CMR mapping data
[1-3]. Here we aimed to demonstrate that a radiomics approach provides
superior capacity to distinguish hyperthropic cardiomyopathy (HCM) from
athlete’s heart over average T1 and ECV values. Differentiating intensive
training induced hypertrophy from HCM is important to identify athletes at
risk of sudden cardiac death.

Materials and methods
This study included data from 97 subjects diagnosed with HCM (acc. to
guidelines; [4]) and 28 athletes that took part in the Master@Heart trial
[5]. T1 mapping data was acquired on a 1.5T Philips Ingenia system
using MOLLI [6]. After respiratory motion correction and T1 and ECV map
calculation [7], the left ventricular myocardium was manually delineated
(3D Slicer; [8]). The radiomics analysis resulted in 194 features
(Pyradiomics, [9]). The dataset was then split (75/25%) for training and
testing purposes. A fast correlation based filter rank was applied to the
training data to derive relevant features. A further reduction to only two

features was based on the CA of a support vector machine (SVM)
learning method. Finally, the diagnostic accuracy (ROC analysis; [10]) in
the test data for the following predictors was determined: 1) median T1
and ECV 2) two most relevant features (training) 3) (1) and (2) combined.

Results
The two most relevant features were the histogram feature ‘ECV energy’
and the gray level size zone matrix (GLSZM) ‘native T1 zone entropy’
feature, a measure of heterogeneity in the texture pattern. A model to
distinguish HCM from athletes based on these features outperformed the
model using only median T1 and ECV values with both higher sensitivity
and specificity (table 1) and a significantly higher AUC in the ROC
analysis (p<0.05, figure 1). Combining these two features with median
values did not improve the CA further.
Figure 1: ROC analysis of three
predictor models to discriminate
subjects with a remodeled heart due
to intensive training from subjects
suffering from HCM. The two most
relevant features based on the
training
set
outperformed
classification
based
on
the
conventionally used average T1 and
ECV values.
Table 1: AUC, classification
accuracy (CA), precision and
specificity test dataset result
according to the different
predictor models. The two
features derived from the
training dataset also showed
improved CA on the test data.

Conclusion
Radiomics of T1 and ECV mapping out-performed classical analysis in
distinguishing HCM from athlete's heart. The robustness and broader
applicability of CMR radiomics features need to be further evaluated.
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Introduction
Skin is the first organ that is exposed to X-ray during a CT scan and it can receive a relatively high
radiation dose in CT procedures with repeated exposure of the same skin area such as interventional
or perfusion CT. The aim of this study is to provide a skin dose model based on CT acquisition
parameters to allow dose follow up for this organ at risk.

Materials and methods
A virtual cylindrical phantom was generated (32 cm, L=20 cm, pixel size=0.5 mm2) in DICOM format.
The phantom was used as a 3D geometrical model for Monte Carlo (MC) simulations with ImpactMC
(Advanced Breast-CT). The impact of acquisition parameters including tube voltage (70, 80, 100, 120,
and 140 kVp), bow-tie filter (medium, large), and position in the gantry on skin dose were
investigated with the MC simulations. The boundary pixels at the outer layer of the phantom were
considered as the skin (thickness 0.5 mm2). The dose values were normalized to CTDIvol (DCTDI). In
addition, the model was validated with experimental TLD measurements and MC simulations on
humanoid Rando Alderson (RA) phantom for large filter at 120 kVp and 80-mm collimation.

Results
The results show an increase in the skin dose with decrease in the distance to the isocenter (Figure
1). For distances smaller than 120 mm four curves were fitted to the data for high voltage (100, 120,
140 kVp)-medium bow-tie filter, low voltage (70, 80 kVp)-medium bow-tie filter, high voltage-large
bow-tie filter, and low voltage-large bow-tie filter. For distances larger than 120 mm, we fitted a
single curve for all the tube voltages and filter types (Figure 1, Table 1). In addition, the skin dose
values of RA phantom were in a good agreement with our model at 120 kVp and large filter (Figure
2). The average deviation between the experimental TLD measurement on RA phantom and the MC
simulations of RA phantom were 9%.

Conclusion
Our skin dose model can be used to estimate the skin dose as a function of filter type, tube voltage,
and distance to the iso-center. This allows the automatization of skin dosimetry based on CT images
and scan parameters. In addition, this model allows estimating the skin dose prior to the CT scan,
based on the selected parameters and the scout views.
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Figure 1: General skin dose model as a function of filter type, tube voltage and distance to the iso-center.

Figure 2: DCTDI as a function of distance to iso-center based on the skin dose model and RA simulations.

Tube voltage (kVp)

filter

DCTDI =A*x(mm)2 + B*x(mm)+C

Larger than 120

70, 80, 100, 120, 140

Medium filter, large
filter

A = 3.74E-05, B = -0.02, C= 2.79

Smaller than 120

100, 120, 140

Medium filter

A = -4.71E-05, B= -92.95E-05, C= 2.09

Smaller than 120

100, 120, 140

Large filter

A=-3.96E-05, B= 62.58E-05, C= 1.80

Smaller than 120

70, 80

large filter

A=-4.75E-05, B= 25.49E-05, C= 1.96

Smaller than 120

70, 80

Medium filter

A=6.92E-05, B= -240E-05, C= 2.59

Distance
to
isocenter (mm)

the

Table 1: General skin dose model based on filter type, tube voltage and distance to the iso-center.
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Evaluation of scatter correction methods in 166Ho SPECT
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The complexity of the scatter components in 166Ho
SPECT leads to various questions in terms of image quality
optimization, quantification, and dosimetry. The aims of this work
are to study scatter correction methods to propose a suitable and
portable method on available SPECT systems, and to estimate the
impact of this choice on image quality and dosimetry using imaging
and Monte-Carlo simulations. KEY WORDS : Holmium-166, SIRT,
TARE, personalized dosimetry, Monte-Carlo simulation.
ABSTRACT :

Introduction
Developments in transarterial radioembolization (TARE) in the
treatment of liver cancers, a particular case of selective internal
radiotherapy (SIRT), implied the creation, the use, and the study of
new microspheres loaded with 166Ho. However, due to the
complexity of the scatter components in 166Ho SPECT, various
questions in terms of image quality optimization, quantification, and
dosimetry are emerging. The aims of this work are to study scatter
correction methods to propose a suitable and portable method on
available SPECT systems, and to estimate the impact of this choice
on image quality and dosimetry using imaging and Monte-Carlo
simulations.
Materials and methods

A dual energy window method and a triple energy window method
were chosen and compared. This study was realized on a hybrid
SPECT/CT system, the Philips BrightView XCT, with Medium
Energy collimators. First, Monte-Carlo simulations of simple
sources geometries acquisitions were carried out with GATE 7.0
software (based on Geant4) to assess the different scatter
components in the different energy windows used. It also allowed to
confirm the choice of the parameter k needed for the dual energy
window method. Then, Monte-Carlo simulations of acquisitions of
a Jaszczak SPECT phantom filled with a 166HoCl solution were made
with specific conditions mimicking an ideal scatter correction. These
simulated projections can be reconstructed and compared with real
acquisitions corrected by both methods and reconstructed in the
same way. Finally, both methods were applied on patient data (from
TARE simulations and post-treatment imaging), and the impact on
dosimetry was evaluated.
Results
Monte-Carlo simulations confirmed the use of k = 1 for dual energy
window method in the context of 166Ho imaging. Regarding
spectroscopy, these simulations also confirmed the complexity of
scatter components in the main energy window used with a high
energy gamma rays component around 50 % of the total counts
detected, but a negligible X rays component and a negligible
influence of fluorescence (Figure 1). Simulated projections of
simple geometries suggested a loss of spatial information using the
dual energy window method. Contrast recovery coefficients
analysis, made on simulated scatter-free projections of the phantom
and on scatter corrected acquisitions of the same phantom, suggested
a better efficiency of the triple energy window method (Figure 2).
Finally, these methods were applied on patient data showing
significant differences in terms of non-tumoral liver absorbed dose,
non-tumoral liver fraction under 50 Gy, and tumor absorbed dose
(Figure 3).
Conclusion
This study demonstrated the impact of scatter correction on
personalized dosimetry. The use of a triple energy window method
is proposed for scatter correction in 166Ho SPECT.

Figure 1 : Simulated spectrum including the energy windows used

Figure 2 : Contrast recovery coefficients

Figure 3 : Example comparing DEW and TEW method applied on
patient data including the impact on dosimetry

Off Axis Linac QA for SIMT using a Ruby insert
prototype (PTW)
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ABSTRACT
Winston Lutz and Hidden Target Tests are well known and useful checks
to evaluate the linac and repositioning system precision and robustness
for stereotactic treatments. Single Isocentre for Multiple Targets is more
and more adopted in radiotherapy departments to treat several
metastases, but consequently, these are no longer in the isocentre plane.
The objective of this work is to study the linac and repositioning system
precision with a Ruby insert prototype from PTW when moving away from
the isocentre.
KEY WORDS
Hidden target test, Winston-Lutz test, linac off axis precision, SIMT, Ruby
insert prototype

Introduction
Single Isocentre for Multiple Targets technique is more and more adopted
in radiotherapy department to treat several metastases in one session.
But then, they are no longer in the isocentre plane. Consequently, the
traditional Winston Lutz and Hidden target tests QA with only one ball
located in the isocentre could be not enough to assess the linac precision
and the capacities of the repositioning system in plans away from the
isocentre.

Materials and methods
First, a CT scan of the Ruby phantom is carried out using the insert
prototype containing 5 ceramic balls at different positions in the 3
directions. A plan with MLC apertures centered on the balls was created
for several gantry angles (0°, 90°,180° ,270°) and 2 collimator rotations
(0° and 90°). The isocentre is set on the central ball. In a second time, we
positioned the phantom with the lasers or with the Exactrac system and
acquired portal imaging of the different fields.
Finally, for each image, a measurement of the distance between the MLC
aperture centre and the ball centre (Δx and Δy) is performed and the size
of the ellipsoid, the error of positioning and the total offset =

Ѵ((Δx)²+(Δy)²) is evaluated. For the balls not located in the isocentre
plane, their positions are corrected for the beam divergence.

Results
Positioning errors have been found to be less than 1mm in most of the
cases when introducing translation errors only. Probably due to the lack
of structures for the matching, Exactrac system is less precise when
rotational errors are introduced.
The diameter of the ellipsoid described by the linac is function of the ball
position and is smaller than 1.5 mm for all investigated distances.
The total offset does not seem to be correlated with the ball position and
is less than 1mm in average.

Graph1

Graph2

Graph1 : Positioning error with ETX in
lateral direction.
Graph2 : Ellipsoid diameter in lateral
direction.
Graph3 : Total offset for different
gantry and collimator position.
Graph3

Conclusion
The first results are confident and can help in the decision of
strategy margin. The procedure is useful to evaluate the ETX
calibration but the quality of the test should be improved with the
addition of structures regarding matching. Lack of software makes
the analyses time consuming and probably less precise.
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Characterization of a novel algorithm for fast
iterative PET reconstruction
Nuttens Victor
KU Leuven
ABSTRACT
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Introduction
The goal is to evaluate a newly proposed PET reconstruction algorithm
called SPDHG (Stochastic Primal Dual Hybrid Gradient algorithm) which
is supposed to outperform OSEM.

Materials and methods
The performance is evaluated on the basis of a relative cost function
(the relative log‐likelihood), of the PSNR (Peak Signal‐to‐Noise Ratio,
with reference MLEM) of the post‐smoothed images, of the bias and
uncertainty of the mean recovery values in different ROIs. 2D‐realistic
virtual phantoms were used.

Results
The relative cost is lower for SPDHG and that after typically 20 iterations.
The PSNR of the post‐smoothed images is higher for SPDHG when
compared to OSEM. The mean recovery and bias versus RSD (Relative
Standard Deviation) plots show that in all cases the RSD is lower for
SPDHG than for OSEM. The reconstructions showed that in certain cases
the limit cycle of OSEM does not show small objects in noisy
environments (see figure 1), while the detectability of SPDHG resembled
that of MLEM.

Conclusion
For the right step size ratio, SPDHG converges to the maximum‐
likelihood solution and has the potential to be even faster than OSEM
since fewer projections per subset can be used. SPDHG also has lower
uncertainty which gives SPDHG better test‐retest reliability.

Figure 1: Detectability of the smallest sphere in SPDHG versus OSEM for
different noise realisations
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Keynote information of the NCS report 34 : Code
of Practice and recommendations for Total Body
Irradiation and Total Skin Irradiation
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ABSTRACT – The aims of this report are multiple : to provide a
guideline for institutes that are considering starting up TBI/TSI
treatments; standardization of the actual manual workflow; creation
of a reference in order to benchmark the individual institution
protocol allowing guided improvement and description of novel
techniques already developed in center of excellence in order to
guide and accelerate the evolution towards new treatment
techniques.

KEY WORDS – Total Body Irradiation, Total Skin Irradiation, Quality
Assurance, Risk Analysis

Introduction
While Total Body Irradiation (TBI) and Total Skin Irradiation (TSI) differ
significantly to standard irradiation techniques, a special dedicated quality
assurance process is recommended. Therefore a survey was sent
around to investigate the actual status of the treatment protocols and
quality assurance confirming our expectation : despite many decades of
experience and previous surveys, a large variety remained in treatment
protocols, being a combination of evolved traditional and more modern
CT-base irradiation techniques.

Materials and methods
The survey revealed three different workflows for TBI: a manual workflow
(11); a TPS workflow (5) and a sweeping technique workflow (1). The
report is focusing on the main topics of the treatment process :
commissioning guidelines, pre-treatment and treatment delivery
guidelines and a risk analysis. Unlike TBI, the guidelines for the TSI can
be limited to guidelines for a manual workflow.

Results
Recommendations for the commissioning process are made for absolute
dose calibration, beam flatness, PDD’s, in vivo dosimetry systems, dry
runs/end-to-end tests and in vivo dosimetry. Extra positioning devices for
both TBI and TSI treatment techniques are also included. Dedicated for
TBI are shielding recommendations, commissioning steps for the TPS

workflow and guidelines for the extra measurements for sweeping
techniques. Infrastructure issues for both techniques are also included.
Pretreatment workflow topics are discussed for the manual TBI/TSI and
TPS TBI workflow in combination with recommendations for single and
multiple fraction treatment delivery including in-vivo tolerances for both
TBI and TSI treatments.
Risk analysis is performed for both the process of developing and
introducing a TBI/TSI technique and failures in the process branch of the
TBI/TSI clinical workflow and scored for severity and frequency. 47
processes are scored in this risk analysis; helping the reader to optimize
their own treatment process.

Conclusion
This report is a step in the process in the evolution to a state-of-the-art
treatment technique. This does not develop any new techniques. Instead,
it describes current practiced techniques and possible guidelines to
implement such techniques clinically. This report provides a stepping
stone for achieving more high-quality treatment processes.
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Portal imaging used as a dosimetry QA tool for
SRS treatments planned with non Varian TPS
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ABSTRACT – SRS treatments requests very precise patient
dedicated dosimetry QA. However, classical (point dose detector
and film) QA is extremely time consuming, and could be substituted
by portal imaging devices. This does represent a challenge as
planning is performed with a non Varian Planning System. This
study allowed to determine optimal parameters in order to use
safely portal dosimetry.
KEY WORDS – Quality assurance, portal imaging, SRS.

Introduction
In the framework of QA for SRS treatments, classical means are
extremely time consuming, using point dose detectors and radiochromic
films. In order to reduce the workload for this patient dedicated dosimetry
check, portal imaging devices could be used as for IMRT/VMAT
treatments. Obviously, this solution has to be completely safe and reliable
by selecting optimal parameters.

Materials and methods
Methodology consists in comparing predicted dose calculated by PDIP
algorithm and measurements performed by portal imaging device
delivering the treatment plan of the patient. The analysis is carried out
using gamma calculation method using optimal DTA and dose
parameters in order to make QA as much sensitive as possible to detect
errors.

Results
First results are obtained using standard parameters for the gamma
analysis. They indicate to be reduced to get patient dedicated QA more
sensitive. DTA, dose and comparison region size have been much
lowered (final parameters: 3%, 1.5 mm, MLC + 2 mm), as negative
results are found for 15 % of cases.

Figure1:

Conclusion
Finally, this study has shown that recommended gamma analysis
parameters are DTA: 1.5 mm, dose: 3%, region of comparison: MLC + 2
mm if one chooses to use portal imaging as a dosimetry QA tool for
clinical treatment plans calculated with a non-VARIAN TPS
(iPlan/Elements, Brainlab). Then, a tentative of determination of origins of
negative tests has been carried out.
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What the interventional radiologist
expects from the clinical physicist
It is essential to have good medical physicists in a radiology department. With the increasing
awareness about radiation protection in the last decade, major steps have been made in reducing
dose in conventional X-ray imaging, CT scanning and in the angiography suite. Often a special division
in the radiology department, interventional radiologists are a major service provider for referring
physicians. Working long procedures, often at irregular times, standing next to the patient, it is of
utmost importance to have good radiation protection and a well-organized angiography suite. This
benefits the patient, the treating interventionalist and the staff that is present in the room. How this
is done, will be briefly explained is this abstract.
Everything starts with involving the medical physicist from the beginning. Acquiring a new
angiography suite, although a major investment, can significantly reduce dose with the improved
technology. This is a first step in which the medical physicist can assist in making the right choice.
Others important factors involved include the user interface, ergonomic aspects, ease of use and
maintenance, aftersales service level and so on.
Installing the angiography suite requires good planning. Well thought of position of the lead screens,
allowing easy manipulation, being it moving in or moving out, will lead to an increased and
oftentimes better use.
With the vendor installing the different programs on the machine, there is another important
moment for the clinical physicist to evaluate the settings to make sure no faulty features have
slipped in.
Consent with local regulations must be verified. Since about a year, as defined by a royal decree on
medical exposure, we now must implement two optimalisations every year. Additional major steps in
reducing radiation will not be easily achieved, but we will need to be thinking what can be done.
Examples given: defining high risk zones for staff present in the angiography suite, providing yearly
reports on radiation dose for different procedures, finding ways to reduce dose even further without
losing imaging quality.
To achieve optimal results, close collaboration at all phases is necessary. This can be most easily
implemented by having a permanent hospital physicist. Good communication will benefit both
parties as we both (medical physicists and interventional radiologists) have our blind spots for things
that might be evident for the other party.
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