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SUMMARY

The overall purpose of the proposed Neuroimaging Analysis Center (NAC) as a Resource has been to continue the tradition of the Surgical Planning Lab to develop computerized image-processing techniques for basic and clinical neurosciences.  We have already  accomplished  this overall goal by expanding the already present capabilities of the MRI Division and the Surgical Planning Laboratory (SPL) of the Radiology Department of Brigham and Women’s Hospital (BWH) and Harvard Medical School (HMS) with tools developed within the NAC.  We have consolidated all neuroscience-related activities of the SPL. We have  continued to disseminate both the algorithmic and service features of the NAC and have improved the access to  our facilities.

As far as our Specific Aims are concerned we further developed our Core Technologies which support the basic and clinical research activities.

Segmentation  

During the first eight months of funding of the NAC the segmentation sub-project has proceeded essentially as planned in the proposal. Cut plane has been added to the CM volume editor. We have decided to not continue adding more features to the CM, but instead focus our efforts on migrating the volume editor to our high performance compute cluster.  Preliminary results from extending the EM segmenter using a Markov random field approach have been obtained. We also developed the Fractional Segmentation  method.  Bone segmentation based on adaptive filtering has been implemented and work on enhanced vessel segmentation has been initiated.  The implementation of fast threaded linear registration has been finalized.  Progress in elastic matching is ahead of schedule. We have enhanced the speed of our elastic matching algorithm was planned for year 2 of the project. Progress has been made in application and validation of TDS to the quantification of brain white matter abnormalities.

Registration

During the first eight months of funding of the NAC the registration sub-project has proceeded essentially as planned in the proposal. In order to obtain a faster implementation of MI-based registration we are shifting our focus to parallelizing the EMMA algorithm. The "3D Slicer" program  is an integrated interactive environment that is designed to allow the manipulation and display of a collection of 3D models as well as a collection of scan data. Our main MI registration implementation has been modified to work as a subsystem of the Slicer, which now serves as the user interface.

Visualization  

During the report period, we have made significant progress in developing the foundations for our visualization, collaboration and presentation tools as outlined in the grant document. We are in the process of bringing online a web server computer that will centralize access to visualization data.  We have compiled and configured web server software.  We have compiled and configured a search engine that indexes our current web server to provide more convenient access to data.   We have developed a web-aware program launcher, jdemo, as a prototype framework for our visualization client software.  We have continued to develop visualization tools based on the freely available open source toolkit vtk, as proposed.

Interactive digital anatomy atlas 

In our proposal we have stated that will continue developing the atlas for educational purposes. We have added new set of labeled structures. We have performed elastic registration of three acquistions from the same normal volunteer subject and integrated the data sets into a mosaic or composite data set.  The SPL Anatomy Browser has been licensed to 18 new locations (11 to the US and Canada and 7 to other countries).

High-Performance Computing  

The HPC core has been instrumental in the development of several new applications. We have improved our ability to carry out automated segmentation of scans of brain tumor patients for surgical planning and image-guided surgery. We developed and then assessed the accuracy and reproducibility of an automated method or the segmentation. We have recently developed a new nonlinear registration algorithm that allows biomechanically accurate simulation and modeling. We developed a fast parallel linear registration algorithm particularly suited to the problem of inter-patient registration. A novel image segmentation algorithm was developed to allow the automatic segmentation of both normal and abnormal anatomy.

Service

The NAC has begun to provide service to the scientific community, and to clinical activities, by making the core technologies available. Services include existing primary collaborative projects and other projects that already utilize some of the resources of the NAC and new investigations within the hospital and the neuroscience community around us.

In addition to the work with the core collaborators, we have continued to provide access to our atlas data sets to outside groups upon request. We have also begun to provide test data sets with reference segmentations for normal brains and data sets with manual segmentations. Our visualization platform (called Slicer) has become stable enough, the we are providing it to selected collaborator groups.

The SPL/NAC has engaged in major collaboration efforts in two major areas: It is an active participant in the DOD funded CIMIT   (center for innovative minimally invasive therapy of Partners Org.) project and it is a participant in the John Hopkins led, NSF funded ERC (Engineering Research Center).

Training

Since grant submission 09/1997 we have updated our trainee list. The number of new trainees during the reported period is 64.

Dissemination of Information

We have continued to publish peer-reviewed articles, reviews and have participated in and presented our results at multiple national and international conferences. We continue to have a substantial presence in the field of neuroimaging and computerized image analysis. We maintain an extensive World Wide Web (WWW) site on the Internet to make available the following information: a description of research activities, technical reports, software and a radiological teaching archive. The PI was the organizer of a NCI workshop about image-guided diagnosis and treatment and headed a national teaching course about MRI and CT. The co-PI was the general co-chair of an international meeting to that topic (MICCAI). Our website has been maintained and constantly updated. In parallel, work has begun about 6 months ago, to completely redesign and overhaul the website.  

External Advisory Board

Even though the resource has only been funded for a few months, we have begun using opportunities such as conferences and meetings to meet individually with the members of the external advisory board. The PI and CO PI have met with G. Glover, S. Pizer, K.H. Hoehne, R. Bajcsy, R. Bucholz.



HIGHLIGHTS

I. SEGMENTATION

Original Specific Aims

The overall aim of this proposal is to develop and to use a fully functional software environment of "smart" segmentation tools that will ultimately be used for computer assisted, image guided neurosurgery. The overall specific aims of the segmentation sub project of the NAC (as stated in the proposal) are: "In order to accomplish this goal we need to consolidate already available image processing software infrastructure with the high performance computational hardware and networking facilities, improve and optimize our operator controlled segmentation environment (OCS), develop existing signal intensity based segmentation (SIS), develop existing template driven segmentation algorithms (TDS), develop an objective methodology for validation of the algorithms." 

The work on segmentation is divided into three major efforts: (1) Operator Controlled Segmentation Tools, (2) Signal Intensity Based Segmentation Tools, and (3) Template Driven Segmentation tools. During the second year of funding of the NAC the segmentation sub project has proceeded essentially as planned in the proposal. In the following we detail these activities. Any deviation from the original plan is described 

1. Operator Controlled Segmentation Tools (OCS)

Port other components from volume editor from CM to work station: Most of the segmentation tools available in the CM volume editor is now available in our tool called the "slicer" which is a generic visualization tool for medial image data. The slicer is currently available for SUN workstations and PC's (both Linux and Windows)  [Gering99]. 

The Phantom: Last year the phantom was interfaced to one of our Sun Ultra sparc workstation. However, the evaluation during this year of added value using this haptic tool for interactive segmentation was not convincing enough to justify an continuation of this effort for operator controlled segmentation.  Therefore the work with the phantom is currently on hold. 

Introduce active contours to CM version of VE:  Due to the fast progress in computer technology the CM machine that ones was a super computer is with today standards an outdated computer.  For this reason no new implementations will be made for this machine. Our work on active contours is nevertheless continuing. During the last year several new  algorithmic advances have been made in this area [Lorigo00], [Leventon00], [Westin00b]. 

2. Signal Intensity Based Segmentation Tools (SIS)

Add mean fields to EM Segmenter: Parallel implementations of  the extended EM segmenter using mean field approximation of Markov random field is now available in our laboratory. 

Adaptive Filtering: Bone segmentation based on adaptive filtering has been implemented [Westin00a].  Our  work on  vessel segmentation using active contours has been extended and combined with approached from adaptive filtering [Lorigo00], [Westin00b]. 

3. Template Driven Segmentation Tools (TDS)

Parallel Elastic Warping: The implementation of fast elastic warping has been finalized. 

Template Moderated Segmentation:  We have further enhanced the speed of our elastic matching algorithm and evaluated the segmentation result on 20 new clinical cases [Warfield00a], [Warflied00b]. 

4. Validation and Validation Data Sets

Tumor segmentation and tumor data base:   10  more tumor cases were randomly collected for our validation data base (giving  a total of  20 cases) [Kaus00a]. 

Vessel  segmentation: 15 cases of phase contrast angiography data has been collected and used for evaluation of  vessel segmentation by active contours [Lorig00a]. 

Dissemination of Information

All the results published during the project (see section Papers) are available on our external web server (the papers in submission only available on our internal web server). 

Interaction with other cores

Interaction has been close with all cores. Registration algorithms continue to be used in the TDS effort, accelerated by HPC technologies. HPC is also used for other algorithmic segmentation approaches. in a way that can take advantage of our high performance compute facility (using threading, MPI, etc.). The atlas continues to be a critical component for all the tepmplate driven methods. All new algorithmic developments in segmentation are implemented. The 3D slicer, developed as part of the visualization effort, is the platform of choice for interactive segmentation approaches.

Thesis: 

Tina Kapur.  Model based three dimensional Medical Image Segmentation Ph.D. Thesis, MIT EECS Dept, 1999.

Liana M. Lorigo. Curve Evolution for Medical Image Segmentation Ph.D. Thesis, MIT EECS Dept, 2000.

Publications

1. Papers that have changed status since last time (in press/published):


[Guttmann99] Charles R.G. Guttmann, Ron Kikinis, Mark C. Anderson, Marianna Jakab, Simon K. Warfield, RJ Killiany, Howard L. Weiner, and Ferenc A. Jolesz. Quantitative Follow-up of Patients with Multiple Sclerosis using MRI: Reproducibility. JMRI, pages 509-518, 1999. 

[Guttmann00a] C.R.G. Guttmann, R. Benson, S.K. Warfield, X. Wei, M.C. Anderson, C. Hall, K. Abu-Hasaballah, J.P. Mugler, and L. Wolfson. White matter abnormalities in mobility-impaired older persons. Neurology, 54(6):1277-83, Mar 2000. 

[Guttmann00b]   CRG Guttmann, H. Weiner, S.K. Warfield, A. Guimond, R. Kikinis, and F.A. Jolesz. Discrimination of Relapsing and Progressive MS through MRI estimates of brain parenchymal fraction and lesion burden. In 52nd annual American Academy of Neurology meeting, April-May 2000. 

[Kaus00a] M.R. Kaus, S.K. Warfield, A. Nabavi, E. Chatzidakis, P. Black, F.A. Jolesz, R. Kikinis, Automated Segmentation of MRI of Brain Tumors: Meningiomas and Low Grade Gliomas, Radiology (in press) 

[Kaus99b] M.R. Kaus, S.K. Warfield, A. Nabavi, E. Chatzidakis, P.M. Black, F.A. Jolesz, and R. Kikinis. Segmentation of MRI of  meningiomas and low grade gliomas. In Chris Taylor and Alan Colchester, editors, MICCAI 99: Second International Conference on Medical Image Computing and Computer-Assisted Intervention, pages 1-10. Springer-Verlag, 1999. 

[Leventon00]  M. Leventon, O. Faugeras, W.E.L Grimson, W. Wells.  "Level Set Based Segmentation with Intensity and Curvature Priors". Mathematical Methods in Biomedical Image Analysis. (MMBIA), 2000. 

[Lorigo00b] L.M. Lorigo, O. Faugeras, W.E.L.Grimson, R. Keriven, R. Kikinis, A. Nabavi. C-F Westin. Codimension-Two Geodesic Active Contours for the Segmentation of Tubular Structures. IEEE Int conf on computer vision and pattern recognition, CVPR 2000. 

[Terrie99] Terrie E. Inder, Petra S. Huppi, Simon K. Warfield, Ron Kikinis, Gary P. Zientara, Patrick D. Barnes, Ferenc A. Jolesz, and Joseph J. Volpe. Periventricular White Matter Injury in the Premature Infant Is Followed by Reduced Cerebral Cortical Gray Matter Volume at Term. Ann. Neurol., 46(5):755-760, 1999. 

[Warfield99] S.K. Warfield, C.-F. Westin, C.R.G. Guttmann, M. Albert, F. A. Jolesz, and R. Kikinis, "Fractional Segmentation of White Matter". MICCAI99: Second International Conference on Medical Image Computing and Computer-Assisted Intervention, 1999. 

[Warfield00] Simon K. Warfield, Michael Kaus, Ferenc A. Jolesz, and Ron Kikinis. Adaptive, Template Moderated, Spatially Varying Statistical Classification. Medical Image Analysis, 2000. In press. 

[Westin00a] C.-F. Westin, J. Richolt, V. Moharir, and R. Kikinis, "Affine Adaptive Filtering of CT Data",  Medical Image Processing 2000. 

[Gering99]  D.T. Gering , A. Nabavi, R. Kikinis, W.E.L. Grimson, N. Hata, P. Everett, F.A. Jolesz and W.M. Wells. An Integrated visualization system for surgical planning and guidance using image fusion and interventional imaging. MICCAI99: Second International Conference on Medical Image Computing and Computer-Assisted Intervention, 1999. 

2. Submitted: 

[Guttmann99c] C.R.G Guttmann, R. Benson, S. Warfield, XC. Wei, M. Anderson, K. Abu-Hasaballah, J.P. Mugler III, and L. Wolfson, "White matter abnormalities in mobility-impaired older persons", submitted 1999. 

[Kaus00b]   Michael R. Kaus, Arya Nabavi, Charles T. Mamisch, William M. Wells, Ferenc A. Jolesz, Ron Kikinis, and Simon K. Warfield. Simulation of Corticospinal Tract Displacement in atients with Brain Tumors. Submitted to MICCAI 2000: Third International Conference on Medical Robotics, Imaging And Computer Assisted Surgery, page submitted. Springer Verlag, October 11-14 2000. 

[Lorigo00a] L.M. Lorigo, O. Faugeras, W.E.L.Grimson, R. Keriven, R. Kikinis, A. Nabavi. C-F Westin.  CURVES: Curve Evolution for Vessel Segmentation, submitted to Medical Image Analysis. 

[Warfield00b] Simon K. Warfield, Arya Nabavi, Torsten Butz, Kemal Tuncali, Stuart G. Silverman, Peter McL. Black, Ferenc A. Jolesz, and Ron Kikinis. Intraoperative Segmentation and Nonrigid Registration For Image Guided Therapy. Submitted to  MICCAI 2000: Third International Conference on Medical Robotics, Imaging And Computer Assisted Surgery,  Springer Verlag, October 11-14 2000. 

[Westin00b]  C-F Westin, L.M. Lorigo, O. Faugeras, W.E.L. Grimson, S. Dawson, A. Norbash, R. Kikinis. Segmentation by Adaptive Geodesic Active Contours. Submitted to MICCAI 2000: Third International Conference on Medical Robotics, Imaging And Computer Assisted Surgery, page submitted. Springer Verlag, October 11-14 2000. 

II. REGISTRATION

A. ORIGINAL SPECIFIC AIMS: 

"In the area of registration we will continue to develop clinically relevant registration methods and elastic matching algorithms. These algorithms are used both for image fusion, i.e. merging of multiple diagnostic imaging acquisitions of the same patient, and as part of template-driven segmentation algorithms that warp atlas data sets into the configuration of a patient's brain." 

B. SUMMARY OF YEAR 2

In summary, we have essentially met the plan laid out for year two. Two significant changes in direction have occured. The first is a shift away from the connection machine to clusters of SMP machines as our primary HPC facility. The second is accelerated development of simulations of tissue deformations based on the finite element method (FEM). This approach has been partly made feasible by use of our HPC facility. 

Additional detail appears in the breakdown below. 

C. ORIGINAL YEAR TWO SCHEDULE ITEMS with achievements: 

C.1. Initial work for on-line re-registration for MRT. 

Experiments in this area have been performed using a software environment which was developed as part of the NAC effort. This program, called 3D Slicer, has been used in augmented surgeries in the open magnet.

C.2. More investigation of piece-wise affine deformation model. 

See next paragraph.

C.3. Investigate piece-wise non-rigid deformation models: 

The piecewise affine and non-linear approach was motivated by concerns about the computational complexity of more capable simulation methodologies. This approach has been superceeded by our recent substantial progress in Finite Element based simulations of brain deformations aimed at neurosurgery. The FE approach has become feasible in part due to our activities in the HPC core.

C.4. Develop vector version of Dengler warper 

This aim has been accomplished.

C.5. Develop connection machine implementation of Dengler warper 

This approach has been abandoned because of our shift of emphasis away from the connection machine to clusters of high-performance SMP computers as our primary computational resource in the HPC core. A parallelized version of the Dengler algorithm exists and executes in less than a minute on one of our big computer systems. This has become the core of the template driven segmentation algorithms.

C.6. Perform manual non-rigid registrations of intraoperative MRI data 

An interface to the 3D slicer program was developed for manual selection of landmarks. The matched pairs can then be used to calculate deformation fields using the Dengler algorithm. Initial validation work has been initiated.

C.7. Develop program for interactive specification of surgical cuts occurring in intraoperative MRI data 

Samson Timoner, an MIT PhD student, has focussed his thesis topic on intra-operative simulation of brain deformation, and he has been investigating mechanisms for adapting FE meshes in the vicinity of tumors to accomodate the topological changes occuring in neurosurgery. This area will likely become a significant part of his thesis research.

D. INTERACTION WITH OTHER CORES 

We have continued our close collaboration with the segmentation core in the area of developing registration algorithms that are used in template-driven segmentation (TDS). We have continued worked closely with the visualization core in the integration of the MI registration system with the 3D Slicer. We have cooperated with the HPC effort in the development of aggressive implementations of some of our registration algorithms for parallel computers. Activities here have included aggressive HPC implementations of FE codes, as well as thread-level parallelization of our primary rigid registration code. 

E. SERVICE , TRAINING AND DISSEMINATION

The NAC's rigid regisration capabilities have been used in many surgical cases within BWH, and has also been used by the BWH's recently established center for the multiple-sclerosis imaging. This capability is also routinely used by our collaborators in schizophrenia research. 

Thesis: 

David Gering. A System for Surgical Planning and Guidance using Image Fusion and Interventional MRI. Master's thesis, MIT EECS Dept., 1999. 

F. PUBLICATIONS 

In the period from June 1 1999 to the present, the following papers have changes in their status. 

F.1 Published: 

D. Gering, A. Nabavi, R. Kikinis, W. Grimson, N. Hata, P. Everett, F. Jolesz, W. Wells. An Integrated Visualization System for Surgical Planning and Guidance using Image Fusion and Interventional Imaging. In: Proceedings of the second international conference on Medical Image Computing and Computer Assisted Intervention, October 1999, Cambridge, England. 

Nobuhiko Hata, Arya Nabavi, Simon Warfield, William Wells, Ron Kikinis, Ferenc A. Jolesz. A Volumetric Optical Flow Method for Measurement of Brain Deformation from Intraoperative Magnetic Resonance Images In: Proceedings of the second international conference on Medical Image Computing and Computer Assisted Intervention, October 1998, Cambridge, England. 

Matthieu Ferrant, Simon K. Warfield, Charles R.G. Guttmann, Robert V. Mulkern, Ferenc A. Jolesz, and Ron Kikinis. 3D Image Matching Using a Finite Element Based Elastic Deformation Model. In Chris Taylor and Alan Colchester, editors, MICCAI 99: Second International Conference on Medical Image Computing and Computer-Assisted Intervention, pages 202-209. Springer-Verlag, 1999. 

Terrie E. Inder, Petra S. Huppi, Simon K. Warfield, Ron Kikinis, Gary P. Zientara, Patrick D. Barnes, Ferenc A. Jolesz, and Joseph J. Volpe. Periventricular White Matter Injury in the Premature Infant Is Followed by Reduced Cerebral Cortical Gray Matter Volume at Term. Ann. Neurol., 46(5):755-760, 1999. 

M.R. Kaus, S.K. Warfield, A. Nabavi, E. Chatzidakis, P.M. Black, F.A. Jolesz, and R. Kikinis. Segmentation of MRI of meningiomas and low grade gliomas. In Chris Taylor and Alan Colchester, editors, MICCAI 99: Second International Conference on Medical Image Computing and Computer-Assisted Intervention, pages 1-10. Springer-Verlag, 1999. 

Charles R.G. Guttmann, Ron Kikinis, Mark C. Anderson, Marianna Jakab, Simon K. Warfield, RJ Killiany, Howard L. Weiner, and Ferenc A. Jolesz. Quantitative Follow-up of Patients with Multiple Sclerosis using MRI: Reproducibility. JMRI, pages 509-518, 1999. 

C.R.G. Guttmann, R. Benson, S.K. Warfield, X. Wei, M.C. Anderson, C. Hall, K. Abu-Hasaballah, J.P. Mugler L. Wolfson. White matter abnormalities in mobility-impaired older persons. Neurology, 54(6):1277-83, Mar 2000. 

CRG Guttmann, H. Weiner, S.K. Warfield, A. Guimond, R. Kikinis, and F.A. Jolesz. Discrimination of Relapsing and Progressive MS through MRI estimates of brain parenchymal fraction and lesion burden. In 52nd annual American Academy of Neurology meeting, April-May 2000. 

F.2. Accepted for Publication: 

A. Lakshmi-Ratan, W. Grimson, W. Wells. Object Detection and Localization by Dynamic Template Warping. International Journal of Computer Vision. 

N Hata, A Nabavi, S Warfield, W Wells, R Kikinis. Volumetric Optical Flow Method for Measurement of Brain Deformation from Intraoperative Magnetic Resonance Images. JCAT. 

ME Leventon, O Faugeras, WEL Grimson, W Wells. Level Set Based Segmentation with Intensity and Curvature Priors. In Proceedings of the IEEE Workshop on Mathematical Methods in Biomedical Image Analysis, 2000. To Appear. 

Michael Kaus, Simon K. Warfield, Arya Nabavi, Peter M Black, Ferenc Jolesz, and Ron Kikinis. Automated Segmentation of MRI of Brain Tumors. Radiology, 2000. Accepted to appear subject to satisfactory revision. 

Simon K. Warfield, Michael Kaus, Ferenc A. Jolesz, Ron Kikinis. 
Adaptive, Template Moderated, Spatially Varying Statistical Classification. Medical Image Analysis, 2000. In press. 

F.3. Bookchapters: 

A Nabavi, D Kacher, D Gering, RS Pergolizzi Jr, RB Schwartz, WM Wells, N Hata, R Kikinis, PMcL Black , FA Jolesz. 
Planning and visualization during neurosurgical procedures in the intraoperative MRI. 
In: Automedica Special Edition: Engineering Approaches to Neurological Surgery.  To appear. 

F.4. Abstracts: 

A Nabavi, D Gering, N Hata, W Wells, V Mehta, D Kacher, R Pergolizzi, E Chadtzidakis, E Alexander, P Stieg, R Kikinis, F Jolesz, and PM Black. Updated three-dimensional visualization during realtime image-guided surgery with the 3DSlicer. In Proceedings of the Congress of Neurological Surgeons, Boston, 1999. 

D Gering, A Nabavi, R Kikinis, W Wells, W Grimson, and F Jolesz. 
An Integrated Visualization System for Surgical Planning and Guidance. In Proceedings of annual meeting of the ISMRM, 2000. To Appear. 

A Nabavi, W Wells, R Schwartz, R Zimmermann, M Anderson, R Kikinis, F Jolesz, PM Black, and E Alexander. Image Fusion of SPECT and MR and 3D Visualisation for Surgical Planning. Poster presented at the Annual Meeting of American Association of Neurological Surgeons, San Francisco, 2000. Abstract reprinted in journal Neurosurgery, To Appear. 

A Nabavi, N Hata, D Gering, W Wells, R Pergolizzi, C Martin, D Kacher, E Chatzidakis, S Warfield, R Schwartz, E Alexander, P Stieg, R Kikinis, F Jolesz,  PM Black. Intraoperative ``Brain shift'' - an analysis of deformation pattern. In Proceedings of the Congress of Neurological Surgeons, Boston, 1999. 

A Nabavi, D Gering, N Hata, E Chatzidakis, W Wells, S Warfield, R Pergolizzi, C Martin, E Alexander, R Kikinis, F Jolesz, PM Black. Repeated Intraoperative Imaging in the Open Configurated MR for the Evaluation of Brain Shift. In Proceedings of the Annual Meeting of the German Society of Neurological Surgeons, 1999. Abstract, reprinted in journal Neurochirgie, 1999. 

CG Wible, J Pare-Blagoevand D Kacher, R Sperling, A Nabavi, E Chatzidakis, P Black, W Wells, F Jolesz, FP Stieg, R Kikinis, E Alexander, and RW McCarley. Presurgical mapping of language, motor and visual regions: initial experience and comparison to intra-operative stimulation. In Proceedings of the Human Brain Mapping Conference, Dusseldorf, 1999. 

A Nabavi, D Gering, M Ferrant, M Kaus, D Kacher, R Pergolizzi, V Mehta, W Wells, S Timoner, C Mamisch, M Das, S Bonitz, N Hata, S Warfield, C Westin, P Everett, P Stieg, R Kikinis, W Grimson, PM Black, and F Jolesz. Brain Shift in the intraoperative MRI. In Proceedings of annual meeting of the ISMRM, 2000. To Appear. 

Terrie E. Inder, Petra S. Huppi, Simon K. Warfield, Ron Kikinis, Gary P. Zientara, Patrick D. Barnes, Ferenc A. Jolesz, and Joseph J. Volpe. Periventricular White Matter Injury in the Premature Infant Is Associated with a Reduction in Cerebral Cortical Gray Matter Volume at Term. In Pediatric Research. The American Pediatric Society And The Society For Pediatric Research 1999. Abstracts., volume 45:4 (PART 2 OF 2), page 343A, April 1999. 

F.5. Submitted:

M. Ferrant, S.K. Warfield, A. Nabavi, B. Macq, R. Kikinis. Registration of 3D Intraoperative MR Images of the Brain Using a Finite Element Biomechanical Model. In M.D. Anthony M. DiGioia and Ph.D. Scott Delp, editors, MICCAI 2000: Third International Conference on Medical Robotics, Imaging And Computer Assisted Surgery, submitted. Springer Verlag, October 11-14 2000. 

Michael R. Kaus, Arya Nabavi, Charles T. Mamisch, William M. Wells, Ferenc A. Jolesz, Ron Kikinis,  Simon K. Warfield. Simulation of Corticospinal Tract Displacement in Patients with Brain Tumors. In M.D. Anthony M. DiGioia and Ph.D. Scott Delp, editors, MICCAI 2000: Third International Conference on Medical Robotics, Imaging And Computer Assisted Surgery, submitted. Springer Verlag, October 11-14 2000. 

Sperling RA, Guttmann CRG, Hohol MJ, Warfield SK, Jakab M, Parente M, Diamond EL, Daffner KD, Olek MJ, Orav EJ, Kikinis R, Jolesz FA, Weiner HL. Regional MRI lesion burden and cognitive function in MS: A longitudinal study. Archives of Neurology, page submitted, 2000. 

Simon K. Warfield, Arya Nabavi, Torsten Butz, Kemal Tuncali, Stuart G. Silverman, Peter McL. Black, Ferenc A. Jolesz, Ron Kikinis. Intraoperative Segmentation and Nonrigid Registration For Image Guided Therapy. In M.D. Anthony M. DiGioia and Ph.D. Scott Delp, editors, MICCAI 2000: Third International Conference on Medical Robotics, Imaging And Computer Assisted Surgery, submitted. Springer Verlag, October 11-14 2000. 
III Visualization

Mike: use the structure of the registration section as a template. Add papers such as Dave and polinas. I had a Siggraph course, Bill had both siggraph and Vis courses, Does Bill have anything else?

During the reporting period, we have improved our tools for medical visualization, improved documentation of the system, restructured it to support additional open standards, and disseminated it to collaborators in the research community at large. A growing community of software developers are adapting their algorithms so that they can be used in our main visualization program, 3D Slicer. In addition, 3D Slicer is being used to control robotic devices and MRI scanners. For our visualization notebook project, we have installed an web-based application server will function as the core of the project.

Dissemination of information

As part of our teaching and dissemination process, we have improved our network infrastructure to allow more secure and convenient exchange of programs and data. In addition, we have added a feature to our web site that permits a research community to collaboratively author and edit documents. This system, called docboard, is useful for both documentation and as an integral piece of our visualization notebook projects.

ABSTRACT:

For the reporting period, we first proposed to continue the development of web-based visualization notebooks, an interactive network-based system for assembling multi-modality medical data accessible through a single user interface. 

We have established more of the infrastructure to support the visualization notebook system. A dedicated computer is configured and running that provides web services for our notebook project and for our teaching and dissemination resource component. This server includes the computer itself, an open source web server (Apache), an open source application server (Zope), a secure FTP server (ncFTP), and a developer source distribution system (CVS). The machine is the hub of much of the information infrastructure of the NAC. 

On top of the web server platform, we have installed an application called "docboard," a collaborative documentation tool. Docboard as it exists today is part of our education and dissemination effort to document aspects of the NAC's hardware and software system. However, it also has characteristics of visualization notebooks: hypertext linking, interactive editing, display of multi-media data, identity-based security and access control. As such, docboard is a first prototype for the visualization notebook. 

In the medical visualization realm, we proposed to develop visualization tools that are network protocol-aware, as well as investigating if haptic or three-dimensional display devices could be used to enhance the usability of visualization tools and techniques. 

Our visualization application efforts have been concentrated on the 3D Slicer, a research software program and software framework for displaying complex tomographic and geometric medical data. 3D Slicer has been enhanced to support an open-standards based medical data description language called MRML2 using the Extensible Markup Language, XML (see below). In addition, documentation and dissemination of the 3D Slicer has been enhanced. 

We are actively developing MRML as a communication and exchange mechanism for visualization tools. We are currently rewriting a Java3D-based model viewer to read MRML files. We are also adapting non-interactive data processing programs to read and write MRML. Since MRML can also be sent from machine to machine instead of using files as storage, it provides a mechanism to make our software network aware. 

As we noted at the last reporting period, we have frozen development of the use of our haptic input device for visualization due to fact that manufacturer no longer provides software or support for our hardware platform. We will continue to investigate other opportunities as they arise. 

IV. Interactive Digital Anatomy Atlas

Peter: reorganize according to the headers in the registration section

The goal for year two was to continue to add to the number of structures in the atlas. 

Since June 1999 we have added the following new structures: right rostral anterior cingulate nucleus, right caudate nucleus, right amygdala, right hippocampus, right temporal horn, basal forebrain, right caudal anterior cingulate nucleus, right posterior cingulate nucleus, left and right entorhinal cortex, left and right banks of superior temporal sulcus. Also, we have added alternate boundaries to several other structures. This work took place in the context of our goal to make the atlas useful for the research of specific pathologies, in particular Alzheimer's disease. 

We have prepared customized views of the 3D model of the periventricular structures and nuclei, of relevance in epilepsia research. 

We will continue this line of work, thus making the atlas more user-friendly for researchers in various specific pathologies who prefer more specialized views to the standard ones. 

We have started the implementation of teaching notes linked to the labeled structures. A new button now makes a pop-up window appear containing explanatory and descriptive text related to the respective structure. 

We continued the development of the Java3D version of the atlas, which will provide real three-dimensional view of the brain, as opposed to the pre-rendered views. 

Dissemination:

Since the last report of June 1999 we have distributed the Atlas to 21 more sites (8 domestic and 13 foreign). 

Interaction with other cores:

References:

V HIGH PERFORMANCE COMPUTING

Specific Aims 

The aim of this sub-proposal is twofold: 

- to develop HPC implementations of proven segmentation, registration and visualization techniques; 

- to develop new image acquisition, segmentation, registration and visualization capabilities using HPC as an enabling technology. 

The high performance computing (HPC) facility at the Surgical Planning Laboratory of Brigham and Women's Hospital consists of three Sun Enterprise servers with a total of 32 CPU's running at 250 MHz and linked into a "SMP look-alike" by a proprietary "Wildfire" interconnect. The system has a total of 9 GB of memory and contains two fast arrays of hard disk with a total of 256Gb of storage capacity. The major users listed have used this facility to develop and utilize high performance computing (HPC) applications. We have reached a point where the system is overused. 

We have begun building a "lower-end" cluster based on 4 CPU SMPs that will allow us to move jobs that run well in an environment with higher-latency under a distributed memory model. However, a significant portion of our algorithms requires high-bandwidth, low latency for optimal performance.

This facility will be used in the NAC to drive rapid and/or interactive analysis of large image based data-sets. 

GOALS FOR YEAR 2: 

1.Interactive Volume Visualization on a cluster of SMPs 

We will implement a scalable volume renderer on a cluster of SMPs. We will integrate haptic rendering with the PHANToM (a 3D pointing device), to allow force-feedback to be used in conjunction with visualizations and data analysis. 

2. Surface Rendering on a Cluster 

Earlier development by other groups has implemented parallel triangle rendering libraries. One such project is the PGL (Parallel Graphics Library), which has been implemented on the IBM SP platform. We will port the implementation to a cluster of workstations. We will implement parallel marching cubes and parallel triangle smoothing and parallel decimation algorithms. This will enable high quality, high triangle count, interactive visualizations. 

WHAT WE ACTUALLY DID: 

We ported PGL to a cluster of workstations as an initial experiment with parallel triangle rendering. Our experience lead us to the conclusion that a robust visualization environment needs more than simply parallel triangle rendering. Since PGL has not been actively developed, we turned instead to the Visualization Toolkit (VTK) which has an active user community, has freely redistributable source code, and supports visualization and image processing in the same environment. We have worked on building an integrated visualization and analysis system based on VTK. We have worked on parallel implementations of key bottlenecks inside the VTK framework. 

We have experimented with parallel triangle generation with VTK and several parallel image processing steps. These are now available to clinical  collaborators of the NAC/HPC facility and are in routine use. 

We have incorporated a nonrigid registration algorithm based upon a biomechanical model solved with a finite element discretization into an analysis framework built upon VTK. We have implemented a tetrahedral mesh generation algorithm. 

Parallel tissue classification and registration work has been applied to the study of white matter and gray matter in premature infants. Inder et al 1999. 

Parallel tissue classification and registration work has been applied to the study of white matter abnormalities in mobility-impaired elderly people as part of an ongoing collaboration with the Wolfson, Benson and others at University of Connecticut. Guttmann et al. Neurology 2000. 

JUSTIFICATION OF THE DIFFERENCES BETWEEN WHAT WE SAID WE WOULD DO AND 
WHAT WE DID: 

HALLE, KIKINIS to address: The PHANToM manufacturer was unable to meet the original promise of the device and hence we concentrated on a conventional user interface to our  segmentation, registration and visualization tools. 

ROBATINO to address: PROGRESS ON WORKSTATION VOLUME RENDERER. Significant advances in parallel volume rendering have been made by other groups (for example, the San Diego Supercomputer Center developed MPIRE and Kitware and Mitsubishi Electric have developed VolumePro). Rather than duplicate these efforts we focused upon providing complementary features and tools and integrating them into our 3D Slicer visualization  environment. 

In particular, we developed a new fast and robust parallel nonrigid registration algorithm and integrated a tool for the visualization of intraoperative deformations with the Visualization ToolKit environment. 

Our publications show that we have generated substantial new research in a range of areas in line with the specific aims of this sub-project but which were not originally proposed. 

INTERACTIONS WITH OTHER CORES: 

The HPC activity has been essential to the successful development and clinical application of several new SEGMENTATION technologies. Papers resulting from this activity are listed below. 

The HPC activity has been essential to the successful development and clinical application of several new 
REGISTRATION technologies. Papers resulting from this activity are listed below. 

The HPC activity has been a key enabling technology for the VISUALIZATION aspects of understanding large deformations associated with intraoperative brain shift. Papers resulting from this activity are listed below. 

The HPC activity has relied upon the developments of new ANATOMICAL ATLASES as models for compute intensive template moderated classification (a key segmentation technology). 

Service:

Simon needs to put in two to three paragraphs

PAPERS THAT HAVE CHANGED STATUS SINCE LAST REPORT 

Matthieu Ferrant, Simon K. Warfield, Charles R.G. Guttmann, Robert V. Mulkern, Ferenc A. Jolesz, and Ron Kikinis. 3D Image Matching Using a Finite Element Based Elastic Deformation Model. In Chris Taylor and Alan Colchester, editors, MICCAI 99: Second International Conference on Medical Image Computing and Computer-Assisted Intervention, pages 202-209. Springer-Verlag, 1999. 

Charles R.G. Guttmann, Ron Kikinis, Mark C. Anderson, Marianna Jakab, Simon K. Warfield, RJ Killiany, Howard L. Weiner, and Ferenc A. Jolesz. Quantitative Follow-up of Patients with Multiple Sclerosis using MRI: Reproducibility. JMRI, pages 509-518, 1999. 

C.R.G. Guttmann, R. Benson, S.K. Warfield, X. Wei, M.C. Anderson, C. Hall, K. Abu-Hasaballah, J.P. Mugler, and L. Wolfson. White matter abnormalities in mobility-impaired older persons. Neurology, 54(6):1277-83, Mar 2000. 

CRG Guttmann, H. Weiner, S.K. Warfield, A. Guimond, R. Kikinis, and F.A. Jolesz. Discrimination of Relapsing and Progressive MS through MRI estimates of brain parenchymal fraction and lesion burden. In 52nd annual American Academy of Neurology meeting, April-May 2000. 

Terrie E. Inder, Petra S. Huppi, Simon K. Warfield, Ron Kikinis, Gary P. Zientara, Patrick D. Barnes, Ferenc A. Jolesz, and Joseph J. Volpe. Periventricular White Matter Injury in the Premature Infant Is Associated with a Reduction in Cerebral Cortical Gray Matter Volume at Term. In Pediatric Research. The American Pediatric Society And The Society For Pediatric Research 1999 Abstracts., volume 45:4 (PART 2 OF 2), page 343A, April 1999. 

Terrie E. Inder, Petra S. Huppi, Simon K. Warfield, Ron Kikinis, Gary P. Zientara, Patrick D. Barnes, Ferenc A. Jolesz, and Joseph J. Volpe. Periventricular White Matter Injury in the Premature Infant Is Followed by Reduced Cerebral Cortical Gray Matter Volume at Term. Ann. Neurol., 46(5):755-760, 1999. 

M.R. Kaus, S.K. Warfield, A. Nabavi, E. Chatzidakis, P.M. Black, F.A. Jolesz, and R. Kikinis. Segmentation of MRI of meningiomas and low grade gliomas. In Chris Taylor and Alan Colchester, editors, MICCAI 99: Second International Conference on Medical Image Computing and Computer-Assisted Intervention, pages 1-10. Springer-Verlag, 1999. 

Michael Kaus, Simon K. Warfield, Arya Nabavi, Peter M Black, Ferenc Jolesz, and Ron Kikinis. Automated Segmentation of MRI of Brain Tumors. Radiology, 2000. Accepted to appear subject to satisfactory revision. 

Simon K. Warfield, Michael Kaus, Ferenc A. Jolesz, and Ron Kikinis. Adaptive, Template Moderated, Spatially Varying Statistical Classification. Medical Image Analysis, 2000. In press.   

Submitted papers: 

M. Ferrant, S.K. Warfield, A. Nabavi, B. Macq, and R. Kikinis. Registration of 3D Intraoperative MR Images of the Brain Using a Finite Element Biomechanical Model. In M.D. Anthony M. DiGioia and Ph.D. Scott Delp, editors, MICCAI 2000: Third International Conference on Medical Robotics, Imaging And Computer Assisted Surgery, page submitted. Springer Verlag, October 11-14 2000. 

Michael R. Kaus, Arya Nabavi, Charles T. Mamisch, William M. Wells, Ferenc A. Jolesz, Ron Kikinis, and Simon K. Warfield. Simulation of Corticospinal Tract Displacement in Patients with Brain Tumors. In M.D. Anthony M. DiGioia and Ph.D. Scott Delp, editors, MICCAI 2000: Third International Conference on Medical Robotics, Imaging And Computer Assisted Surgery, page submitted. Springer Verlag, October 11-14 2000. 

Sperling RA, Guttmann CRG, Hohol MJ, Warfield SK, Jakab M, Parente M, Diamond EL, Daffner KD, Olek MJ, Orav EJ, Kikinis R, Jolesz FA, and Weiner HL. Regional MRI lesion burden and cognitive function in MS: A longitudinal study. Archives of Neurology, page submitted, 2000. 

Simon K. Warfield, Arya Nabavi, Torsten Butz, Kemal Tuncali, Stuart G. Silverman, Peter McL. Black, Ferenc A. Jolesz, and Ron Kikinis. Intraoperative Segmentation and Nonrigid Registration For Image Guided Therapy. In M.D. Anthony M. DiGioia and Ph.D. Scott Delp, editors, MICCAI 2000: Third International Conference on Medical Robotics, Imaging And Computer Assisted Surgery, page submitted. Springer Verlag, October 11-14 2000. 

VI. SERVICE, TRAINING, AND DISSEMINATION

1. Service projects

The NAC has begun to provide service to the scientific community, and to clinical activities, by making the core technologies available. Services include existing primary collaborative projects and other projects that already utilize some of the resources of the NAC and new investigations within the hospital and the neuroscience community around us. The main Collaborative Projects are the primary beneficiaries of the Resource and they have close scientific interaction with our Investigators. In other service projects the role of the Center is limited and represents no significant scientific involvement by the Investigators of the Center. Nevertheless, we will provide some limited resources and full access to the technology for these projects. Besides computational and software support and consultation, education and training in using the equipment and software were also provided. The main Collaborative Projects represent ongoing research with a long history of scientific and/or clinical interaction between the Investigators. Since the initiation of the NAC funding, The collaborative projects have continued to provide major application problems to drive technology development. At the same time, the cores have continued to develop and provide novel technology as a service to the collaborator projects. This is evidenced by the fact that the majority of the publications that were produced during the reported period, were authored jointly with members of the different collaborator projects. 

In addition to the intense work with the core collaborators, we have continued to provide access to our atlas data sets to outside groups upon request. We have also begun to provide test data sets with reference segmentations for normal brains and data sets with manual segmentations. Our visualization platform (called slicer) has become stable enough, the we are providing it to selected collaborator groups. We intend to make it available through our website.

The major collaborations efforts with the DOD funded Cimit (center for innovative minimally invasive therapy) and the NSF funded ERC (Engineering Research Center) titled: Computer integrated surgical systems and technologies (CISST) has continued and strengthend. Several projects have significant mutual benefit and are contributing to the development of a common technology base.

The 3D Slicer, for example, is also used as a

2. Training

During the update period, we have been fortunate to train 91 new researchers and professionals in software used or developed by the NAC.

The breakdown is as follows:


 Medical
Engineering 
Postgraduate
30
29
Undergraduate
25
7
3. Dissemination 

The influence of our training, collaboration, and dissemination of data is an essential measure of the success of the Neuroimage Analysis Center.  During the second year of the NAC, we have continued our successful and comprehensive process of dissemination, collaboration, and training. 

Mike talk about the WEBSITE work here
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ABSTRACT: The overall aim of this proposal is to develop and to use a fully functional software environment of "smart" segmentation tools that will ultimately be used for computer assisted, image guided neurosurgery. The overall specific aims of the segmentation sub-project of the NAC (as stated in the proposal) are: "In order to accomplish this goal we need to consolidate already available image processing software infrastructure with the high performance computational hardware and networking facilities, improve and optimize our operator controlled segmentation environment (OCS), develop existing signal intensity based segmentation (SIS), develop existing template driven segmentation algorithms (TDS), develop an objective methodology for validation of the algorithms." 

During the first eight months of funding of the NAC the segmentation sub-project has proceeded essentially as planned in the proposal. Cut plane has been added to our existing Connection Machine (CM) volume editor. We have decided to not continue adding more features to the CM, but instead focus our efforts on migrating the volume editor to our high performance compute cluster.   Preliminary results from extending the EM segmenter using a Markov random field approach have been obtained. We also developed the Fractional Segmentation method.   Bone segmentation based on adaptive filtering has been implemented and work on enhanced vessel segmentation has been initiated.  The implementation of fast threaded linear registration has been finalized.  Progress in elastic matching is ahead of schedule. We have enhanced the speed of our elastic matching algorithm was planned for year 2 of the project. Progress has been made in application and validation of TDS to the quantification of brain white matter abnormalities.
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ABSTRACT: The overall specific aims of the registration sub-project of the NAC (as stated in the proposal) are: "In the area of registration we will continue to develop clinically relevant registration methods and elastic matching algorithms. These algorithms are used both for image fusion, i.e. merging of multiple diagnostic imaging acquisitions of the same patient, and as part of template-driven segmentation algorithms that warp atlas data sets into the configuration of a patient's brain."

During the first eight months of funding of the NAC the registration sub-project has proceeded essentially as planned in the proposal. In order to obtain a faster implementation of MI-based registration we are shifting our focus to parallelizing the EMMA algorithm. The "3D Slicer" program is an integrated interactive environment that is designed to allow the manipulation and display of a collection of 3D models as well as a collection of scan data. Our main MI registration implementation has been modified to work as a subsystem of the Slicer, which now serves as the user interface.
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ABSTRACT:  We proposed to develop a web-based visualization notebook system that pulls together multi-modality raw and processed patient data into a single user interface. This system requires both server and client components, as well has both hardware and software. 

1. We are in the process of bringing online a web server computer (processor, disk drives, and networking) that will centralize access to visualization data.

2. We have compiled and configured web server software (Apache, an open-source package) to run on this machine.

3. We have compiled and configured a search engine that indexes our current web server to provide more convenient access to data. We expect to move this server to the new web server once it becomes active.

4. We have developed a web-aware program launcher, jdemo, as a prototype framework for our visualization client software. Jdemo organizes information in an easily navigated hierarchy. Elements of this hierarchy can represent programs, data, or multimedia documents. This program serves several purposes, including organizing our visualization programs, associating programs with documentation, and providing a testbed for web-based user interfaces. Jdemo is written in the portable programming language Java; it runs on workstations, PC's, and Apple Macintosh computers.

We have continued to develop visualization tools based on the freely-available open source toolkit vtk, as proposed.

1. Several researchers have developed modules for performing specific visualization tasks. To date, about four of these modules have been contributed back to the maintainers of vtk, making them available to the greater medical and scientific community.

2. Early work has begun in porting the vtk environment to the Apple Macintosh computer. This port will widen the ability of medical professionals to access our visualization tools.

3. The 3DSlicer, our flagship medical visiualization environment, continues to be developed. A paper on 3DSlicer has been submitted (see references).
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ABSTRACT: In our proposal we have stated that will continue developing our existing anatomical atlas, derived from MRI, CT, and other data modalities, for educational purposes.  We have added new set of labeled structures based on clinical criteria, which we will integrate into the user interface of the browser. 

We have performed elastic registration of three acquisitions from the same normal volunteer subject and integrated the data sets into a mosaic or composite data set. this data set combines and displays the information from the initial acquisition (3D SPGR), a second data set which completes the external features of the head of the subject (his nose) and a third data set focusing on the blood supply of the brain (3D phase enhanced MR angiogram) 

As an important academic resource, the SPL Anatomy Browser has been licensed to 18 new locations (11 to the US and Canada and 7 to other countries) since September 1998.
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ABSTRACT: The High Performance Computing facility at the Surgical Planning Laboratory is a computational resource that provides support, training and raw compute power to clinical applications and research in medical image analysis. HPC is an important enabling technology, allowing existing applications to run faster and on larger data sets than would otherwise be possible. It is an important tool for technology transfer and dissemination of applications that require supercomputing-level performance. HPC allows us to develop algorithms and programs now that require the computational power of computers still to be developed (or that are too expensive for routine use). HPC in medical image analysis is a core research area for which the medical domain knowledge and HPC expertise is brought together in the SPL.

The HPC core has been instrumental in the development of several new applications. We have improved our ability to carry out automated segmentation of scans of brain tumor patients for surgical planning and image-guided surgery. We developed and then assessed the accuracy and reproducibility of an automated method or the segmentation. We have recently developed a new nonlinear registration algorithm that allows biomechanically accurate simulation and modeling. We developed a fast parallel linear registration algorithm particularly suited to the problem of inter-patient registration. A novel image segmentation algorithm was developed to allow the automatic segmentation of both normal and abnormal anatomy.
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ADVISORY COMMITTEE REPORT

The advisory committee has not met together during the report period; therefore it has issued no report. In both our grant proposal and again in the site visit, the advisory committee's role was explicitly outlined as one of individual consultation with the center's investigators.  We have met or communicated with the majority of the members of the advisory committee during the report period.

Advisory Committee

Glover, G.

Pizer, S.

Hoehne, K.H.

Bajcsy, R.

Bucholz, R.

ALLOCATION OF RESOURCES

Resource allocation is done as a collaborative process between the PI's, the other investigators in the center, the advisory committee, and other outside collaborative process.

Please see the above section, "Advisory Committee Report", for more information about the task of the advisory committee.



DISSEMINATION OF INFORMATION

We have continued to publish peer-reviewed articles, reviews and have regularly participated in and presented our results at national and international conferences. We continue to have a substantial presence in the field of neuroimaging and computerized image analysis. Specifically, the NAC is disseminating its scientific knowledge using different venues: We have continued to publish articles in peer-reviewed journals and publications, and to present the most recent work at scientific meetings (see list of publications). We maintain an extensive World Wide Web (WWW) site on the Internet to make available: a description of research activities, technical reports, software and a radiological teaching archive. Since the beginning of the funding period, the PI was the organizer of a national teaching course about MRI and CT. The co-PI was the general co-chair of an international meeting to that topic (MICCAI). Papers, technical reports and software are distributed over the www. Our website has been maintained and constantly updated. In parallel, work has begun about 6 months ago, to completely redesign and overhaul the website. The new website will have a specific reference to the NAC grant and will be structured more clearly than the old site. The new site will have a password-protected way to access nonpublic information. It is planned to switch over in about 2-3 months and to maintain the old website in its state at the time of the switch. 



TRAINING

Since grant submission 09/1997 we have updated our trainee list.

The number of new trainees during the reported period is 64.

SUGGESTIONS AND CRITICISMS

The guidelines for this update should be revised to support newer and more explanatory report methods, including formatted text and web pages.
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