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Abstract in french

Objectif
L’objectif principal de cette étude rétrospective était d’évaluer la variabilité inter-logicielle lors
du post-traitement d’'une perfusion T2* a I'IRM provenant de patients atteints d’'un gliome de

haut grade.

Matériel et méthode

Les patients inclus étaient atteints soit d’un astrocytome anaplasique (OMS grade lll), soit d’'un
glioblastome (OMS grade V) situé dans le parenchyme cérébral. Le post-traitement de 54
perfusions T2* provenant de 46 patients, a été réalisé en utilisant les logiciels Intellispace®
(Philips) et Olea® (Olea Medical). Le paramétre hémodynamique étudié était le volume sanguin
cérébral relatif corrigé de l'effet de fuite T1 (rCBV) avec une référence controlatérale. La
variabilité inter-opérateur sur Olea et la variabilité entre les méthodes proposées par

Intellispace ont également été évaluées.

Résultats

Concernant la reproductibilité inter-logicielle, ''CC et le Kappa de Cohen pour le suivi
thérapeutique obtenu étaient de 0.74 et 0.61, proches des limites recommandées de 0.75 et
0.60 respectivement. Des sous-groupes ont été créés pour compléter 'analyse. Méme si la
nécrose ou les structures vascularisées ont été éliminées des ROI, les résultats ne se sont
pas améliorés. Des régions d’intérét avec une aire minimum de 250mm? ont atteint un ICC et
un Kappa de Cohen au-dessus du seuil. La reproductibilité inter-opérateur sur Olea et la

reproductibilité sur Intellispace étaient satisfaisantes pour une hypothése clinique valide.

Conclusion

La reproductibilité entre Intellispace et Olea n’était pas idéale pour un contexte clinique. Cette
divergence peut s’expliquer par l'effet de volume partiel, d’'une différence dans les modéles
utilisés et la maniére de l'implémenter dans le logiciel. Des ROI avec une aire de minimum

250mm? améliore cette variabilité afin qu’elle devienne acceptable.

Mots-clés
Perfusion cérébrale T2*, IRM, EG, glioblastome, astrocytome, Intellispace Portal, Olea
Sphere, correction de fuite, fonction gamma, variabilité inter-logicielle, variabilité inter-

opérateur, variabilité intra-logicielle




Abstract

Objective

The main purpose of this retrospective study was to evaluate inter-software variability in
patients affected of a high-grade glioma for the post-processing of dynamic susceptibility
contrast (DSC) perfusion imaging in MRI.

Materials and methods

The included patients were either anaplastic astrocytoma (WHO grade l1ll) or glioblastoma
(WHO grade V) located in the cerebral parenchyma. The post-processing of 54 DSC-MRI from
46 patients using both Intellispace® (Philips) and Olea® (Olea Medical) software was
performed. The hemodynamic parameter studied was the relative cerebral blood volume
corrected for the T1 leakage effect (rCBV) with a contralateral reference. The inter-operator
variability within Olea and the variability between the methods proposed in Intellispace were

also evaluated.

Results

Regarding inter-software reproducibility, ICC and Cohen’s Kappa from therapeutic follow-up
obtained were 0.74 and 0.61, close to the recommended limits of 0.75 and 0.60 respectively.
Subgroups were created to complete the analysis and to evaluate the partial volume effect.
Even if necrosis or vascular structures from regions of interest (ROI) were avoided, results did
not improve. ROI of a minimum area of 250mm? yielded an ICC and Cohen’s Kappa above the
threshold. The inter-operator reproducibility on Olea and intra-software reproducibility on

Intellispace were satisfactory for a clinical valid assumption.

Conclusion

The reproducibility between Intellispace and Olea was not ideal for a clinical context. This
discrepancy can be explained by the partial volume effect and a difference in the models used
and how to implement it in the software. ROl with an area of at least 250mm? improves this

variability and becomes acceptable.

Keywords
DSC, cerebral perfusion, imaging, MRI, GE, T2* glioblastoma, astrocytoma, Intellispace
Portal, Olea Sphere, leakage correction, gamma variate, inter-software variability, inter-

operator variability, intra-software variability
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1. Introduction

Brain imaging provides the physiological and functional information needed to visualize and
evaluate the entire brain, the main organ of the central nervous system. One of the principal
physiological processes to be analysed is cerebral perfusion, which quantifies vascularization
and angiogenesis. For this, several radiological methods can obtain the same information, but

each has its own benefits and limitations.

Dynamic Susceptibility Contrast (DSC) perfusion imaging by Magnetic Resonance Imaging
(MRI) is one of the most used techniques in the clinic to quantify cerebral perfusion. This
method involves injecting an exogenous paramagnetic contrast agent during a T2-weighted
ultra-fast sequence. The first pass of a fast bolus of gadolinium will induce a loss of intensity
of the T2* signal. Thanks to @stergaard's model of Leif @stergaard, it is possible to deduce
important hemodynamic parameters such as Cerebral Blood Flow (CBF), Cerebral Blood
Volume (CBV) or Mean Transit Time (MTT) among others (Jstergaard et al., 1996). To obtain
accurate quantitative results, the model requires knowing the Arterial Input Function (AIF). In
the absence of a precise AlF, the hemodynamic parameters are relative, semi-quantitative.
Therefore, it is necessary to normalise the results obtained from the lesion with a contralateral

normal-appearing tissue.

The two principal indications of a DSC-MRI are brain tumours and stroke. The parameter
mainly evaluated is not the same according to the indication. In the context of a brain tumour,
the essential hemodynamic parameter for tumour assessment and follow-up is relative
Cerebral Blood Volume (rCBV).

Among brain tumours, glioma is the most common primary neoplasm. It is divided into three
categories according to the classification of the World Health Organization (WHO, 2016):
oligoastrocytoma, oligodendroglioma and astrocytoma. Statistics regarding patient survival
differ by glioma type, grade and treatment. Anaplastic astrocytoma (WHO grade Ill) has a
median survival around three years. While a patient with a glioblastoma multiforme (WHO
grade 1IV) has a median survival of twelve to eighteen months (Dong et al., 2015).
Angiogenesis, the process of forming new vessels, is one of the characteristics of aggressive

tumours.



2. State of the art

2.1 Leakage effect

In a DSC-MRI perfusion, the first-pass of gadolinium is analysed with the dilution indicator
theory. This is based on the principle that the contrast agent is confined to the intravascular
space by the blood-brain barrier (BBB). When this is leaky, which is the case during brain
tumour, the contrast agent extravasates into the extracellular extravascular space, which alters
the quantification of hemodynamic parameters by modifying the post-bolus signal. This
contrast leakage effect is explained by a complex and multifactorial interaction between T1-
and T2*weighting that may overestimate or underestimate rCBV as a function of the
predominance of weighting. In case of predominance of T1-weighting, the post-bolus signal
overshoots the baseline, which underestimates the rCBV. Whereas in case of predominance
T2*, the post-bolus signal does not reach the baseline pre-bolus, which overestimates the
rCBV.

2.2 Leakage correction

The leakage effect caused by a blood-brain barrier breakdown is more marked in high-grade
tumours because vascular permeability is high. Therefore, when evaluating a glioma, it is
important to mitigate this negative effect to obtain corrected relative cerebral blood volume.

For this, there are four main methods that correct the signal of the post-bolus baseline.

2.2.1 Dual-echo pulse sequence
The first method is to modify the DSC perfusion sequence. It consists in using two different TE
with the same principle as inversion recovery images during the bolus. With this type of pulse
sequence, it is theoretically possible to remove the T1 contribution of the acquired signal. This
technique is used in some studies (Vonken & Viergever, 1999), (Paulson & Schmainda, 2008),
(Pickens, Price, & Yankeelov, 2012) and is recognized to give results in agreement with other

methods.

2.2.2 Preload dose
The second method is to inject a preload dose before the gadolinium dose required for DSC-
MRI; the patient is injected twice during the examination. It will allow to saturate the

extracellular extravascular space to reduce the signal from this region during the second




injection. It is possible to inject the same amount of preload as during the examination (1 + 1)
or to inject less preload (<1 + 1). Several studies (Paulson & Schmainda, 2008), (Hu et al.,
2010), (Boxerman et al.,, 2012), (Leu, Boxerman, & Ellingson, 2017) have evaluated the
effectiveness of this method and conclude that the rCBV ratio estimation is more accurate. T1-
weighted imaging is usually performed during the first injection to use as a scout for the slice

positioning of the subsequent injection.

2.2.3 Other contrast agent
Regarding the injection of the bolus, it is also possible to change the contrast agent during the
DSC-MRI. Indeed, some other contrast agents do not cross the vascular barrier even with a
broken BBB. Some research (Christen et al., 2013), (Gahramanov et al.,, 2013) has
investigated different contrast agents such as ferumoxytol which is a blood pool agent
providing hemodynamic parameters like rCBV. These studies conclude that ferumoxytol
provides better tumour monitoring than gadolinium-based contrast agents and does not require

a leakage correction.

2.2.4 Leakage-corrected post-processing
The last technique is the one examined during this study. The principle of this method is to
virtually eliminate the effect of leakage caused by the BBB breakdown after the acquisition, in
post-processing using an algorithm. For this, many mathematical models have been created

and studied since several decades.

In 1964, Thompson et al. have suggested that the concentration curve has the same properties
as a gamma function (Thompson, Starmer, Whalen, & Mcintosh, 1964). Since then, several
studies have evaluated and approved the efficiency to the fit of the curve acquired with a DSC-
MRI to a gamma variate function (Davenport, 1983), (Benner et al., 1997), (Law et al., 2004).
Therefore, this mathematical function has been added in some post-processing software used

clinically.

It is only in 2006 that Jerrold L. Boxerman and Robert M. Weisskoff proposed a complex
mathematical model (Boxerman, Schmainda, & Weisskoff, 2006). The hemodynamic
parameters are corrected by removing the leakage term, which allow to generate an estimate
of the permeability. It has been shown by other studies that this algorithm is robust enough to
not require a precise pattern of imaging sequence or contrast injection (Bjornerud, Sorensen,
Mouridsen, & Emblem, 2011), (Boxerman et al., 2012).




Clinically available post-treatment software offer several post-processing methods that are
relatively well explained in their user manual. However, software makers, due to copyright may

not always deliver precise information about the exact implementation of the model fitting.

2.3 Clinical application
Numerous clinical applications are available for brain tumours, but also for gliomas in
particular, thanks to rCBV obtained by T2*weighted DSC-MRI perfusion. In general, an

increase in rCBV suggests a process of neoangiogenesis (Donahue et al., 2000).

In first place, DSC perfusion imaging allows to differentiate low-grade glioma with low rCBV
from high-grade glioma with high rCBV (Law et al., 2004), (Emblem et al., 2008) and provides
the predicted time to tumour progression (Hirai et al., 2008), (Law et al., 2008). In addition, it
can target a biopsy (Maia et al., 2004) to the higher-grade region or offer a per-operative guide
(Ulmer et al., 2009).

Secondly, the patient's treatment can also be evaluated to distinguish a pseudo-progression
from a pseudo-regression (Hu et al., 2009) during a chemoradiotherapy treatment. If the
treatment is effective a decrease in rCBV is noticeable. In stereotactic radiotherapy, DSC
allows to differentiate radionecrosis with low rCBV from tumour recurrence with high rCBV
(Barajas et al., 2009). Finally, during an antiangiogenic therapy, it is possible to differentiate a
tumour response with a low rCBV against a pseudo-response with a high rCBV (Essock-Burns
et al., 2011).

2.4 Diagnostic

The rCBYV ratio obtained from the DSC perfusion is the result of the rCBV division of the lesion
by the rCBV of the healthy tissue reference. There is a cohesion in the literature on how to
calculate this rCBV ratio, but some of these studies differ on where the cut-off point should be
set. Indeed, according to each indication the minimum threshold of the ratio rCBV varies
(Bulakbasi et al., 2005). Concerning angiogenesis, Al-Okaili et al. determine a fixed cut-off at
1.75 of rCBYV ratio (Al-Okaili et al., 2006). Beyond this threshold, the proliferation of new
vessels can be considered significant. While Jenoudet et al. advise a range of the rCBV ratio
of 1.5 to 2 instead of 1.75 (Jenoudet et al., 2007).




2.5 ASFNR Recommendations

The American Society of Functional Neuroradiology (ASFNR) provided in 2016,
recommendations for DSC-MRI perfusion (Welker et al., 2015). For this, a review of current
studies was conducted to provide advice on clinical applications, examination parameters,
post-processing, interpretation of results and reports. However, these recommendations are a
review of typical uses without precise guideline. To begin, in that report there is an acronym
"nrCBV", which is the rCBV normalised by a contralateral healthy region. In this present study,
the nrCBV is the rCBYV ratio.

There is no DSC-MRI sequence common to all studies with the same parameters (TE, TR, flip
angle). They are interdependent and vary with each other depending on the strength of the
field and the site preferences. It is a trade-off between the desired signal-to-noise ratio and the

acceptable T1 sensitivity for the extravasation of the contrast agent.

The ASFNR recognizes the benefits of using a Dynamic Contrast-Enhanced (DCE) perfusion
sequence that can complements the information obtained by a DSC for tumour evaluation.
These two perfusions can be performed during a single examination with two injections. The

DCE is carried out before the DSC to serve as a preload dose.

Regarding the post-processing, the fitting to a gamma variate function is generally not
advisable because it is inherently noisy. Instead, itis recommended to use a model that adjusts
the acquired curve and generates an estimate of the permeability. According to the studies,
preload with an incubation time of 5 to 10 minutes, coupled with a leakage-corrected post-
processing is one of the methods to better distinguish the hemodynamic parameters of a

tumour with a contrast leakage effect.

The ASFNR wants to point-out that the cut-off thresholds used may vary according to the
acquisition, injection and post-processing patterns. The report does not provide a minimum

threshold according to the indications.




3. Research goal

The main research goal of this study is to determine if the results obtained between two
different software, Intellispace Portal and Olea Sphere, are consistent for DSC leakage-
corrected post-processing. Indeed, numerous post-processing software are on the market, so
it is important that the clinical opinion resulting from the analysis of the DSC is similar. This
study took place within the Geneva University Hospitals (HUG), as several post-processing
software are available; they are of course directly affected by this issue, like in many other

medical institutions.

The second aim is to analyse the reproducibility between two operators on Olea Sphere. This
allows to determine if inter-operator variability is acceptable. In fact, in a clinical context, it is
important that one particular software always provides the same result even if it is not the same
operator who performs the analysis. At HUG, there is not an assigned person to the DSC post-
processing. It is the role of residents doctors in radiology whom may change their affectation
to another service. Human variability therefore exists, although post-processing is controlled

by a clinical professor.

The last problematic of this study aims at determining if the gamma variate method is
comparable to the algorithm of Boxerman-Weisskoff on Intellispace Portal. Indeed, as noted
above, the ASFNR since 2016 no longer recommends the use of gamma variate. Before then,
it was advisable to carry out post-processing in this way, so it is newly important that the clinical

opinion arising from gamma variate always corresponds to the new algorithm.




4. Materials and methods

4.1 Ethic
This retrospective study was approved by the Geneva Cantonal Commission for Ethics of
Scientific Research (CCER). The project was number 2016-01821 and informed consent was

waived.

4.2 Operators

In order to be able to evaluate the inter-operator reproducibility within the same software, at
least two operators are needed. The second operator in this study was Dr Wanyanga, junior
in oncology at the Freiburg Hospital with one year of experience. Both of us have been trained
by Prof MI Vargas, senior neuroradiologist with 22 years of experience, whom has also
frequently checked the accuracy of our post-processing. The data collection lasted several

months during the year 2018, from March to November.

4.3 Patients
Data from 46 patients initially diagnosed with a primary brain tumour were retrospectively
collected for their treatment. They were all treated by radiotherapy or stereotactic radiosurgery

between January 1st, 2014 and December 31st, 2016 in the Geneva University Hospitals.

The inclusion criteria were either anaplastic astrocytoma (WHO grade Ill) or glioblastoma
(WHO grade V) in the cerebral parenchyma, tumour enhancement in post-gadolinium T1-
weighted imaging, but also the delay between surgery or biopsy and DSC. Indeed, one or two
MRI exams were chosen for each patient; the first before radiotherapy that was previous to the
biopsy or surgery and the second at least three months after the end of radiation treatment.
This leaves time for radiation necrosis to appear which does at least three months after

radiotherapy.

The exclusion criteria were the presence of another pathology, as well as the quality of images

such as motion artefacts.

On a baseline sample of 46 patients and 72 examinations, 18 DSC were excluded mainly

because of the nature of the tumour, its location, as well as the image quality. The final sample




of this study includes 54 examinations belonging to 35 patients (ratio M/F: 2.19:1, average

age: 59 years old [min: 27, max: 73]).

4.4 Acquisition

All acquired images come from two different 3T MRIs systems (Skyra or Prisma Fit from
Siemens, Erlangen, Germany). The sequences used are part of the clinical HUG brain tumour
protocol. It includes T1, T2 and 3DFLAIR anatomical sequences with diffusion tensor imaging
(DTI). After performing these sequences, the contrast bolus can be started a few seconds after
the EPlI GE T2* acquisition used for DSC-MRI (TE=27-35ms, TR=1.5-1.6s, flip
angle=60/75/90°). Once the DSC is complete, a post-gadolinium 3D T1-weighted sequence is
performed. This last acquisition is the one showing the tumour enhancement.

The contrast agent used at HUG is Gadovist (Bayer Schering Pharma, Berling-Wedding,
Germany) with 0.1 mmol/kg of the patient without preload. The injections are all performed
using an automatic injector with a flow rate of 5 cc/s and they are each followed by 20 ml of

physiological solution at the same rate.

4.5 Post-processing software

Several software packages are available at the HUG to perform post-processing of DSC
imaging. However, they will not all be evaluated during this project. The two programs studied
are able correcting the leakage of gadolinium-based contrast agent effect caused by the blood-

brain barrier breakdown.

¢ Intellispace Portal version 9.0 (Philips Healthcare, Best, Netherlands)

e Olea Sphere version 3.0 — SP6 (Olea Medical, Cambridge, Massachusetts, USA)
For simplification, Intellispace Portal will be abbreviated Intellispace and Olea Sphere by Olea.

The first software package was created by X-ray manufacturers, while the latest Olea Sphere
was developed by independents and bought by Toshiba Medical (Tokyo, Japan) then by
Canon Medical Systems Corporation (Tokyo, Japan). However, both software have been
approved by the US Food and Drug Administration (FDA, 2016).




4.5.1 Intellispace
The radiological device manufacturer Philips has released the Intellispace post-processing
software. The latter has many possibilities including the DSC’s analysis. Version 9.0 of this
software, available since 2017, has four different methods to quantify the cerebrovascular's

parameters.

4.5.1.1 Manual AIF
The first and most basic method requires the operator to select the arterial input function,
usually on a Willis polygon artery contralateral to the brain injury. The software will then perform
a deconvolution with the AIF and the acquired signal, to be able to calculate the different
cerebrovascular parameters such as the cerebral blood volume thanks to the @stergaard
model (Jstergaard et al., 1996).

4.5.1.2 Model free
This method uses an automatic AlF selected by the software. It detects the beginning and the
end of the bolus on the acquired curve. The baseline before and after the peak is detected in
order to be able to fit the curve and thus highlight the various parameters specific to the DSC

(fig. 1).

4.5.1.3 Gamma variate
Intellispace also offers a method of gamma variate, recommended in the past literature (Law
et al., 2004). This is based on the principle that the flow’s ideal form of the contrast agent is
comparable to a gamma function. The software will thus fit the perfusion curve acquired with
the gamma function (fig. 2). Therefore, this technique makes it possible to reduce the effects

associated with the contrast agent’s leakage and on the second pass’ effect.
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Figure 1: Model free on Intellispace Figure 2: Model free on Intellispace
(source: MR Neuro Perfusion in ISP9) (source: MR Neuro Perfusion in ISP9)




4.5.1.4 Leakage correction
This method is available only from version 9.0 It is a = Stotal
leakage-corrected post-processing that quantifies a Stotal
negative T1- or T2-weighted effect on the acquired

curve, thanks to the Boxerman-Weisskoff model

Sref
(Boxerman et al., 2006). This model has two

compartments (fig. 3). For this, it will create, from all the

voxels of the acquisition, a first compartments that g, *

models the nadir and the second that models the K2 * Sieak
Ka=1

leakage effect. The acquired perfusion curve will then t

Figure 3: Leakage correction on Intellispace

(source: MR Neuro Perfusion Leakage correction)

be compared with these two models and to allow this
adjustment’s parameters (K1 and K2). The K1 has no

unit of measure, while the K2 values are in 10-3/min.

4.5.2 Olea
The second post-processing software presented is Olea. This one, unlike Intellispace was
designed by independents and was later bought by X-ray manufacturers. It also has numerous
post-processing possibilities such as an evaluation of DSC-MRI.

The Olea software is a little different from Intellispace. In fact, at start, Olea does not present
the different methods such as a mandatory decision to take in order to generate the
cerebrovascular maps. It does it otherwise, it divides the work into two stages: first generating
the maps and second by analysing them with the placement of the ROI. Of course, some

options and corrections are activated. It is however possible to modify almost all of them.

4.5.2.1 Arterial Input Function (AIF)
Regarding the Olea software, just like Intellispace, it is as well possible to define the AlF itself
by selecting a voxel in an artery. The perfusion curve acquired of this unique voxel will then be

the reference of the arterial input function necessary to achieve the deconvolution.

If the operator doesn’t select this option, Olea automatically defines the input arterial function.
Actually, several voxels with a high perfusion are selected and then averaged to get the AlF.
Even though some voxels automatically selected by Olea are not in an artery but on an intense
hyposignal, the curve is the average of the signal intensity of all selected voxels, which can

thus be reliable.




4.5.2.2 Deconvolution
Then, the operator may define the singular value of the deconvolution method that Olea uses
(standard [sSVD], block-circulating [cSVD] or oscillation index [oSVD]). According to the
documents accompanying Olea (Olea Medical, 2013), the method with the most stable and
accurate estimates, as well as the best predictive potential among the different types of

deconvolution is the oSVD method with oscillation index.

4.5.2.3 Leakage correction
In addition to the deconvolution technique and the choice of the AIF, the operator can activate
a software option, allowing Olea to consider the effects caused by contrast agent’s leakage
across the blood-brain barrier. This will correct the rCBV, the area under the curve by the

following formula from Boxerman-Weisskoff model (Boxerman, Schmainda, Weisskoff, 2006):

trr

T
rBVcorr = rBV + K2 f dt”f AR2 * (mean)(t")(dt")
0 0

For this, the leakage factor K2 (varying according to the pixel) and the time foT dt"” [ AR2

(mean)(t")(dt") (identical for all dataset) is added to the uncorrected relative blood volume
(rBV) in order to obtain the corrected relative blood volume (rBVcorr). Unlike Intellispace, the

Olea K2 does not have a unit of measure.

4.6 Region of Interest (ROI)

After generating the cerebral blood volume map, it is necessary to place the regions of interest
to semi-quantitatively evaluate the glioma. For that purpose, the tumour ROI was positioned
to cover the hyperperfused zone on the post-gadolinium T1-weighted imaging in agreement
with the generated map of K2. As a matter of fact, the parameter K2 allows to reveal the regions
affected by the leakage effect. Knowing that necrosis is typically present in glioblastomas, it is
difficult to avoid it completely in a tumorous ROI. Therefore, the total area of tumour ROI

accepts less than 50% of tumour necrosis.

The reference ROI with the same size as the first, was placed contralaterally in a way that the
brain tissues are similar and normal-appearing. A last and third ROI was positioned to obtain
an arterial reference. This allows to know if a feeding artery is in the tumour, which can modify

the patient's diagnosis. Knowing that CBV results are relative, the ratio of cerebral blood




volume correcting the leakage of gadolinium-based contrast agent effect caused by the blood-

brain barrier breakdown was calculated as follows:

rCBYV,
rCBV ratio = tumour

rCBVcontralateral

4.7 Inter-software reproducibility

The two software packages studied, Intellispace and Olea, are both used in tumour evaluation
at HUG. It depends on the radiologist who performs the post-processing. It is therefore
important to know if the two programs provide the same result with the same diagnosis for the

patient.

In order to compare the inter-software reproducibility, it is necessary that the methods used by
software are identical (leakage correction for both). Therefore, each technigue of both software

products have been described to better compare them.

4.7.1 Leakage correction
In first place, among the methods proposed by Intellispace, only two adjust the leakage
contrast effect: gamma variate and leakage correction. However, knowing that with a cerebral
tumour, the vascular permeability is high, it is necessary to correct these effects during a
tumour assessment. Therefore, manual and automatic AIF methods will not be compared in

this study.

Secondly, knowing that gamma variate is an older method and is not a faithful representation
of reality because of the fit to a gamma function, only the rCBV corrected by the leakage
correction will be compared to the corrected values of Olea. Additionally, as previously written,
these two techniques use the same reference for the leakage correction algorithm, from

Boxerman and Weisskoff (Boxerman et al., 2006).

4.7.2 Adjacent tissue influence
During the various analyses, the ROI had to be corrected. Indeed, it was necessary to exclude
from the regions of interest, the adjacent structures; either structures with high vascularity or
necrosis. A subgroup was therefore created for the analysis to distinguish the subjects most
at risk from being affected by the partial volume effect. It contains 17 DSC from 15 patients.
They were selected according to the presence of vascularized structure or necrosis close to

the tumour reference at ROI. Identifying them may unveil another vision.




4.7.3 Size ROl influence
A second subgroup was created based on the size of the ROI. In fact, small ROI's are strongly
dependent on the partial volume effect. After analysis of the data, an empirical limit of 250mm?
was decided. This subgroup contains 20 DSC from 16 patients. They were selected according

to the size of tumour ROI, generally equivalent to contralateral.

4.7.4 Tumour influence
After excluding the variability due to the structures close to the regions of interest and their
size, we still must explore the tumour variability. For this, a last subgroup was created
containing 8 DSC from 6 patients. For these post-processing, ROl were placed differently from
the rest of the study. Healthy structures for both ROI were chosen. The first included putamen

and pallidum, while the second ROI was in a healthy frontal region.

4.8 Inter-operator reproducibility on Olea

Reproducibility between the two software is not the only profitable comparison to achieve in
this context. As a matter of fact, at the HUG being a university hospital, several residents
doctors perform the post-processing. Even though the regions of interest are controlled by a

clinical professor, some human variability remains.

The second operator had a limited time and did the post-processing solely on Olea.

4.9 Intra-software reproducibility on Intellispace

Gamma variate was a method approved in the literature and still used clinically in many
institutions. Since the arrival of new leakage correction algorithms, a question arises: is the
difference between the two methods significant? This would allow to know if the diagnosis
made before, with the gamma variate, still corresponds to the later diagnosis if it was made

now with the leakage correction on Intellispace.

4.10 Statistical methods
All the data collected was processed with Stata/IC software (College Station, Texas, USA)

version 15.0. For all tests, we assumed a statistically significant threshold of P=0.001.




In order to compare the software, the operators and the methods, an appropriate calculation
is the intra-class correlation coefficient (ICC). This coefficient, adapted for continuous
guantitative data, makes it possible to measure the degree of absolute agreement between
two measurements. The sample range is sufficiently variable for this coefficient to be
appropriate. The ICC for the inter-software and intra-software has been generated for the
software and methods used in this study. While the ICC inter-operator has been calculated in
such a way that the operator can be generalized to all the others. The recommended lower
limit (Lee, Koh, & Ong, 1989) used in this study is at least 0.75.

In this situation, it is also possible to compute a Cohen’s Kappa for categorical data. Indeed,
as seen above, the literature concerning the interpretation of the rCBV ratio in gliomas is not
unanimous. Some recommend a limit of 1.5-2, while others recommend 1.75. At HUG, the
cut-off used is 1.5-1.7. Therefore, the results in this study were classified into three categories:
no angiogenesis (<1.5), angiogenesis suspicion (1.5-1.7) and significant angiogenesis (>1.7).
It allows to know if the clinical decisions between the various software, operators and methods
corroborate. The recommended lower limit (Landis & Koch, 1977) used in this study is at least
0.6.

Scatter plots have also been created, although it is not the correlation or prediction that is
under study. This allows to visualize the strength of the linear relation, as well as the dispersion

of the data. It is also recommended in an agreement analysis (Bland & Altman, 1986).

The last graph, the Bland Altman is the most significative of the difference between two
software, operators or methods. Created in 1983 by Douglas G. Altman and Martin Bland, it
allows to evaluate the bias on the difference’s average with the standard deviations (Altman &
Bland, 1983). Adding to this graph the linear regression of the differences makes it possible to

detect a proportional difference.




5. Results

5.1 Inter-software reproducibility

5.1.1 rCBV reproducibility between Intellispace and Olea
The reproducibility of rCBV between Intellispace and Olea is the most important of all the
comparisons made in this study. As a matter of fact, it allows to know if the results and thus

the diagnosis are identical with these two software products.

The relationship between Olea and Intellispace is represented in fig. 4. Data can be modelized
by a linear regression (blue line). Its coefficient 0.72 is far from 1. Indeed, this means that when
Olea obtains a rCBV ratio of 1, Intellispace obtains a rCBV ratio of only 0.72. The determination
coefficient R?, although significant (P<0.001), is as low as 54%, which shows a mean
dispersion around the linear regression line that increases with the rCBV ratio. The identity line
has been added (red line). It represents the slope if Olea was to provide exactly the same

results as the Intellispace’s leakage correction.

Corrected rCBV ratio
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Figure 4: Scatter plot inter-software between Intellispace and Olea. The red line is the identity
line, while the blue one is the data’s linear regression line with its mathematical function and
dispersion.




The Bland Altman graph (fig. 5), the most _
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do not agree.

The calculation of the intra-class correlation coefficient is significant (P<0.001) and moderate
with 0.74. The ICC is just under the recommended limit which is 0.75. This means that the

inter-software reproducibility is limited.

For categorical data, a table was generated to visualize the differences between clinical
decisions (table 1). Twelve exams out of 54 do not have the same diagnosis according to the
software used. Cohen's Kappa also has a significant (P<0.001) coefficient with 0.61. It just

reaches the recommended limit of minimum 0.6.

Intellispace
_ ) o Total
No Angiogenesis Significant
: : . . : Olea
angiogenesis suspicion angiogenesis
No angiogenesis 23 3 3 29
Angiogenesis
© g g. _ 0 1 3 4
Q9 suspicion
o —
Significant
_ ) 2 1 18 21
angiogenesis
Total Intellispace 25 5 24 54

Table 1: Angiogenesis diagnostic Intellispace versus Olea




Overall, the results between Olea and Intellispace are not similar. They are not discordant but
reveal a concrete difference. Therefore, three specifics subgroups were created to try to
explain this difference. All the statistical results obtained are presented in a summary table in

order to compare them (table 8).

5.1.2 Adjacent tissue influence
The first subgroup was chosen to analyse the influence of adjacent tissues on regions of
interest. To plot the data, a scatter plot has been computed (fig. 6). The green dots are those
with necrosis or vascular structures near the ROI, while the blue dots are without. The green
linear regression is the closest to the line of identity (red line). The outliers are mainly part of

the green group.

The intra-class correlation coefficient is significant (P=0.001) and still moderate with 0.74.
Nevertheless, Cohen's Kappa decreased with 0.47 and is non-significant (P=0.006). However,
the small sample size of the group without necrosis or vascular structures near the ROI, must
be considered. These results demonstrate that excluding patients affected by tissues adjacent

to ROI does not significantly improve inter-software outcomes.

Corrected rCBYV ratio

Intellispace

Figure 6: Scatter plot between Intellispace and Olea with the 15t subgroup. The greens dots are part
of the group with necrosis and vascular structures near the ROl. While the blue dots come from the
group without. The both groups are showed with them linear regression line. The red line is the
identity line.




5.1.3 Size ROl influence
Inter-software variability may also be explained by the size of the tumour ROI. Both groups
were represented in a scatter plot (fig. 7). The blue dots are those with the ROI area higher
than 250mm?. Their prediction line is close to the line of identity (red line) with a slope of 0.69
compared to the group with a small ROI (<250mm?). The dispersion around this line is also
better with a coefficient of determination of 0.71. While the coefficient of the group with small
ROl is 0.40.

The intra-class correlation coefficient and Cohen's Kappa are significant (P<0.001) and better
for the group with a large ROI rather than the total sample with 0.85 and 0.65 respectively.
This means that the agreement between the two programs is good and that the consequent

clinical decision may agree satisfactorily.

Corrected rCBV ratio

Intellispace

Figure 7: Scatter plot between Intellispace and Olea with the 2" subgroup. The greens dots are
part of the group with the ROl area lower than 250mm?Z. While the blue dots come from the group
with a ROI’s area above 250mm?Z. The both groups are showed with them linear regression line.
The red line is the identity line.




5.1.4 rCBV’s healthy structure

At this step of the study, tumour results differ between Intellispace and Olea. Therefore, a third

analysis was performed to determine if this difference is caused by tumour variability. The last

subgroup created allows to know if healthy structures have the same rCBV result between the

two software. Knowing that cerebral blood volume is relative, it was necessary to create healthy

structural ratios. In the scatter plot (fig. 8), it is possible to notice that despite an outlier, the

data agree well and are scattered around the identity line. The table of data confirms this

(table 2). The calculation of the ICC is not adapted in this case because the sample size is too

small.
Corrected rCBYV ratio
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Figure 8: Scatter plot between Intellispace and Olea with the 3™ subgroup.
Correlation between rCBV ratio from healthy structures are showed. The identity
line is represented in red.
Intellispace Difference Olea
ROI1 ROI2 Ratio rCBV Ratio rCBV ROI1 ROI2
66.87 81.97 0.82 0.65 1.47 1.59 1.08
83.55 74.24 1.13 0.22 0.91 1.56 1.72
233.65 190.36 1.23 0.07 1.16 2.68 2.32
150.35 111.32 1.35 0.08 1.43 3.68 2.57
221.47 188.05 1.18 0.20 1.38 2.60 1.88
236.50 230.22 1.03 0.04 0.99 2.08 2.10
435.41 377.66 1.15 1.15 2.41 2.09
376.79 357.42 1.05 0.02 1.07 3.29 3.08

Table 2: Difference within the 3™ subgroup between Intellispace and Olea. The first ROl are drawn around the putamen and
the pallidum, while the second ROl was contouring a healthy frontal region. The rCBV ratios are calculated and the difference
between Intellispace and Olea are shown. The smallest difference is in green whereas the highest is in red.




5.1.5 Visual assessment of rCBV
During a tumour evaluation, it is necessary to always assess the semi-quantitative results, but
also visually the generated map. Therefore, some cases will be compared visually between

the two programs.

The rCBV results are not of the same range between the two software, which is noticeable
with image’s colorscale (fig. 9 and 10). Value for data from Intellispace is 100x greater than
Olea's. Consequently, considering this factor, the colorscales have been adapted to each
other. Yet it is still possible to see visually a difference between the two maps produced and
the regions of interest. Indeed, with patient n°88 (fig. 9), the contralateral reference ROI (ROI
n°2) is a little bit anterior on Olea than on Intellispace. However, the same operator did the
post-processing on both software. Regarding the patient's rCBV ratio (table 3), the difference

between the two programs is insignificant.

Corrected ROI ROI Ratio
rCBV tumour | contralateral | rCBV
Intellispace 600.50 161.68 | 3.71
Olea 7.51 2.03{ 3.70

Table 3: rCBV of patient n°88 between Intellispace and Olea

Intellispace

Figure 9: Patient n°88 on Intellispace and Olea




The second patient presented (n°41, fig. 10) confirms the presence of intra-operator variability.
In fact, the ROI of reference is slightly more externally on Olea than on Intellispace. Regarding
his rCBV ratio (table 4), there is a big difference between the two software, a spread of 1.19.
This difference can be explained because of the size of the ROI, less than 150mm? with a
percentage of partial volume effect higher than the first example. However, since both ratios
are greater than 1.7, the clinical decision would be the same.

Corrected ROI ROI Ratio
rCBV tumour | contralateral | rCBV
Intellispace 643.50 137.51 ;| 4.68
Olea 7.92 135 5.87

Table 4: rCBV of patient n°41 between Intellispace and Olea

Intellispace

Figure 10: Patient n°41 on Intellispace and Olea




5.2 Inter-operator reproducibility on Olea
5.2.1 rCBV reproducibility between two operators
Reproducibility between two operators is essential in a clinical context. It allows to know if the

results are identical between two trained users.

In the scatter plot (fig. 11), it is possible to ,
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5.2.2 Visual assessment of rCBV
For the visual assessment of inter-operator reproducibility, two representative cases have

been selected.

In first place, patient n°11 (fig. 13) is a good example of the difference when generating maps
between two operators. Indeed, although the colorscales are identical between the two images,
there are visible differences in the contrast obtained. In the frontal and occipital region, relative
cerebral blood volume is increased with the second operator. However, in the tumour ROI, the
rCBV is higher with the 1% operator. After analysing the rCBV ratio (table 5), there is a
difference between the two operators. Knowing that the cut-off is at 1.7, the diagnosis of the

patient may not be the same according to the radiologist who performs the post-processing.

Corrected ROI ROI Ratio
rCBV tumour | contralateral i rCBV

1%t operator 5.11 2,75 1.86
2" operator 4.01 288 1.39

Table 5: rCBV of patient n°11 between the two operators

1% operator 719 2"d operator

Figure 13: Patient n°11 with the two operators




Secondly, these images coming from the patient n°39 (fig. 14) confirms the difference when
generating the maps and allows demonstrating human variability despite a common training
and correction. The contours drawn around the region of tumour interest are slightly different
between the two operators, as well as the contralateral ROI. Indeed, the second ROI is not in
the same orientation, which modifies the results obtained from the rCBV. There is a real
difference in the rCBV ratio between the two operators (table 6) which is equal to 0.51.
However, knowing that the decisional cut-off is at 1.7, in both situations, the clinical follow-up

might be the same.

Corrected ROI ROI Ratio
rCBV tumour | contralateral ;| rCBV

1%t operator 5.65 1.70; 3.32
2" operator 5.59 292 1.91

Table 6: rCBV of patient n°39 between the two operators

1%t operator

Figure 14: Patient n°39 with the two operators




5.3 Intra-software reproducibility on Intellispace

5.3.1 rCBV reproducibility between leakage correction and gamma variate
The reproducibility between leakage correction and gamma variate within Intellispace is the
last evaluation in this study. This will help to know if the diagnosis is the same between these
both methods.

To begin with this comparison, two examinations had to be removed from the sample because
gamma variate did not provide results in the tumorous ROI. One of the two cases will be studied
in the visual assessment of rCBV.

For the rest of the sample, the Corrected rCBV ratio oo
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Figure 15: Scatter plot intra-software on Intellispace between leakage
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(P<0.001) with 0.69. Methods from Intellispace agree on clinical’'s decision-taking after post-

processing.

5.3.2 Visual assessment of rCBV
For the visual comparison, on the patient n°63 (fig. 17) it allows to point-out that with the same
colorscale on both methods, the data will be different. In general, the values are lower with the
leakage correction. With the gamma variate, in tumour ROI, there is more colour variation. Yet

by analysing the ratio rCBV (table 7), the difference is small and the diagnosis would be the

same.

Corrected ROI ROI Ratio
rCBV tumour | contralateral | rCBV
Leakage

_ 130.69 52.36{ 2.50
correction
Gamma
_ 203.33 73.90 2.75
variate

Table 7: rCBV of patient n°63 between leakage correction and
gamma variate from Intellispace

Leakage correction Gamma variate

Figure 17: Patient n°63 with leakage correction and gamma variate




The second example (fig. 18) is one of the patients with no rCBV results with gamma variate.
The tumour lesion, before being resected by craniotomy, was in the right temporopolar region.
Thanks to the morphologic T1- and T2-weighted sequences; it is possible to notice that the
cavity is filled with cerebrospinal liquid which is therefore not vascularized. Because of the
proximity of the cavity, the tumour ROI may be affected by the partial volume effect. This may
explain the inability of gamma variate to generate a result in this region. In addition, the size of

the ROI is small with a total area of only 220.50 mm?2,

Leakage correction Gamma variate

o

i ) e,

Figure 18: Patient n°33 with leakage correction, gamma variate and morphologic T1- and T2-weighted imaging




5.4 Summary table of results
In order to be able to evaluate the various reproducibilities overall, a summary table of all the
statistical results has been designed.

Scatter plot Bland Altman Intra-class
_ Cohen’s
. correlation
Reproducibility . Kappa
y=ax+b R? Mean SD coefficient (50.6)
>0.
(>0.75)
Inter-software a=0.72* 0.54* -0.05 0.81 0.74* 0.61*
Healthy adjacent tissue 0.74* 0.47
Large ROI’s size 0.85* 0.65*
Inter-operator a=1.22* 0.80* 0.28 0.54 0.81* 0.73*
Intra-software a= 0.83* 0.80* 0.01 0.54 0.90* 0.69*

Table 8: Summary table of study’s results with the three mains reproducibilities. The subgroups are represented in italics. In
bold are showed the results above the lower limit recommended.

*highly significant (P<0.001)

6. Discussion

6.1 Inter-software reproducibility
The main purpose of this study is the inter-software reproducibility between Intellispace and
Olea. These two programs are used daily in many hospitals, so it is important that the results

obtained correspond.

The scatter plot has demonstrated that the data prediction line is far from the line of identity.
Moreover, the coefficient of determination is low with 54%, which proves a mean dispersion of
the data. In the Bland Altman, the mean difference is very close to 0 with -0.05. However, the
standard deviation is the largest of all reproducibilities at 0.81, compared with 0.54 for the other
two (table 8). The coefficient obtained for the intra-class correlation is just below the
recommended limit with 0.74, instead of 0.75. While Cohen’s Kappa just reaches the

recommended lower limit of 0.60.

Following the analysis of the results, it is possible to notice that there is a non-negligible

difference in the ratio rCBV obtained for each software. In addition, although Cohen’s Kappa




barely reaches the recommended limit, twelve out of 54 exams do not agree on the diagnosis,
which is not acceptable in a clinical context. This discrepancy is underlined with the highest
standard deviation of the study. Indeed, the high standard deviation of 0.81 proves that when
Olea gets a rCBV ratio of 1, Intellispace can get a ratio of 1.81 which is not good because the

cut-off is at 1.7, the therapeutic follow-up of the patient would not be the same.

To explain this difference in the rCBV ratio between the two software products, three
hypotheses were emitted. In first place, this can be caused by the partial volume effect. Indeed,
the adjacent structures inclusion within the ROI can alter the calculation of the rCBV. Secondly,
this negative effect can also be underlined thanks to the small ROI, because they are more
affected by the partial volume effect. At last, after eliminating this variability in cases with high-
grade gliomas, it remains only to exclude the pathological factor. In evaluating healthy regions,
the last variability involved come from respective mathematical models and how software

makers code it.

Contouring regions of interest, excluding necrosis and proximate vascular structures, reduces
the partial volume effect caused by adjacent tissues. However, according to the statistical
analysis, the results are still showing important differences in clinical reality and do not improve

inter-software reproducibility.

Nevertheless, drawing large ROl with a total area of at least 250mm? provides acceptable inter-
software reproducibility. Indeed, large ROI are less affected by the partial volume effect
because the percentage of the region affected is low relative to the total area.

After excluding the partial volume effect using the first two subgroups, the last subgroup
created compared the rCBV of healthy regions. The correlation between healthy regions is
guite good, apart from a visible outlier in fig. 9. In general, the results are relatively equivalent
to each other, except one that has a difference of 0.65 in table 2, which is high and not good

for a clinical context.

6.2 Inter-operator reproducibility on Olea

Inter-operator reproducibility is very important in a clinical context. The statistical results show
that there is a good agreement between the results on Olea. Indeed, the dispersion of the data
in the scatter plot is small with an R? at 0.80. The mean difference on the Bland Altman is close

to 0. This means that there is little difference between the rCBV ratios obtained for each




operator. However, this difference increases with the rCBV ratio. The intra-class correlation
coefficient and Cohen’s Kappa are good with 0.81 and 0.73 respectively, above the

recommended limits.

This small variation in the results is clinically acceptable. Furthermore, the operators agree on
the diagnosis of the patient. These results demonstrate that Olea is robust with several

operators.

6.3 Intra-software reproducibility on Intellispace

Regarding the last analyse of this study, the statistical results show an excellent agreement
between the leakage correction and gamma variate on Intellispace with an intra-class
correlation coefficient at 0.90. Dispersion is one of the smallest of all comparisons in this study;
mean difference is the closest to 0 and clinical judgment from DSC post-processing is

consistent. The results are totally acceptable for a clinical reality.

However, in two out of 54 cases, leakage correction gets a quantitative result, while gamma
variate does not. This can be explained by the proximity of the ROI to non-vascularized
structures, but also by its small size (<250mm?). These two situations prove that leakage
correction of Intellispace with the Boxerman-Weisskoff model is more robust than gamma

variate.

6.4 Limitations

6.4.1 Intra-operator variability
Despite the rigor used, each human is affected by a variability of its own. The shape, position
and orientation of each ROI have been checked numerous times to be as similar as possible
between the two programs. Nevertheless, differences between the ROI created by the same
operator exist. It is impossible to generate a compatible region of interest file between the two
software, so it is necessary to draw it each time. This limit only affects the inter-software

reproducibility, because in the intra-software reproducibility; the ROI are the same.

6.4.2 Sample size
After having analysed the variability of the scope, even if it is non-exhaustive, the statistical

conditions will be assessed.




To begin, the Bland Altman graph could have contained more patients in order to have a more
relevant interpretation. Martin Bland himself recommends a sample of at least 100 subjects,
even 200 patients (Bland, 2004). It was not possible to obtain the entire sample, but this limit

does not prevent us from reaching appropriate conclusions.

Furthermore, one of the subgroups used in inter-software reproducibility has a small sample
size. Indeed, the subgroup with necrosis or vascularized structure near the ROI is very large,

S0 nhot many subjects are without this partial volume effect.

6.5 Perspectives

Therefore, the evaluation of the influence of the presence of necrosis or vascularized structure
near the ROI on relative cerebral blood volume could be the subject of a future study. In fact,
a more adequate sample size could allow to know if this influence is one of the causes of the

inter-software’s poor reproducibility.

A larger sample size can also be used to complete the comparison of ROl drawn in a healthy
region. With a sufficient sample, it is possible to carry out the statistical tests which allow to

demonstrate a difference between the model of each software and its implementation.

To confirm this difference between Intellispace and Olea, performing this comparison with an
MRI phantom simulating flow eliminates the human variability created by the patient. It is thus
necessary to transfer the images acquired in the two post-processing software, which can lead
to a slight distortion of the data. To avoid this, it is possible to create a well-defined dataset
insertable directly into the software. By considering all the limitations, a difference between the

model of each software can be demonstrated.

Regarding the inter-operator comparison, it might have been interesting to add more operators
in order to obtain more accurate statistical results. This can confirm Olea's robustness against

different operators.




7. Conclusions and recommendation

Post-processing algorithms correcting for the leakage of gadolinium-based contrast agent
effect caused by the blood-brain barrier breakdown for a DSC-MRI are recommended.
However, it is important to evaluate the reproducibility of the methods and software in order to

be able to compare the results between the different studies and clinical institutions.

7.1 Inter-software reproducibility

The variability between rCBV ratios from Intellispace and Olea is not ideal in a clinical setting.
Despite this difference, the clinical opinion resulting from the post-processing of the DSC was
identical between the two programs, which is important. This means that institutions would

perform the same follow-up regardless of the software used.

e Toimprove the variability between them, it is necessary to draw a large ROI with a total
area of at least 250mm?,

e This alleviates the partial volume effect which is the first cause of this difference.
However, being careful to eliminate vascular structures and ROI necrosis does not
improve this variability.

e The second reason that explains this difference between the two programs is the model
used by each. Although they both use the Boxerman-Weisskoff model, in one out of 8
cases (12.5%), the rCBV ratio of healthy structures is different for no apparent reason
(position, size and orientation of the two ROI, tissue composition, proximity of a vessel,

etc.), which is not optimal.

7.2 Inter-operator reproducibility on Olea

The variability of the rCBV ratio between several operators on Olea is satisfactory, although
there are differences in the positioning of the ROI. This means that in the same institution, all
trained operators perform the post-processing in their own way. However, they get the same
results and a similar clinical decision and therefore between many institutions using Olea
Sphere v.3.0 - SP6.




7.3 Intra-software reproducibility on Intellispace
The variability of the rCBV ratio between gamma variate and the Boxerman-Weisskoff model
on Intellispace is excellent. Although the fitting to a gamma variate function is no longer

recommended, the clinical decision from DSC-MRI is similar.

To summarize, although software use the same models, there may be differences in how to
code the Boxerman-Weisskoff algorithm. Indeed, each post-processing software has its own

way of handling the model, which can affect the results.
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Summary in french — Résumé en francais

Introduction

L’imagerie de perfusion T2* par résonance magnétique est une des techniques les plus
utilisées dans la clinique pour quantifier la perfusion cérébrale et la néoangiogénése a l'aide
du premier passage d'un bolus de gadolinium. Afin d’éliminer I'effet de fuite de 'agent de
contraste causé par la rupture de la barriere hémato-encéphalique, il est recommandé d’utiliser
un algorithme aprés I'examen. Pour cela, il existe des logiciels de post-traitement avec de

modeéles mathématiques tels que le gamma variate ou le modéle de Boxerman-Weisskoff.

Problématiques

Le but principal de cette étude est d’évaluer la concordance des résultats obtenus entre
Intellispace Portal et Olea Sphere lors du post-traitement de la perfusion T2*. En effet,
plusieurs logiciels sont disponibles sur le marché, donc il est important que l'avis clinique

découlant de I'analyse de 'examen (néoangiogénese significative ou non) soit semblable.

La deuxiéme question posée consiste a analyser la reproductibilité entre deux opérateurs sur
Olea Sphere. Dans la clinique, il n’existe généralement pas une personne assignée a ce post-

traitement, c’est pourquoi il est important que le logiciel fournisse toujours le méme résultat.

La derniére problématique permet d’étudier la variabilité entre le gamma variate et le nouvel
algorithme de Boxerman-Weisskoff sur Intellispace Portal. Cela permet de déterminer si I'avis

clinigue découlant du gamma variate correspond toujours a celui de Boxermann-Weisskoff.

Matériel et méthode

Le deuxiéme opérateur dans cette étude était le Dr Wanyanga, junior en oncologie a I'hépital
de Fribourg avec une année d’expérience. Nous avons tous les deux été formés par la
Dre Vargas, senior en neuroradiologie avec 22 années d’expérience. La récolte de données a

duré plusieurs mois durant 'année 2018, de mars a novembre.

L’échantillon de départ comprend 46 patients atteints d’'un astrocytome ou d’un glioblastome
avec 72 examens réalisés a l'aide d’'une Imagerie par Résonance Magnétique de 3 Tesla. En
fonction de la nature de la tumeur, sa localisation, ainsi que la qualité d'image, 18 perfusions
cérébrales T2* ont été exclues. L’échantillon final de cette étude comprend donc 54 examens
appartenant a 35 patients (rapport H/F : 2.19:1 ; 4ge moyen : 59 ans [min : 27, max : 73]). Des

sous-groupes ont ensuite été créés a partir de cet échantillon pour I'analyse des résultats.




Les examens ont tous été analysés par deux logiciels capables de corriger I'effet de fuite d’un
agent de contraste a base de gadolinium a l'aide du modéle de Boxerman-Weisskoff :
Intellispace Portal version 9.0 et Olea Sphere version 3.0 — SP6, abrégés par Intellispace et
Olea. Le post-traitement des perfusion T2* a permis d’obtenir le volume sanguin cérébral relatif

(rCBV) normalisé avec une région controlatérale saine : le rapport rCBV.

Résultats

Dans I'ensemble, 'analyse du diagramme de dispersion, du Bland Altman, du coefficient de
corrélation intra-classe (ICC) et du Cohen de Kappa pour la décision clinique, révele une
différence concréte entre Intellispace et Olea. En effet, cela démontre que le rapport rCBV
obtenu n’est pas similaire entre les deux. C’est pourquoi, trois sous-groupes spécifiques ont

été créés pour essayer d’expliquer cette différence inacceptable pour un contexte clinique.

Le premier sous-groupe a été choisi pour analyser l'influence des tissus adjacents sur les
régions d’intérét (ROI). Les cas ont été sélectionnés par rapport a la proximité de zone
nécrosée ou de structures vascularisées du ROI tumoral qui peut produire un effet de volume
partiel. L’analyse du diagramme de dispersion avec le sous-groupe, de I'lCC et du Cohen de
Kappa démontre qu’exclure les patients dont le ROI est proche d’une nécrose ou d'une

structure vascularisée n’améliore pas significativement les résultats inter-logiciels.

La variabilité inter-logicielle peut s’expliquer également grace a la taille du ROI. Plus il est petit,
plus il est affecté par I'effet de volume partiel. Le deuxieéme sous-groupe a été sélectionné en
fonction de la taille de la région d’intérét tumorale (x250mm?). L’analyse avec outils statistiques

a démontré une bonne reproductibilité inter-logicielle avec des grands ROl (>250mm?).

A ce stade de I'étude, les résultats tumoraux différent entre Intellispace et Olea. C’est pourquoi,
une troisieme analyse a été réalisée afin de définir si cette différence est due a la variabilité
tumorale. Le dernier sous-groupe créé permet donc de savoir si des structures saines ont le
méme rapport rCBV entre les deux logiciels. D’apres les résultats, malgré un cas, les données

sont bien corrélées et peu dispersées autour de la ligne d’identité du diagramme de dispersion.

La variabilité inter-opérateur est essentielle dans le cadre d’un hopital universitaire. Les outils
statistiques (diagramme de dispersion, Bland Altman, ICC et Cohen de Kappa) démontrent

une bonne reproductibilité entre plusieurs opérateurs.

La reproductibilité entre le modele de Boxerman-Weisskoff et le gamma variate au sein

d’Intellispace est la derniére évaluation de cette étude. Pour cette comparaison, deux examens




ont d0 étre retirés de I'’échantillon, car le gamma variate n’a pas fourni de résultats au niveau

du ROI tumoral. Pour le reste de I'échantillon, 'analyse statistique est excellente.

Discussion

Il ne faut pas oublier de prendre en compte les limitations. En effet, malgré la rigueur utilisée,
il est impossible de créer un fichier du ROI compatible entre les deux logiciels, donc une
variabilité intra-opérateur existe. De plus la taille d’échantillon est petite pour le Bland Altman

ou pour les sous-groupes mais cela n'empéche pas d’obtenir des conclusions appropriées.

Conclusions et recommandation

La variabilité entre les rapports rCBV d’Intellispace et d’'Olea n’est pas idéale dans un contexte
clinique. Malgré cette différence, l'avis clinique découlant du post-traitement de la perfusion
T2* se rejoint entre les deux logiciels, ce qui est important. Cela signifie que dans I'ensembile,

les institutions réalisent le méme traitement indépendamment du logiciel utilisé.

Pour améliorer la reproductibilité inter-logicielle, il est nécessaire de dessiner des grands ROI
avec une aire totale d’au minimum 250mm?. Cela permet d’atténuer I'effet du volume partiel
qui est la premiére cause de cette différence. Cependant, faire attention a éliminer les
structures vascularisées et la nécrose du ROI n'améliore pas cette variabilité. La deuxiéme
raison qui explique la différence entre les deux logiciels est le modéle utilisé. Bien qu’ils
utilisent tous les deux le modéle de Boxerman-Weisskoff, dans un cas sur 8 (12.5%), le rapport
rCBV de structures saines est vraiment différent sans raison apparente (position, orientation

et taille des ROI, composition du tissu, proximité d’un vaisseau, etc), ce qui n’est pas optimal.

La reproductibilité du rapport rCBV inter-opérateur sur Olea est satisfaisante. Des différences
existent dans le positionnement du ROI. Cela signifie que dans une méme institution, tous les
opérateurs formés réalisent le post-traitement difféeremment. Cependant ils obtiennent des

résultats similaires entre plusieurs institutions utilisant Olea Sphere v.3.0 - SP6.

La variabilité du rapport rCBV entre le gamma variate et le modele mathématique de
Boxerman-Weisskoff sur Intellispace est petite, ce qui est un excellent résultat. Cependant le
nouvel algorithme est plus robuste, car il a pu générer un résultat pour tous les patients de

I'échantillon, contrairement au gamma variate.

Pour résumer, bien que des logiciels utilisent le méme modeéle, il peut exister des différences
dans la maniere de coder l'algorithme de Boxerman-Weisskoff. En effet, chaque logiciel de

post-traitement a sa propre maniére de traiter le modele, ce qui peut affecter les résultats.
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