PVEOut

PVEOut

4.5.00


Quality of life and management of living resources

“Research and technological development activities of a generic nature – Neurosciences - Behaviour, cognition and functional mapping of the brain”

(9.4)
Enhancement of Clinical Value of Functional Imaging through Automated Removal of Partial Volume Effect

PVEOut

Proposal n° QLRT-1999-30594
Thursday, 04 May 2000
Table of Contents

1. OBJECTIVES AND EXPECTED ACHIEVEMENTS
3

2. PROJECT WORKPLAN
4


2.1 Introduction
4


2.2 Description of workpackages
7




WP1: State of the art assessment
7




WP2: Software production
10




WP3: Phantom prototype production
12




WP4: Validation
14




WP5: Application to human studies
16


2.3 PROJECT STRUCTURE, PLANNING AND TIMETABLE
18




List of participants
18




Table 1: Workpackage list
22




Table 2: List of milestones
23




Table 3: List of deliverables
24




Figure 1: Management structure
25

3. ROLE OF PARTICIPANTS
27

4. PROJECT MANAGEMENT AND COORDINATION
36

5. EXPLOITATION AND DISSEMINATION ACTIVITIES
38

6. ETHICAL ASPECTS AND SAFETY PROVISIONS
39

7. ONGOING EC FUNDED PROJECTS
41

LIST OF ABBREVIATIONS USED IN THE TEXT
CO:
COnfidential

COST:
european Cooperation in the field of Scientific and Technical research

CSF:
Cerebro-Spinal Fluid

CT:
Computed Tomography

DICOM:
Digital Imaging and COmmunications in Medicine

EC:
European Community

FWHM:
Full Width at Half-Maximum 

GM :
Grey Matter

GUI:
Graphical User Interface

LAN:
Local Area Network

MRI:
Magnetic Resonance Imaging

MRS:
Magnetic Resonance Spectroscopy

MRSI:
Magnetic Resonance Spectroscopic Imaging
n.a.:
Not Applicable

NM:
Nuclear Medicine

NV:
Normal Volunteers

PACS:
Picture Archiving and Communication System

PET:
Positron Emission Tomography

PU:
PUblic

PV:
Partial Volume

PVE:
Partial Volume Effect

RE:
REstricted

ROI:
Region Of Interest

SPECT:
Single Photon Emission Computed Tomography 

WM:
White Matter

WP:
WorkPackage

1. OBJECTIVES AND EXPECTED ACHIEVEMENTS
Currently available functional brain imaging techniques, such as nuclear medicine tomographic techniques (i.e. Positron Emission Tomography – PET or Single Photon Emission Computed Tomography - SPECT) or Magnetic Resonance Spectroscopic Imaging (MRSI), are affected by a relatively low spatial resolution. As a result, accurate quantification using these tomographic techniques is not possible for structures that have dimensions comparable to the spatial resolution of the scanner due to partial volume effects (PVE).

This results in a limitation of the applications of functional techniques, especially in the study of many pathologies in which atrophy is a relevant feature (among the others, diseases with a great social impact such as Alzheimer’s Disease, Parkinson’s Disease, Creutzfeldt-Jakob Disease, Multiple Sclerosis).

Functional data can be corrected “a-posteriori”, based on the corresponding brain structure as assessed by structural imaging (CT or MRI). Correction a-posteriori implies no extra cost and additional distress for the patient in terms of additional studies.

Methods reported in the literature for partial volume effect correction, however, are not commercially available neither have been extensively validated to set a standard in this field.

Furthermore, no method has been completely automated, although theoretically feasible.

Consequently, most functional imaging data are used without any correction for partial volume effects (PVE), and this is felt to be one of the major limitations in the growth of functional imaging techniques.

No commercial software for processing of biomedical images is currently available which implements automated PVE correction functions.

Published PVE correction methods can be divided in two types, one aiming at obtaining a PVE-corrected image, the other one aiming at obtaining PVE-corrected quantitative data from selected Regions of interest (ROI’s).

Both methods can be totally automated, once they are coupled with an automated definition of ROI’s: infact, the only manual step of the voxel-based methods for correction of GM data (and their main source of inaccuracy) is the definition of two regions of “pure” WM and “pure” CSF values to measure their “pure” activity concentration (where “pure” means without contamination from other tissues).

These “pure” activity concentrations, in turn, are more accurately calculated using the ROI-based methods, which, however, need a a-priori definition of ROI boundaries in the single study.

Automation of ROI definition can be obtained coupling segmented images and digital brain atlases, as available in many functional study evaluation procedures (e.g. Talairach atlas applied to segmented brain MRI).

Aim of this project is to develop and standardise fully automated protocols for correction of partial volume effects in low-resolution functional PET, SPECT and MRSI data, using segmented brain MR images, to obtain accurate quantitative functional data.

After performance testing using computer simulations, the procedure will be validated in participating Centres using a dedicated brain phantom designed specifically for this purpose.

Quality control procedures, including phantom measurements, will be implemented.

The whole procedure will need to be accurate and yet simple and easy-to-use to allow its routinely use  in both clinical activity and research protocols.

In order to ensure the largest possible diffusion of use of the software, platform independence will be guaranteed by implementation on a workstation equipped with all DICOM (Digital Imaging and Communications in Medicine, accepted as the standard exchange image format by virtually all scanner producers) capabilities needed to receive from the scanners the images, to retrieve from the scanners the images of previous studies, to output to a DICOM device the corrected images.

The PVE correction method will be made available on a workstation supporting all relevant software for needed pre-processing steps (i.e. segmentation, co-registration, digital atlas application), to provide an integrated tool for comprehensive analysis of multi-.modality morpho-functional images.

2. PROJECT WORKPLAN
2.1 Introduction

This project, divided in 5 workpackages (WP) is structured in 3 phases:

1. Preparatory phase (WP 1)

Preparatory phase includes a common effort to assess the state of the art in this field and to program the work in view of the available resources.

At the end of this phase will be available an extensive review of the pertinent literature and a clear picture of the different software used by the diagnostic imaging international community to perform some of the post-processing tasks needed. PVE-correction techniques to be implemented will be defined together with the imaging techniques suitable for PVE-correction.

In order to correct the functional images using high resolution anatomical images, the two sets of images need to be represented in the same co-ordinate framework, with equal pixel size, slice thickness and image orientation (co-registration). This module is not needed when correcting MRSI data, which are intrinsically co-registered with MRI.

Furthermore, different brain tissues need to be recognised in high resolution images through segmentation procedures.

In addition, in order to provide a fully automated region of interest (ROI) definition, brain atlases which are widely used for inter-subject co-registration  in diagnostic and in functional imaging (for example Talairach's stereotactic grid) can be used.

Many co-registration, segmentation and brain substructures definition (brain atlases) algorithms have been proposed in the literature and are available both as freeware or in commercial image processing packages. Based on a review of the literature and on the experiences of participating Centres, in this phase participating partners will define co-registration and segmentation procedures, or a group of  procedures, which have the minimum requirements of accuracy, operator independence and robustness, to be used before further processing is performed. Where available as freeware, selected methods will be installed on the workstation and included in its standard setup.

For largely diffuse commercial software performing the required tasks, a subset of workstation will be equipped with these programs to test their suitability to subsequent steps.

In both cases, suitable interfaces will be made available in the software package developed in the next phases.

Hardware and necessary software will be installed at all participating Centres.

2. Software and phantom production (WP 2-4)

This is the core of the project, involving tight co-operation of different groups to put together health and medical research professionals, image processing expertise, hardware/software experts, to develop a software package implementing a specific innovative analysis method, coupled with tools for thorough and accurate validation.

Software development (WP2) and Phantoms development (WP3) will be simultaneous, with a final task of common testing, software debugging and possible phantom modification, (WP4) which will lead to final products.

Preliminary post-processing steps

Implementation of diffuse segmentation and co-registration techniques will be obtained, when possible, by providing suitable interfaces to existing programs selected in WP1. Where not implementable as it is on the selected hardware platform, new software code will be developed to perform selected tasks.

To improve available segmentation techniques, since even on high resolution MR data sets, boundaries between different tissues in some areas do not have sharp boundaries, and model-driven (atlas) refinement may be limited by wide inter-subject variability, an improved method for defining the zone of transition between two tissues will be developed, that provides a better balance between data driven and model driven constraints.

Beside implementation of brain atlases as defined in WP1, ROI manual definition of regional brain compartments on the high resolution MR images will be allowed.

PVE Correction module

Finally, a technique for PVE correction for multiple brain compartments (GM, WM, CSF, pathological tissue) will be developed.

A module for generation of PVE-corrected images of the tissues(s) of interest (e.g. for PET studies of glucose metabolism, GM) will also be implemented for qualitative analysis of the tracer distribution.

PVE correction will take into account 3D features of the acquisition technique of functional low-resolution images. The program will thus have to incorporate  a 3D simulator of the PET and SPECT image generation processes (including emission statistics, attenuation and attenuation correction processes, noise, image reconstruction processes) modifiable according to specific scanner's features. This module will also generate the simulated low-resolution images available for display to the operator for confrontation with the real PET-SPECT-MRSI images.

For MRSI, image features and signal distribution in 3D will need to be analysed in order to simulate PVE in metabolite distribution maps.

Modularity of the software package will allow future upgrades of the software with new modules, upon the emergence of new techniques capable of accomplishing the relevant image analysis tasks.
Validation

A first validation of the PVE correction techniques will be performed under controlled conditions of noise, co-registration and segmentation accuracy using simulated low-resolution functional images.

Phantom scanning will be performed at the participating clinical Centres, simulating also real human study conditions through the development and use of an anthropomorphic phantom.

Two types of phantom will be produced:

· a geometric phantom, designed to verify accuracy of PVE-correction for structures of different dimensions

· an anthropomorphic phantom, designed based on a segmented brain MR study, to replicate actual MR and functional imaging scanning conditions.

Further validation will then be performed at selected Centres comparing the quantitative (for PET) or semiquantitative (for SPECT and MRSI) results obtained at different resolutions with different post-processing techniques.

If necessary, according to preliminary results software and phantom will be modified, and another round of validation scans will then be performed to obtain final validation results.

At the end of this phase the final versions of the software and of the phantom will be available at all participating Centres, while description of the PVE-correction technique will be submitted for publication to international peer reviewed journals to ensure wide knowledge of the method among experts on the diagnostic imaging field.

If deemed applicable, patenting will be requested for the innovative characteristics and production processes of phantom, before any publication regarding specifically the phantom and validation result is attempted.

3. Preliminary clinical applications (WP 5)
Data form human studies database available at participating clinical Centres will be analysed.

No new study will be performed within this project.

This phase will be performed at participating clinical Centres to cover an initial limited range of clinical application, to provide evidence of the importance of obtaining actual quantitative data, purged from the most important factor affecting functional data results.

At the end of this phase results in human studies will be submitted for publication to international peer reviewed journals, to diffuse knowledge of clinical advantages of this innovative approach to multi-modality imaging.

2.2 DESCRIPTION OF WORKPACKAGES

Workpackage number :1 (State of the art assessment)

Start date or starting event: Month 1

Completion date: Month 5
N° of the partner responsible: 4

N° of other partners involved: 1,2,3,5,6,7

Person-months per partner and total: Partners 1 and 3: 10 person/months; Partner 2: 8 person/months; Partner 4: 14 person/months; Partner 5: 7 person/months; Partner 6: 6 person/months; Partner 7: 5 person/months; totally 60 person/months

Objectives

Task 1A: methods definition (Task co-ordinator: partner 4)

To provide participating members a comprehensive review of the proposed strategies for PVE correction to select those that can be exploited in the project.

To reach a consensus among the participants over the technique(s) for co-registration, segmentation and automated definition of brain regions to be implemented in the program.

To define the PVE correction technique(s) to implement and optimise on the workstation.

To prepare a list of the acquisition protocols (both for structural and functional imaging techniques) possibly suitable for PVE-correction

To allow members from different groups to integrate their expertise in image integration and to reach a common background including hands-on experiences at different Centres.

To have a list of all studies possibly suitable for PVE-correction available at participating Centres

To define a-priori minimum criteria to consider successful the PVE-correction technique developed in the following tasks.

Task 1B: Hardware/Software installation (Task co-ordinator: partner 7)

To define the configuration of the standard workstation to be installed at all participating Centres

To define optional software to be acquired for specific needs at selected Centres.

To have a workstation (configured as defined above) installed and connected to the local imaging department network at each participating Centre.

To have image DICOM capabilities available on scanners included in the project.

To have all participating Centres connected to the Internet via a fast connection in order to facilitate the exchange of image data.

Description of work

This workpackage, under the responsibility of partner 4, is divided into 2 separate tasks (1A and 1B), under the co-ordination of partners 4 and 7, respectively.

Task 1A: methods definition (Task co-ordinator: partner 4)

A review of the pertinent literature will be carried out to verify existing techniques for segmentation, co-registration atlas-based brain region definition, and PVE correction.

Data regarding already available programs (commercial software and freeware) that can perform part of the tasks needed for PVE-correction will be collected.

The aim of this approach is twofold:

· to avoid to replicate programs that are already available commercially or even as freeware

· to allow the final software package to be interfaced with as many external software as possible (at least the most diffuse) so that when possible, end user could keep on using for specific tasks the software he/she is used to. 

In view of this, experiences with different software used at participating Centres will be made available to all partners.

Within this phase will be encouraged short-term researcher exchange between participating Centres to obtain a common background.

Finally, based on the review of the results obtained with published PVE-correction techniques and on the specific needs of accuracy of the different functional imaging protocols, minimum acceptance criteria of accuracy of the PVE-correction technique to be considered satisfactory will be stated to be met by for the results of the preliminary validation tasks (WP4).

Based on the preliminary analysis of the literature, co-registration and segmentation techniques will be selected which have the necessary requisites of robustness, accuracy and wide diffusion in the diagnostic imaging community.

PVE correction strategies will be defined, which will include techniques both for calculation of Region of Interest (ROI)  corrected values and for generation of PVE-corrected images for visual inspection.

Inclusion criteria should take into account the possibility to apply the selected methods to data from imaging techniques (i.e. sequences and tracers) used in various pathologies where PVE correction is considered to be particularly useful, in order to make the software useful to analyse data from routine clinical studies and from as many data from previous studies as possible.

Task 1B: Hardware/Software installation (Task co-ordinator: partner 7)

An analysis package to be successful must be compatible with as many hardware platforms as possible. First step of this workpackage will be a collection of data to select the most diffuse network configurations in diagnostic imaging departments in Europe. An analysis of the available commercial PACS configuration will also be carried out.

Appropriate hardware, including workstation configuration, operating system(s) and the network configurations that will be supported, will be selected for the standard workstation to be installed at all participating Centres, and optional software to be acquired for specific needs at selected Centres will be defined.

At each of the participating Centres a workstation will be installed with the necessary development tools (selected programming languages, network software), including a DICOM demon for archiving and retrieving MR and NM images for subsequent post-processing. The workstation will be connected to the existing LAN’s.

Where necessary, a dedicated LAN will be installed and connected to the Internet via a fast connection.

Where needed, DICOM compatible storage devices and DICOM software for the scanners  will be purchased from the manufacturers.

Programming languages will be decided based on the tasks to be performed, on the expertise of participating personnel who will carry out the programming, on the ease of exportability of the final result for commercialisation.

If not available, software for conversion of available image file format into DICOM will be written.

In some of the Centres, as defined in WP2, commercially available software or freeware providing segmentation, co-registration capabilities will be installed for comparison purposes and to develop suitable interfaces to exchange image data.

At the beginning of this workpackage, a preliminary plenary meeting (“kick-off” meeting) will be held:

· to define operative aspects of the programme

· to approve organisational and communication protocols

· to define potential hardware platform(s) and operating system(s)

· for formal acceptance of workpackage responsibilities by participating responsible personnel

At the end of this workpackage, a plenary meeting will be held:

· to define the algorithms to be implemented and developed

· to enhance the exchange of information between clinical partners, programmers and phantom developers

Concurrently, a workshop will be held, open to selected groups not directly involved in the project (partners will be asked to suggest 5 Centres each):

· to extend the platform of possible collaborations to the project set-up

· to share the current perspectives and to receive suggestions regarding work progression

· to obtain possible further human studies data, for the final task of application of the method to actual human brain images (WP5).

Deliverables
D1) A review of published techniques for segmentation of brain MR images, including details on their commercial availability and possibility of inclusion as modules in the software.

D2) A review of published techniques for co-registration of brain MR images, including details on their commercial availability and possibility of inclusion as modules in the software.

D3) A review of published techniques for automated definition of brain substructures, suitable for implementation into a brain imaging data analysis tool (computerised brain atlases).

D4) A review of published techniques for PVE correction, both pixel-by-pixel and ROI based.

Milestones and expected results

At the end of this task the following should be available:

· List of existing freeware and commercial software implementing techniques included in deliverables N° D1-D4

· List of the segmentation technique(s) to be implemented on the workstation

· List of the co-registration technique(s) to be implemented on the workstation

· List of the atlas-based regional brain definition(s) to be implemented on the workstation

· List of the PVE correction technique(s) to be developed and implemented on the workstation

· Definition of the configuration of the workstation, including Operating System, Networking software, Development and programming tools, possible image processing commercial software to be installed at selected sites.

· Definition of the MRI, PET, SPECT and MRSI protocols possibly suitable for PVE correction as implemented in this project.

· Complete list for each participating Centre of the necessary hardware and commercial software equipment.

· Definition of minimum criteria of accuracy to be satisfied by the results of the preliminary and final validation tasks in (WP4) to accept PVE-correction.

Milestones

M1)
Availability in each Centre of a workstation connected to the imaging department scanners and to the Internet, providing development tools, relevant freeware and commercial software.

Workpackage number: 2 (Software production)

Start date or starting event: Month 6

Completion date: Month 17
Partner responsible: 2

Person-months per partner and total: Partners 1 and 6: 24 person/months; Partner 2: 23 person/months; Partner 3: 13 person/months; Partner 4: 16 person/months; Partner 7: 20 person/months; total: 120 person/months

Objectives

The final objective will be a modular software package which should include all segmentation, co-registration and atlas‑based brain region definition algorithms, along with an implementation of the PVE correction algorithms as defined in WP1.

In this task innovative aspects necessary to obtain a fully automated PVE-correction method will be exploited and implemented.

Description of work
This workpackage  is divided into two consecutive tasks:

Task 2A): Software design (Task co-ordinator: Partner 2)

During the first 5 months, a set of modules for each of the following tasks will be designed:

a)  Segmentation (to divide MR images into selected tissues and certain specific anatomical structures). Segmented images are the basis for PVE Correction. Different modules for different segmentation algorithms will be developed, in order to allow analysis of different sets of data, ranging from semi-manual mono-parametric methods (suitable for single contrast image sets) to fully automated multi-parametric segmentation techniques.  An improved approach to data-driven segmentation of edge support regions (i.e. the zone within which a boundary lies) will be implemented.  These regions will be conditioned by the anatomical information derived from the atlas about the probable location of tissue boundaries, the result being an improved definition of regions where partial volume effects are prominent.

b) Co-registration (to bring into a common coordinate system the NM and MRI data). This process is usually not needed when correcting MRSI data, which are intrinsically co-registered with MRI, but procedures to correct artefact due to patient motion will be considered.

c) Digital atlas or stereotactic-based brain region definition, needed for automated region of interest definition.

c) Nuclear Medicine image-generation process simulation. PVE‑correction is based on the simulation of the low-resolution image generation process. A module replicating the emission-attenuation-detection process of the NM tomographic techniques, adjustable to the features of the single scanner, will be developed. For MRSI, simulation will be limited to an appropriate smoothing.

Within this module, a virtual phantom will be developed to estimate PVE-correction accuracy in different scanning conditions of noise, resolution, co-registration and segmentation accuracy.

d) ROI-based PVE correction. Modules for correction of ROI values for PVE will be designed, taking into account all relevant sources of radioactivity (for NM) or signal (for MRSI) contributing to the image, including extra-cerebral tissues. Software should allow the manual selection of ROI’s or the automated definition based on the application of stereotactic to the segmented images, as described above, in order to automate the analysis.

e) PVE-corrected images. PVE-corrected images will also be generated for selected tissues (e.g. grey matter for glucose metabolism studies) to analyse the intra​‑compartment distribution of activity after PVE‑correction.

f) User-Interface. A framework for selection of single modules or definition of a sequence of modules for complete multi-modality images elaboration will be designed.

Will be care of each Centre developing specific modules design to write a complete description of the module to be included in the software package documentation by partner N°7.

Where applicable, guidelines provided by the COST B2 action (Cost B2 Action, 1997) will be followed.

Task 2B): Software writing (Task co-ordinator: Partner 7)

Module codes will be written using the programming tools selected in WP1.

When needed, an interface to commercially available software or freeware that can achieve the results of a module, as defined in WP1,  will be provided, in order to allow the researcher:

to use the techniques with which he is most familiar or for which he has already optimised his data acquisition parameters, and to compare results obtained using different methods to accomplish the same task, in order to choose the most suitable for the specific experimental setting.

Will be care of each Centre developing specific modules to write a complete description of the module to be included in the software package documentation by partner N°7.

At month 10 an operative meeting of the partners involved in the programming and phantom production (see workpackage 3) tasks will be held, to define specific problems, monitor the progress of the tasks, co-ordinate the two workpackages.

At the end of this workpackage (month 17), a plenary meeting will be held to present to all participating groups the software package and the phantom prototypes (see next workpackage) 

Deliverables:
D5) First prototype of the software package

Milestones and expected results:
M2) First prototype of the software package available and functioning on all the workstations at participating Centres.

Workpackage number: 3 (Phantom prototype production)
Start date: Month 8
Completion date: Month 24

Partner responsible: 1

Person-months per partner and total: Partner 1: 21 person/months; total: 21 person/months
Objectives:
To design and produce geometric and anthropomorphic brain phantoms for validation of PVE correction techniques and subsequent quality control procedures.

Description of work:
In order to test the accuracy of tracer concentration (for NM) and metabolites (for MRSI) estimates, in clinical conditions, an anthropomorphic brain phantom will be designed, along with a geometric phantom for assessment of the performance for objects of different sizes, with different concentration ratios.

For phantom construction, thermoformable resins will be used, which are frozen by laser light (stereolithography) with a submillimetric precision (0.1 mm), according to electronically pre-designed 3D templates. In order to obtain anthropomorphic phantoms, templates can be derived from segmented brain MR images, thus allowing the construction of multi-compartment phantoms in which very thin septa separate chambers which can be filled with solutions with different concentrations of radioactive isotopes and with gels with various doping, to simulate normal brain tissues relaxation features.

Original segmented brain MR image sets will need to be edited to allow complete filling of all compartments.

A geometric phantom with chambers of increasing dimensions immersed in one or more background solution compartments will also be designed.

Design of phantoms should allow the testing of a complete range of combinations of shapes, dimensions and activities which can be found in clinical conditions.

A set of phantoms, including two copies of the anthropomorphic phantom and a geometric phantom, will be produced and distributed to each participating Centre.

For each Centre carrying out the validation tasks, each phantom will be provided in two copies, one with compartments pre-filled with gelatines doped with paramagnetic metals to simulate brain tissue relaxation properties (MRI Phantom) and the other one with empty compartments, to be filled with solutions with appropriate radioisotope concentration to simulate the selected radiotracer distributions.

the results of the preliminary testing (see Task 4A of WP 4) will provide the basis for the correction of possible defects and improvement of the phantoms, which will then be implemented in a second phase of WP3 (months 22-24).

At month 10 an operative meeting of the partners involved in the programming (see workpackage 2) and phantom production tasks will be held, to define specific problems, monitor the progress of the tasks, co-ordinate the two workpackages.

Phantom design will be performed by Partner 1.

Stereolithography procedure will be subcontracted.

If deemed applicable, patenting will be requested for the phantom production procedure, before any publication regarding specifically the phantom and validation result is attempted.

Deliverables
D6) Prototype of the geometric and anthropomorphic brain phantoms for validation of PVE correction techniques.

D8) Final version of the phantoms.

Milestones and expected results: 

M3) Availability of the deliverable D6 at all participating Centres where validation scans will be performed

M5) Final version of the phantoms, available at participating Centres.

Workpackage number: 4 (Validation)
Start date: Month 18

Completion date: Month 28
Partner responsible: 5

Person-months per partner and total: Partners 1 and 5, 22 person/months; Partner 2: 20 person/months; Partners 3 and 7: 11 person/months; Partner 4: 12 person-months; Partner 6: 28 person-months; Total: 126 person/months
Objectives
To validate the PVE correction techniques developed. To control for the effect of different segmentation, co-registration and atlas‑based brain region definition algorithms. To verify that the modifications to software and phantoms meet the minimum accuracy criteria defined in Task 1A of WP1.

Description of work
Validation will be a three step process:

Task 4A: preliminary test (Task co-ordinator partner 5)

Participating Centres will preliminarily evaluate:

· The functionality of the software in different working conditions and with different  image sets (NM and MRSI)

· The accuracy of the PVE-corrected results in different computer-simulated conditions ("virtual PET phantom" with different degree of noise, activity ratios, co-registration and segmentation accuracy), with different scanners, tracers and protocols, and with different segmentation and co-registration techniques

Task 4B: software modifications (Task co-ordinator partner 1)

The results of the preliminary testing (Task 4A) will provide the basis for the correction of possible defects and improvement of the software.

During this task, at month 21, a plenary meeting for the evaluation of the preliminary validation results is scheduled, with a possible steering role over the prosecution of the project. Should the partners decide to change any detail of the following tasks, a subsequent plenary or restricted meeting (depending on the relevance of the changes to all tasks or only specific tasks) will be scheduled at month 25.

Task 4C: final phantom and software version production (Task co-ordinator: partner 6)

A final version of the software will be distributed to all participants.

Final testing of phantom and software will be performed in order to obtain:

· Verification of the functionality of the software in different working conditions

· Measures of the accuracy of the PVE-corrected results (NM and MRSI data) with different scanners, tracers and protocols, in order to allow comparison of quantitative data obtained in different settings.

· Comparison of the accuracy of the PVE-corrected results when using different segmentation and co-registration techniques, in order to allow comparison of quantitative data obtained using different pre-processing steps.

In this workpackage, accuracy of PVE-correction will be confronted versus minimum requirements posed in WP1 minimum accuracy criteria defined in Task 1A of WP1

Documentation will be completed

Phantoms will provide a tool for permanent quality control at Centres where the PVE correction is incorporated in the standard analysis of functional data.

Description of the PVE-correction technique and validation result will be submitted for publication to international peer-reviewed journals.

At the end of this Workpackage, month 28, a plenary meeting will be held to discuss final validation data and to plan subsequent clinical work.

Deliverables 
D7) Final version of the software package, including modules and GUI framework.

Milestones and expected results
M4) Final version of the software package, available at participating Centres.

M6) Final measures of the accuracy of the PVE correction in different scanning conditions (tracers, sequences and scanner resolution) and possible changes when using different co-registration and segmentation techniques.

M7) Manuscript describing the PVE-correction method(s) submitted for publication to international peer-reviewed journals.

M8) Patenting procedure for the phantom production method or manuscript describing the phantom and validation results submitted for publication to international peer-reviewed journals.

Workpackage number: 5 (Application to human studies)

Start date: Month 29
Completion date: Month 36
N° of the partner responsible: 3

Person-months per partner and total: Partners 3 and 6: 12 person/months; Partner 4: 18 person/months; Partner 5: 16 person/months; Total: 58 person/months
Objectives
To test the software on data from couples of actual human studies

To define minimum acquisition requirements (for MRI and corresponding functional study) to perform state-of-the art PVE‑correction in a wide range of functional studies (with different imaging techniques and different tracers).

To verify changes in the relationship of functional imaging to clinical data when PVE correction is performed.

To verify the increase in diagnostic/prognostic confidence of functional data when PVE correction is applied.

Description of work
As preliminary clinical work, data from the databases of couples of MRI and NM/MRSI studies available at participating Centres, and those provided by external Centres involved through the workshop held at the end of workpackage 1 will be processed using the software package to obtain PVE‑corrected functional data.

After checking for consistency of results obtained at different Centres in normal volunteers, where data obtained using the same technique are available, patient data will be compared to NV results and abnormalities will be correlated to disease severity scores and other clinical relevant data.

Systematic comparison of clinical results with and without PVE‑correction will be made in order to make a first estimate of the impact of the technique on the understanding of the pathophysiology.

No patient scan will be performed within this workpackage.

As final step, all participating Centres will define by consensus a set of acquisition protocols providing the minimum requirements for accurate PVE‑correction using the software developed within this project, which will be included in the software documentation.

The listing of acquisition protocols should cover all currently performed NM and MRSI brain studies.

MR acquisition protocols will have to be selected among conventional pulse sequences at the magnetic field strengths used in clinical practice (i.e. 0.5‑1.5 Tesla), in order to add no or minimum extra scan time for the patient and to ensure wide applicability of the method.

NM acquisition protocols will basically define the minimum requirements of resolution and sensitivity for each tracer to be suitable to PVE-correction with the proposed method, and if applicable, the preparatory steps (i.e. type of co-registration technique and ROI definition) appropriate for subsequent PVE-correction.

During this workpackage an operative meeting of the partners involved in the analysis of existing human studies database will be held at month 30, to co-ordinate software application, ensure uniformity of use and verify possible specific problems when using data from actual human studies.

Consensus definition of suitable acquisition protocols will be defined during a plenary meeting held at the end of this workpackage  (month 35), which will include also a workshop open to external selected Centres (see workshop at the end of workpackage 1), to present to a wider audience the final results, and to enlarge the knowledge of the potentialities of PVE-correction among Centres.

Deliverables
D9) Final results in clinical applications

D10) Consensus over acquisition protocols suitable for PVE-correction

Milestones and expected results
M9) Results of the analysis of the relationship between PVE‑corrected imaging data and clinical data from available studies.

M10) Manuscript describing clinical results submitted for publication to international peer-reviewed journals.
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Gannt chart reporting the temporal relationship of the project’s workpackages.

Timescale is in months, considering month 1 the start of the project.

P: Plenary meetings

O: Operative meeting, involving only Centres carrying out a specific task

The meeting at the end of  month 25 will be held only if major changes to project workplan have been decided at the month 21 plenary meeting.
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List of the  deliverables and milestones with chart of the expected delivery date.

Timescale is in months, considering month 1 the start of the project.

Table 1

Workpackage list

Workpackage

N°
Workpackage title
Responsible Participant n°
Person-Months
Start Month
End Month
Deliverable(s) n°

1
State of the art assessment
4
60
1
5
D1-D4

2
Software production
2
120
6
17
D5

3
Phantom prototype production
1
21
8
24
D6, D8

4
Validation
5
126
18
28
D7

5
Application to human studies
3
58
29
36
D9, D10



TOTAL
385




Table 2

List of milestones

Milestone N°
Title
Delivery date
Participants
Description

M1
Set-up ready
Month 5
All
Hardware and software installed at all participating centres

M2
Software prototype
Month 17
1,2,3,4,6,7
Prototype of the software package available at participating centres

M3
Phantom prototype
Month 19
4
Phantom prototypes available at Centres where validation scans are performed

M4
Software
Month 28
1,2,3,4,6,7
Final version of the software package, available at participating Centres.

M5
Phantom
Month 28
4
Final version of the phantoms, available at participating Centres

M6
Validation
Month 28
1,2,3,4,5,6
Measures of the accuracy of the PVE correction

M7
PVE-correction results
Month 28
1,2,3,4,5,6
PVE-correction method(s) submitted for publication

M8
Phantom results
Month 28
4
phantom and validation results submitted for publication or start of phantom patenting

M9
Clinica results
Month 36
2,3,4,5,6,7
Clinical results available

M10
End of the project
Month 36
2,3,4,5,6,7
Clinical results submitted for publication and end of the project

Table 3

List of deliverables

Deliverable N°
Title
Delivery date
Nature
Dissemination level
Dissemination target

D1
Review of the segmentation literature
4
R
PU
Neuroscientists

D2
Review of the co-registration literature
4
R
PU
Neuroscientists

D3
Review of the atlas-based regional brain definition literature
4
R
PU
Neuroscientists

D4
Review of the PVE correction literature
4
R
PU
Neuroscientists, NM physicians

D5
Prototype of the software package
16
P
CO
Consortium

D6
Physical phantom prototypes 
13
P
CO
Consortium

D7
Final version of the software package
27
P
CO
Consortium

D8
Final version of the phantom
27
P
CO
Consortium

D9
Results of clinical applications
35
R
PU
Neuroscientists

D10
Consensus over suitable acquisition protocols
35
R
PU
Neuroscientists
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Graphical presentation of the project’s components (Pert diagram) (II)
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3. ROLE OF PARTICIPANTS

Partner n°: 1

Name:
National Council for Research (CNR) / Centre for Nuclear Medicine

Contact person: Dr. Bruno Alfano, Director

Mailing address: Edificio 10 - Via Pansini, 5 80131 Napoli ITALY

Electronic address: quarante@unina.it

Contractual links to other participants: None

Objectives: CNR‑CNM will provide expertise in the field of brain MR segmentation, computer simulation of PET/SPECT image formation and multi-modality imaging presentation.

Workplan:
CNR‑CNM will participate in WP1, employing a total of 10 person/months, including:

· 1 person/month for collaboration to the definition of the state of the art in the field of brain MRI segmentation

· 1 person/month for collaboration to the definition of the state of the art in the field of brain imaging studies co-registration

· 1 person/month for collaboration to the definition of the state of the art in the field of digital brain atlases

· 1 person/month for collaboration to the definition of Hardware and Software suitable platforms

· 6 person/month for definition of the state of the art in the field of PVE correction in Nuclear medicine and MRSI, and it will be responsible in this sense of the completion of Deliverable D4.

CNR‑CNM will participate in WP2 for a total of 24 person/months, including:

· 2 person/months for collaboration to design of the segmentation modules

· 2 person/months for collaboration to the design of the co-registration modules

· 2 person/months for collaboration to the design of the digital brain atlas module for automated ROI definition

· 2 person/months for collaboration to design and writing of the Nuclear Medicine image-generation process simulator.

· 14 person/months for design and writing of the ROI-based PVE correction module, and it will be responsible in this sense of the completion of this module within Deliverable D5.

· 2 person/months for collaboration to the design of the PVE-corrected images generation module.

CNR‑CNM will be the only participant in WP3 for a total of 14 person/months, and will be responsible for the design and the production of the anthropomorphic and geometric brain phantoms (Deliverable D6).

Stereolitography procedures will be subcontracted. Subcontractor is expected to provide active collaboration in the production of the phantoms, interacting with the design procedures, employing a total of 7 person/months.

CNR‑CNM will participate in WP4 for a total of 22 person/months, including:

· 2 person/months for preliminary tests

· 18 person/months for implementation of modifications to phantoms and ROI-based PVE correction module , and it will be responsible in this sense of the completion of these products within Deliverable D7 and D8 (CNR‑CNM will be coordinator of task 4B: phantom and software modification).

· 2 person/months for collaboration to final software and phantom validation.

CNR‑CNM will not contribute significantly in terms of person/months to WP5, but it will provide cerebral blood flow SPECT (99mTc-HMPAO and ECD), neuroreceptor SPECT (123I-Iomazenil) and glucose metabolism PET (18F-FDG) studies from neuropsychiatry and neuro-oncology patients together with corresponding MR studies for analysis using PVEOut software.

Partner n°: 2

Name:
University of Kent at Canterbury - UK / Electronic Engineering Laboratories

Contact person: Dr. Alan Colchester

Mailing address: Kent CT2 7NT / CT1 7NT -  Canterbury, UNITED KINGDOM

Electronic address: a.colchester@ukc.ac.uk
Short Name: UKC

Contractual links to other participants: None

Objectives:
UKC will provide expertise in the field of brain MR segmentation and  co-registration.

Furthermore UKC, an Institute with a leading international position in the field of Medical Image Computing, will ensure proper assessment of the hardware/software issues of the project.

Workplan:
UKC will participate in WP1, employing a total of 8 person/months, including:

· 4 person/month for the definition of the state of the art in the field of brain MRI segmentation, and it will be responsible in this sense of the completion of Deliverable D1

· 1 person/month for collaboration to the definition of the state of the art in the field of brain imaging studies co-registration

· 1 person/month for collaboration to the definition of the state of the art in the field of digital brain atlases

· 1 person/month for collaboration to the definition of Hardware and Software suitable platforms

· 1 person/month for definition of the state of the art in the field of PVE correction in Nuclear medicine and MRSI.

UKC will be responsible of WP2 and will employ in it a total of 23 person/months, including:

· 1 person/months for technical co-ordination tasks

· 9 person/months for design and writing of the segmentation modules, and it will be responsible in this sense of the completion of this module within Deliverable D5.

· 1 person/months for collaboration to the design of the co-registration modules

· 1 person/months for collaboration to the design of the digital brain atlas module for automated ROI definition

· 1 person/months for collaboration to the design writing of the Nuclear Medicine image-generation process simulator, 

· 1 person/months for collaboration to the design of the ROI-based PVE correction module.

· 9 person/months for the design and writing of the PVE-corrected images generation module, and it will be responsible in this sense of the completion of this module within Deliverable D5.

UKC will participate in WP4 for a total of 20 person/months, including:

· 2 person/months for preliminary tests

· 12 person/months for implementation of modifications to segmentation and PVE-corrected images generation module , and it will be responsible in this sense of the completion of these products within Deliverable D7.

· 6 person/months for collaboration to final software and phantom validation.

Partner n°: 3

Name:
Karolinska Institutet / Department of Clinical Neuroscience / Psychiatry Section / Karolinska Hospital

Contact person: Dr. Lars Farde

Mailing address: 171 76 –Stockholm-SWEDEN

E-mail: lars.farde@psyk.ks.se
Short Name: KI

Contractual links to other participants: None

Objectives: KI will provide expertise in the field of psychiatric application of functional imaging, particularly neuroreceptor NM studies, as well as applications of digital brain atlases and partial volume correction techniques to Nuclear Medicine brain studies.

Workplan: 

KI will participate in WP1, employing a total of 10 person/months, including:

· 1 person/month for collaboration to the definition of the state of the art in the field of brain MRI segmentation

· 1 person/month for collaboration to the definition of the state of the art in the field of brain imaging studies co-registration

· 8 person/month for the definition of the state of the art in the field of digital brain atlases, and it will be responsible in this sense of the completion of Deliverable D3

· 1 person/month for collaboration to the definition of Hardware and Software suitable platforms

· 1 person/month for definition of the state of the art in the field of PVE correction in Nuclear medicine and MRSI.

KI will be responsible of WP2 and will employ in it a total of 24 person/months, including:

· 7 person/months for the design and writing of the digital brain atlas module for automated ROI definition

· 2 person/months for collaboration to the design writing of the Nuclear Medicine image-generation process simulator, 

· 2 person/months for collaboration to the design of the ROI-based PVE correction module.

· 2 person/months for collaboration to the design and writing of the PVE-corrected images generation module

KI will participate in WP4 for a total of 11 person/months, including:

· 2 person/months for preliminary tests

· 9 person/months for implementation of modifications to the digital brain atlas module, and it will be responsible in this sense of the completion of these products within Deliverable D7.

KI will be responsible for WP5 completion and will provide Neuroreceptor PET and MR Spectroscopy studies of psychiatric patients, together with matched MRI for application of PVE correction techniques. It will participate in WP5 for a total of 12 person/months including:

· 2 person/months for scientific co-ordination tasks

· 2 person/months for application of the software to on-site available studies

· 1 person/month for collaboration to application of the software studies from Centres who may have joined later the project providing Nuclear medicine and MRSI studies, together with matched MRI, for testing PVEOut

· 7 person/months for definition of state of the art protocols for Nuclear Medicine and Spectroscopy image analysis, including PVE correction, in psychiatry. In this sense KI will be responsible of the the part relating to research and clinical diagnostic imaging in psychiatry of deliverables D9 and D10.

Partner n°: 4

Name:
MR Department at Hvidovre Hospital, Copenhagen Hospital Corporation (H:S), Copenhagen University Hospital

Contact person: Dr. Olaf Paulson

Mailing address: Kettegaard Alle 30


DK-2650 – Hvidovre – DENMARK

E-mail: paulson@pet.rh.dk

Short Name: H:S

Contractual links to other participants: None

Objectives: H:S will provide expertise in the field of MR spectroscopy, clinical research activities in multi-modality imaging in  brain cerebrovascular disease, dementia, and multiple sclerosis.

Workplan: 

H:S will participate in WP1, employing a total of 14 person/months, including:

· 2 person/month for collaboration to the definition of the state of the art in the field of brain MRI segmentation

· 6 person/month for collaboration to the definition of the state of the art in the field of brain imaging studies co-registration

· 2 person/month for collaboration to the definition of the state of the art in the field of digital brain atlases

· 2 person/month for collaboration to the definition of Hardware and Software suitable platforms

· 2 person/month for definition of the state of the art in the field of PVE correction in Nuclear medicine and MRSI.

H:S will participate in WP2 and will employ in it a total of 16 person/months, including:

· 16 person/months for design and writing of the co-registration modules, and will be responsible in this sense of the completion of this module within Deliverable D5.

H:S will participate in WP4 for a total of 12 person/months, including:

· 2 person/months for testing of the software

· 10 person/months for implementation of modifications to the co-registration module, and it will be responsible in this sense of the completion of these products within Deliverable D7.

H:S will provide MR Spectroscopy studies of neurologic patients, together with matched MRI for application of PVE correction techniques. It will participate in WP5 for a total of 18 person/months including:

· 3 person/months for application of the software to on-site available studies

· 3 person/month for collaboration to application of the software studies from Centres who may have joined later the project providing Nuclear medicine and MRSI studies, together with matched MRI, for testing PVEOut

· 12 person/months for definition of state of the art protocols for Nuclear Medicine and Spectroscopy image analysis, including PVE correction, in Neurology. In this sense H:S will be responsible of the the part relating to research and clinical diagnostic imaging in Neurology of deliverables D9 and D10.

Partner n°: 5

Name:
INSERM / CYCERON, Caen

Contact person: Prof. J.C. Baron 

Mailing address: PO BOX BP 5229


Boulevard Henri Becquerel, Cyceron


14074 – Caen – FRANCE

E-mail: baron@aries3.cyceron.fr

Short Name: Inserm

Contractual links to other participants: None

Objectives: Inserm will not participate in the preliminary software designand writing tasks, but will be responsible of the validation workpackage, to ensure independency of the evaluation process.

It will also provide opportunities for application of the PVEOut software to neurodegenerative disorders (its main area of diagnostic neuroimaging research ), where impact of PVE-correction is expected to be the greatest.

Workplan:
Inserm will participate in WP1, employing a total of 7 person/months, including:

· 1 person/month for collaboration to the definition of the state of the art in the field of brain MRI segmentation

· 1 person/month for collaboration to the definition of the state of the art in the field of brain imaging studies co-registration

· 2 person/month for collaboration to the definition of the state of the art in the field of digital brain atlases

· 3 person/month for collaboration to definition of the state of the art in the field of PVE correction in Nuclear medicine and MRSI.

Inserm will be responsible of WP4 and will participate in it for a total of 22 person/months, including:

· 2 person/months for co-ordination of scientific aspects of the validation process

· 4 person/months for preliminary tests

· 2 person/months for collaboration to modifications to segmentation module

· 2 person/months for collaboration to modifications to co-registration module

· 2 person/months for collaboration to modifications of the digital brain atlas module for automated ROI definition

· 2 person/months for collaboration to modifications of the Nuclear Medicine image-generation process simulator.

· 2 person/months for collaboration to modifications to phantoms

· 2 person/months for collaboration to modification of the ROI-based PVE correction module.

· 2 person/months for collaboration to modification of the PVE-corrected images generation module.

· 2 person/months for collaboration to final software and phantom validation.

Inserm will provide Glucose metabolism (18F-FDG) and Cerebral blood flow (15O) PET studies from research protocols on the pathophysiology of neurodegenerative diseases (Alzheimer, Parkinson), aging, stroke and functional recovery, together with corresponding MR studies for analysis using PVEOut software within WP5.

Inserm will participate to WP5 for a total of 16 person/months, including:

· 3 person/months for application of the software to on-site available studies

· 1 person/month for collaboration to application of the software studies from Centres who may have joined later the project providing Nuclear medicine and MRSI studies, together with matched MRI, for testing PVEOut

· 12 person/months for definition of state of the art protocols for Nuclear Medicine and Spectroscopy image analysis, including PVE correction, in Neurodegenerative diseases.
Partner n°: 6

Name:
University Medical School of Debrecen / PET Centre

Contact person: Dr. Tron Lajos

Mailing address: PO BOX 52


Nagyerdei krt. 98


4012 – Debrecen – HUNGARY

E-mail: tron@pet.dote.hu

Contractual links to other participants: None

Objectives: DPC will provide expertise in the field of clinical PET in neurology and psychiatry, and will be mainly in charge of the computer simulation of Nuclear Medicine image generation process, necessary to generate algorithms for PVE-correction and for preliminary tests (virtual PET phantoms).

Workplan: 

DPC will participate in WP1, employing a total of 6 person/months, including:

· 1 person/month for collaboration to the definition of the state of the art in the field of brain MRI segmentation

· 1 person/month for collaboration to the definition of the state of the art in the field of brain imaging studies co-registration

· 1 person/month for collaboration to the definition of the state of the art in the field of digital brain atlases

· 1 person/month for collaboration to the definition of Hardware and Software suitable platforms

· 2 person/month for collaboration to definition of the state of the art in the field of PVE correction in Nuclear medicine and MRSI.

DPC will participate in WP2 for a total of 24 person/months, including:

· 2 person/months for collaboration to design of the segmentation modules

· 2 person/months for collaboration to the design of the co-registration modules

· 2 person/months for collaboration to the design of the digital brain atlas module for automated ROI definition

· 14 person/months for design and writing of the Nuclear Medicine image-generation process simulator, and it will be responsible in this sense of the completion of this module within Deliverable D5.

· 2 person/months for collaboration to design of the ROI-based PVE correction module.

· 2 person/months for collaboration to the design of the PVE-corrected images generation module.

DPC will participate in WP4 for a total of 28 person/months, including:

· 2 person/months for preliminary tests

· 20 person/months for implementation of modifications to phantoms and ROI-based PVE correction module , and it will be responsible in this sense of the completion of these products within Deliverable D7 and D8.

· 2 person/months for collaboration to modification of the ROI-based PVE correction module.

· 2 person/months for collaboration to modification of the PVE-corrected images generation module.

· 2 person/months for collaboration to final software and phantom validation.

DPC will provide cerebral blood flow SPECT (99mTc-HMPAO and ECD), glucose metabolism (18F-FDG) and Cerebral blood flow (15O) studies from neuropsychiatry and neuro-oncology patients together with corresponding MR studies for analysis using PVEOut software.

DPC will participate to WP5 for a total of 12 person/months, including:

· 3 person/months for application of the software to on-site available studies

· 1 person/month for collaboration to application of the software studies from Centres who may have joined later the project providing Nuclear medicine and MRSI studies, together with matched MRI, for testing PVEOut

· 13 person/months for definition of state of the art protocols for Nuclear Medicine and Spectroscopy image analysis, including PVE correction, in Neurology. In this sense DPC will be responsible of the the part relating to research and clinical diagnostic imaging in Nuerology of deliverables D9 and D10.

Partner n°: 7

Name:
RASNA Imaging Systems

Contact person: Auro Pampaloni

Mailing address: Via Panciatichi, 26/3


50127 – Firenze – ITALY

E-mail: lapo@rasnaimaging.com
Short Name: RASNA

Contractual links to other participants: None

Objectives: RASNA will provide expertise in the field of the diagnostic images transmission and management protocols, in particular DICOM, and in the industrial exploitation of the medical software.

RASNA will also collaborate to an appropriate assessment of the hardware/software issue of the project

Workplan: 

RASNA will participate in WP1, employing a total of 5 person/months, including:

· 5 person/month for collaboration to the definition of Hardware and Software suitable platforms and it will be responsible in this sense of the achievement  of Milestone M1

RASNA will participate in WP2 for a total of 20 person/months, including:

· 1 person/months for collaboration to design of the segmentation modules

· 1 person/months for collaboration to the design of the co-registration modules

· 1 person/months for collaboration to the design of the digital brain atlas module for automated ROI definition

· 1 person/months for design and writing of the Nuclear Medicine image-generation process simulator

· 1 person/months for collaboration to design of the ROI-based PVE correction module.

· 1 person/months for collaboration to the design of the PVE-corrected images generation module.

· 12 person/months for design and writing of the main program (and corresponding manuals) which will include all the above mentioned modules, in particular reguarding a suitable Graphical-User Interface, and it will be responsible of the Task 2B (Software writing) and of completion of the main program within Deliverable D5.

· 2 person/months to collaborate to installation and set-up of the software prototypes at participating Centres.

RASNA will participate in WP4 for a total of 11 person/months, including:

· 1 person/months for collaboration to preliminary tests

· 8 person/months for modification of the main program (and corresponding manuals), and it will be responsible of the completion of the main program within Deliverable D7.

· 1 person/months for collaboration to final software and phantom validation.

· 1 person/months for collaboration to final software installation and set-up at participating Centres.

4. PROJECT MANAGEMENT AND COORDINATION
CNR‑CNM is coordinator of the project, it will be responsible of all burocratic tasks and will provide a permanent secretarial support to the project. For this specific task 10 person/months have been allocated.

Responsible persons of participating Centres will constitute a steering committee, which will meet at the plenary meeting to assess progresses in the research activities, to evaluate the project, to verify the adherence to the defined schedule, to take corrective actions if deemed needed. Progress reports will be prepared at the end of each WP. Meetings will also be used for definition and discussion of scientific papers to be published in relevant international scientific journals, to ensure the largest diffusion of the results among the potential end-users of the software.

Researchers exchange between participating Centres will be encouraged in order to homogenise the knowledge of relevant post-processing techniques used at different Centres.

The research progress reports will be published in pertinent peer reviewed journals and Institution bulletins to make the results of the project available to the European clinical and research institutes.

According to the objectives of the programme, new software will be developed and implemented, and normal, diseased and ageing brain will be studied. New software and updated versions will be continuously exchanged between participants and will be available for clinical use as soon as possible.

All participants in the project, including two from industry, are full partners. The project co-ordinator is responsible for the execution and the co-ordination of the whole program. The responsibility of each task is assigned to a specific researcher, based on his/her expertise and interest in the specific field. It will be the researcher's responsibility to  monitor the ongoing progresses and timing of the assigned task, with particular regard to the adherence to the constraints reported in the work time schedule. In the workpackage list task, the involved Centres, the task responsibilities and the required man-months are reported. The scientist-in-charge at each Centre is also responsible for reporting the progress and for supervising the local contribution towards project deliverables and milestones. The progress of the research program will also be monitored also by research meetings as reported below (see also time schedule):

Care has been taken to provide that validation tasks had a responsible partner different from the development tasks, to ensure independence of evaluation of the results.

Electronic mail will be used as the method of choice for exchange of documentation and software. Meetings will be arranged preferentially on weekends in order to minimise all travel and lodging expenses.
The merging of six research Centres with specific expertise and research interests in multi-modality brain imaging (Partners 1-6), documented by the papers on these topics published in international journals, will guarantee accuracy and completeness of the reviews of the state of the art in the field, which are the basis for a correct and complete set up of the techniques to be implemented in the software.

A-priori definition of the minimum acceptance criteria (in WP1) for the accuracy of the PVE-corrected results in the validation steps (WP4), will guarantee transparency of the internal  outcome monitoring parameters. Furthermore, the co-ordinator of the evaluation task (Partner 5) will not be involved in any of the software or phantom development task, to ensure independent evaluation of the resulting products, and of their adherence to criteria posed in WP1.

The two-steps evaluation of the software/phantom performance will allow a possible steering in the PVE-correction module set-up, to be defined in the general meeting of the partnership at the end of month 20.

The respect of the milestone and deliverables dates, as defined in the charts of the expected achievement dates (see forms B) will be guarantee of correct project management.

A mid-term review of the progress of the project will be instigated by the Commission services and organised by the co-ordinator and representatives of all the participants. The Commission may be assisted by external experts who shall be subject to confidentiality agreements. Such review shall take place between months 18 and 24 of the project. The Commission services and the co-ordinator will agree upon the date and the agenda for the review at least two months in advance.

Sectorial meetings

Sectorial meetings will be a major instrument for the co-ordination of activities of different projects and to derive Community added-value from the interplay of subprojects addressing a common problem through various complementary approaches.

They will have to bring together the active scientists of all participants laboratories to review interim results, to work out best possible interactions, to participate in a collective exercise of strategic thinking where research is put in perspective with industrial and broader societal needs in Europe. The same sectorial meetings will be used as events to communicate information to the Commission in the first place, and also to outside interest groups with a view to facilitating the monitoring of project developments. As such, they are compulsory and entail the following provisions made under this contract:

· the frequency of the sectorial meetings is one per year;

· the organisation arrangements (scientific programme, choice of the local organiser, inclusion of external participants if applicable) are submitted to the Commission for approval prior to making definitive commitments;

· the cost of one scientist per participating laboratory is covered by the travel fund set aside from the EC contribution to the research costs of each participating laboratory.

5. EXPLOITATION AND DISSEMINATION ACTIVITIES
Co-workers of the software development groups in the applicant Centres, after completing specific tasks, will assist the clinical groups in implementing the newly developed methods on the respective workstation.  New technologies will therefore be available timely for the clinical tasks of the project.

The project for industrial implementation of the software package on the workstation will be available at the end of the project and RASNA Imaging will implement it without EU contribution.

With the exception of products suitable for patenting, software description and clinical results will be submitted for publication to international peer reviewed journals, to diffuse knowledge of the clinical advantages of this innovative approach to multi-modality imaging among potential end-users of the product, provided that in medical diagnostic imaging, the use by a “critical mass” of reference Centres (here provided by the consortium) and the publication of the method and of its validation on high‑profile journals of the field, are  necessary condition for diffusion of new techniques.

In particular, patenting is envisaged for the multi-compartment anthropomorphic functional/structural phantom production technique. If applicable international patent will be requested before phantom description is submitted for publication.

Furthermore, description of the method, validation and clinical results, will be timely made available to the diagnostic imaging, neurology, neuro-psychiatry and neurosurgery international community through  presentations at the relevant meetings and congresses of the corresponding international al societies. 

Where applicable, exploitation of intellectual property rights will be ruled by the Harmonised Contract (EC/DGXII-F) and following.

Contractors shall submit at, or before, the end of the Project a technology implementation plan acceptable to the Commission. This plan should indicate all potential foreground rights and exploitation intentions. It shall include a summary of the project, the forecast of the intentions of each contractor and description of achievements regarding use of the knowledge (including timetable).

The co-ordinator shall provide, by contract signature, a one-page publishable summary of the project which can be easily disseminated and distributed to the public. In addition, not later than the first report, the co-ordinator shall provide to the Commission a publishable poster targeted to a non specialist audience and summarising the main features of the entire project

6. ETHICAL ASPECTS AND SAFETY PROVISIONS
This project does not involve use of: human embryos or foetus, human tissues (including embryonic or foetal), non-human primates, trans-genic or other animals. This project does not involve genetic modification of animals or plants.

In this project, previously acquired studies available in digital format at participating Centres will be analysed. No new studies in human or animals will be performed within this project, informed consent is therefore not requested.

All European Community and national regulations concerning personal privacy will be respected when handling human studies. In particular:

-
studies elaborated in the present project will be stored and analysed after removal of all personal identification data (names will be substituted by anonymous identification codes, and no track will be kept of the original patient or protocol identity).

-
permission to handle health and related personal data will be granted by the head of the Institution or by the responsible for health data management

These modalities of personal data handling satisfy requirements of national laws enforced in nations harbouring participating clinical centres. In particular:


In Denmark, approval of the local Ethics Committee is required before any biomedical research projects on human individuals are conducted (law no. 503 of June 24, 1992, including subsequent revisions 1133/1994, 499/1996, 1228/1996, 460/1997, and 69/1999). All studies from H:S that will be analysed within this project belong to protocols regarding stroke and dementia patients that have been approved by the Danish local Ethics Committee by J.nr KF 01-053/96 and KF 01-230/99. Approval for personal data registration has been obtained from the local Data Surveillance Authority.


In France, the privacy of personal information is protected by the Comite National Informatique et Libertes, and the INSERM U320 head (dr JC Baron) has signed the official agreement that all handling of personal data in the process of the research carried out in his department will conform with the regulations set forth by this committee.


In Hungary, law N° XLVII/97 concerning "handling and security of the health and related personal data" is enforced, and all activities performed within this project by DPC satisfy its requirements.


In Italy, law N° 675/96 concerning " security of personal data" is enforced, and all activities performed within this project by CNR‑CNM satisfy its requirements. The use within this project of PET, SPECT and MRI brain imaging studies available at the CNR‑CNM has been approved by the chief of the Nuclear Medicine Department and Radiology Institute of the University Hospital of the University "Federico II" of Naples and by the director of the CNR‑CNM.


In Sweden, data will be analysed which have been acquired in a previous project "A PET-study on striatal and extrastriatal D2-receptor density in drugnaive patients with schizophrenia", approved by the Ethics Committée of The Karolinska Hospital (No 30/96, 96/09/10). The handling of these data within this project satisfies laws concerning "security of personal data" according to the instructions of The Swedish Medical Research Council, MRC Report 2, 1996 (English translation 1999). The use of the material is approved by the Head of The Department of Clinical Neuroscience.
Centres which may join later the project, will also comply with the relevant community and national regulations.

Concerning safety provisions, each of the clinical Centres carrying out phantom testing will be in this sense responsible of the local activities, fulfilling all relevant local and European legal requirements for safety provisions implementation, especially in handling radioactive material (among the others, Euratom 80/836, 84/467, 84/466, 89/618, 90/641, 92/3 and following updates and modifications).

In phantom preparation, only short-lived radioisotopes used for clinical studies (i.e. 99mTc and 18F) will be used, and preparation will not differ in any respect (both in terms of amount of activity used for phantom preparation and in handling precautions) from preparation of standard phantoms for broadly defined types of equipment, as performed daily for scanners quality assurance procedures. In particular, all precautions will be taken to reduce to the minimum personnel exposure to ionising radiations, however small, according to standard procedures of good and normal practice regarding radioactive material handling.

Phantom design will ensure complete impermeability, which will be certified by the manufacturing company (subcontractor) and will be further granted by its inclusion in an additional external plastic container.

It should be noted that phantoms will be shipped to participating Nuclear Medicine Institutions without any radioactive content. When scanning is performed, filling with 99mTc or 18F will only be performed in Centres authorised by national authorities to handle short-lived radioisotopes for clinical and scientific purposes. No transportation of radioactive material outside participating Nuclear Medicine Departments is in any respect done within this project.

In particular, in Italy CNR‑CNM will handle phantom preparation with 99mTc at the Nuclear Medicine Department of the University of Naples and with 18F at the PET Centre located within the Nuclear medicine Department of the National Cancer Institute. All requirements of the Italian Law N° 230/95 regarding radiation safety are fulfilled by this protocol.

In Sweden, KI is authorised to handle short-lived radioisotopes for clinical and scientific purposes. All requirements of the Swedish laws regarding radiation safety are fulfilled by this protocol.

In France, the inserm personnel is authorised to handle short-lived radioisotopes for

clinical and scientific purposes according to the requirements of the French law N° 86/1103 of the 02/10/1986 regarding protection of workers from ionizing radiations, and the law of the 30/10/1981 regarding the handling of closed sources. thus radiation safety is fulfilled for this protocol.

In Hungary, DPC is authorised by the Public Health Medical Service of the Hungarian Government to handle short-lived radioisotopes (including 99mTc and 18F) for clinical and scientific purposes (protocol N°17-1/234/1993).

No other activity involving handling of radioactive isotopes will be carried out in this project.

No activity involving handling of biological materials of any sort (e.g. blood samples) will be carried out in this project.

The co-ordinator shall implement the research project in full respect of the legal and ethical national requirements and code of practice. Wherever authorisations have to be obtained from national bodies, these authorisations shall be considered as documents relevant to the project under Article 27 of Annex II of the contract.

Copies of all relevant authorisations shall be submitted to the Commission prior to commencement of the relevant part of the research project.

The co-ordinator shall take all measures to assure that appropriate environmental safety provisions are fulfilled in the course of the project by all contractors, particularly those related to the deliberate release into the environment of genetically modified organisms.

In addition the co-ordinator shall take all measures to assure for all contractors that, when dealing with biological material, strict safety procedures are in place in compliance with national and EU regulations on biosafety.

All work must be carried out in compliance with national and EU regulations on safety.

6.
ONGOING EC FUNDED PROJECTS
· Partner 2 was co-ordinator of the successful Biomed-2 project, “Development and validation of techniques for brain morphometry - BIOMORPH” (PL 95-0845).

· Partner 2 is co-ordinator of the current project 97-6048 “Quantitative analysis of MR scans in CJD – QAMRIC”.

· Partner 3 has co-ordinated an EC project within the BIOMED2 action of the IV Framework Programme "Clinical Pharmacology by Functional Imaging of D2-Receptors for Optimal Treatment of Schizophrenia (CPFIDOTS)", contract Nr.: PL 95‑0220

· Partner 4 is co-ordinator of an ongoing projects for 3 year (1996-99): "Evaluation of
brain diseases by quantitative magnetic resonance metabolic, perfusion, and diffusion imaging" (PL 95‑0861).

· Partner 5 already participates in an EC project within the Quality of Life programme of the V Framework Programme entitled 'Network efficiency and standardisation of dementia diagnosis (NEST-DD)', which is co-ordinated by Dr. K.Herholz (Cologne), which also includes D. Perani (Milano), E Salmon (Liège), S Sorbi (Florence), and V Holthoff (Dresden).
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