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HUMAN BRAIN MAPPING SATELLITE MEETING:
Clinical and Methodological Issues in Paediatric Neuroimaging

Date: June 14th 9:00-5:00
Location: Alan Gilbert Building, University of Melbourne, 161 Barry St – Carlton
Organisation committee:

Dr Miriam Beauchamp

Prof Vicki Anderson

Dr Michael Ditchfield

Theme:  The past decade has seen exciting advances in neuroimaging techniques to assess the structure and function of the brain both in healthy developing humans and those affected by disease or dysfunction.  While such methods initially existed purely within the experimental domain, many are now widely used in clinical contexts and, in some cases, can now be employed to replace other more invasive diagnostic approaches.

As is traditionally the case, advances in child practice have lagged behind those in adults.  Further, using neuroimaging in children and adolescents brings to light methodological issues and practical concerns that are specific to the young child and the structure and function of the developing brain. These concerns will be addressed in a series of presentations by local and international researchers in the field of paediatric neuroimaging.  A range of neuroimaging methods and approaches to analysis will be discussed including computerized axial tomography (CT), magnetic resonance imaging (MRI: T1, T2, FLAIR), functional MRI (fMRI), angiography, magnetic resonance spectroscopy (MRS), diffusion-weighted imaging, volumetrics and manual segmentation, perfusion imaging, electroencephalography (EEG), and near-infrared spectroscopy (NIRS).  In addition, clinical issues relating specifically to the use of these techniques in children will be considered with reference to conditions including childhood stroke, prematurity and epilepsy.
Program
8.30 - 9:00
  
Registration
9:00 - 9:45

Brigitte Vollmer
9:45 - 10:30

Regula Everts
10.30 - 11:00

Morning tea
11:00 - 11:45

Simon Warfield
11:45 -12:30

Amanda Wood
12:30 - 1:30

Lunch
1:30 - 2:30

Marko Wilke (keynote)
2:30 - 3:00

Deanne Thompson

3:00 - 3:30

Afternoon tea
3:30- 4:15

Anne Gallagher

4:15 - 5:00

Michael Ditchfield

Presentation abstracts and presenter biosketchs
Speaker:  Dr Marko Wilke (keynote address)
Title: From “imaging children” towards “developmental neuroscience”:  The why’s and how’s.

Abstract:  Much can be learned from investigating the developing brain, and several exciting  questions can only be answered by understanding what underlies the special qualities of a child's brain. However, Children are not small adults, and this also has to be taken into account when acquiring and processing pediatric imaging data. While brain size has reached almost adult values by the age of 6 years, brain shape and tissue composition continue to change dramatically. It is important to realize and account for these differences lest a systematic bias be introduced into the results. This is especially true when using reference data which typically is based on an adult reference population, as for example within the SPM software suite. Moreover, imaging children requires an individualized approach to subject preparation. I will cover previous and current approaches to addressing some of these issues.
Biosketch:

Affiliation: Department of Pediatric Neurology and Developmental Medicine, University Children's Hospital, and Section of Experimental MR of the CNS, Radiological Clinic, Tuebingen, Germany
Marko Wilke is an MD by training, with a clinical background in pediatrics and pediatric neurology. He also received intensive training in neuroimaging, using advanced magnetic resonance imaging approaches like DTI, fMRI, and MRS, as well as voxel-based morphology methods.  Specific interests include neural plasticity following early brain injury as well as the assessment of crucial processing and analysis steps of pediatric imaging data.

Speaker:  Professor Simon Warfield
Title:  Image Analysis Algorithms for Pediatric Brain MRI

Abstract:  In the last trimester before birth, the developing human brain undergoes tremendous changes as it grows. Premature birth during this period is associated with an increased risk of adverse outcomes, with up to 50% of very low birth weight infants going on to develop cognitive and motor deficits.

The analysis of magnetic resonance images has a crucial role to play in
characterizing normal brain development, and in understanding the impact of early brain injury upon the path of later brain maturation. However, there are a number of unique challenges in quantitatively assessing early brain MRI due to the limited contrast between different types of tissue, the rapid progression of brain maturation, and the logistical challenges of imaging newborn infants. Particular challenges include overcoming the effects of image acquisition artifacts, imaging system noise, and patient-specific normal and pathological variability.

Advances in image acquisition and medical image computing algorithms now enable sophisticated characterization of early brain development. We will present recent work in developing and evaluating image analysis algorithms to improve our capacity to characterize early brain maturation and early brain injury and to assess potential therapeutic interventions.

Biosketch:
Affiliation: Associate Professor of Radiology, Harvard Medical School
Director, Computational Radiology Laboratory, Department of Radiology, Children’s Hospital, Boston MA USA  http://www.crl.med.harvard.edu

Dr. Warfield is Associate Professor of Radiology at Harvard Medical School, and the Director of the Computational Radiology Laboratory (CRL) in the Department of Radiology at Children’s Hospital.  His research interests in the field of medical image computing have focused on the development of innovative algorithms to address the
requirements of clinical care and translational research in medicine.  This has included the development of segmentation algorithms suitable for quantitative assessment of very early brain development (in subjects aged 0-2 years) utilizing advanced brain atlasing and pattern recognition approaches.
Speaker:  Dr Brigitte Vollmer

Title:  Neurodevelopmental outcome after preterm birth – Relationships between brain structure and function

Abstract:  In the past decades survival rates of preterm infants have increased steadily. However, long term morbidity rates remain high. A high proportion of infants born <32 weeks of gestation develop neurological and neurodevelopmental impairments. These impairments are thought to be consequences of hypoxic-ischaemic/inflammatory and/or haemorrhagic injury to the brain at an early stage of development. For major impairments such as cerebral palsy, severe impairment of visual function, epilepsy, and/or global cognitive delay, the location and extent of lesions as indicated by visual assessment of conventional structural magnetic resonance imaging (MRI), can be related to functional outcome. A large proportion of those preterms who survive without major impairments will have specific cognitive deficits, learning and/or behavioural difficulties, often combined with minor neurological signs. In these children conventional structural MRI often does not show obvious lesions. It is possible that subtle direct lesions or abnormalities in neuronal development secondary to injury form the neuropathological substrates of these “minor” impairments, and that these brain abnormalities are too subtle to be detected on conventional MRI. Recent advances in MR image acquisition and image analysis techniques now provide much greater sensitivity in the detection of subtle abnormalities of both the grey and white matter, and thus provide promising tools for investigation of subtle changes in brain structure in children born preterm that may nevertheless cause neurodevelopmental impairments. In this talk, I will address both investigation of associations between abnormalities in brain structure and the major impairments, and the application of recently developed MRI acquisition and image analysis techniques for investigation of possible structural correlates of minor impairments.
Biosketch:

Brigitte Vollmer trained as a Paediatric Neurologist at the Children´s Hospital at the University of Tuebingen, Germany. Subsequently, she moved to the Institute of Child Health/Great Ormond Street Hospital in London, UK, to receive specialist training in Neonatal Neurology and follow-up of infants born at risk. Her PhD studies focused on neuroimaging investigations of brain structure –function relationships in preterm infants. After having been awarded a Marie-Curie Fellowship she moved to the Karolinska Institute, Stockholm, Sweden, where she now works as a Senior Research Fellow. The focus of her research is on investigation of the development of the immature brain after early acquired lesions; in particular, to investigate the relationship of these lesions with long term neurological and neurodevelopmental function in different groups of children who were born at high risk and/or had suffered adverse events in the peri/neonatal period that could result in brain damage of different degree.

Speaker:  Dr Regula Everts

Title:  Reorganization of left- and right-hemispheric functions after stroke in childhood

Abstract:  The child’s brain shows a remarkable flexibility to recover from adverse events such as stroke. In particular language functions are known to recover well, while visuo-spatial skills are more affected from brain damage, independent of the hemispheric side of lesion. A shift of language functions to the undamaged hemisphere is thought to be responsible for the good language and poor visuo-spatial outcome after brain damage. Controversially, there are studies suggesting that local reorganization of language within the injured hemisphere can occur. In order to make statements about mechanisms of reorganization, it is necessary to determine the trajectory of healthy development of cognitive functions throughout childhood. In this talk, the newest literature of the development of left- and right-hemisphere functions (such as language and visual search) in children and adolescents will be summarized. Then, theories about functional reorganization of language and visual search will be discussed in the context of paediatric stroke. By combining neuroimaging results from healthy children with data from children following stroke, this talk will offer an insight into mechanisms of plasticity in the child’s brain.
Biosketch:

Affiliation
Post-doctoral Research Fellow, Child Neuropsychology, Murdoch Children’s Research Institute (MCRI), Melbourne
Regula Everts received her PhD in psychology from the University of Bern, Switzerland. Her research focus is the healthy development of cognitive functions and functional reorganization after brain injury in childhood. She has studied cognitive outcome after childhood stroke and conducted functional imaging in healthy children and children following stroke. Upon completing her PhD, she has worked as a clinical neuropsychologist and research assistant at the Epilepsy Centre in Freiburg (Germany). She was awarded a scholarship from the Swiss National Science Foundation to complete a post-doctoral research year in child neuropsychology at the Murdoch Children’s Research Institute in Melbourne, where she is currently situated.
Speaker:  A/Prof Michael Ditchfield 

Title:  Hypoxia, Ischaemia and Stroke in Children and Neonates

Abstract:  Hypoxia, ischaemia and stroke are common in children being in the top 10 causes of death and potentially having a high morbidity.  Most strokes are arterial, however venous sinus thrombosis and venous strokes are probably more common than previously appreciated especially in the neonatal period.  In children with these conditions imaging plays a very important role in making the diagnosis, excluding haemorrhage (if anticoagulation is being considered), in determining the aetiology and the likely prognosis. Conventional imaging techniques such as ultrasound, computed tomography (CT) and conventional MRI sequences (T1, T2, FLAIR, DWI) are very important in this regard.  A number of newer MRI techniques have been the focus of considerable research and are becoming very useful clinically. These include MR (& CT) Angiography, T2* Imaging, MR Spectroscopy, Anisotropy and Perfusion Imaging and these will be discussed in detail.  The neonatal brain is different in composition and response to hypoxia and ischaemia compared to older children and adults. It contains more water, is incompletely myelinated, biochemically is different and on imaging responds more slowly acutely but then lesions evolve more rapidly than in older children. Studying this group is made more challenging by the difficulty in obtaining normative data.  The various imaging techniques used in the management of hypoxia, ischaemia and stroke will be outlined with a focus on MRI, newer techniques and the neonatal brain.

Biosketch:
Affiliations: Assoc Professor Michael Ditchfield, MBBS, MD, FRANZCR

Children’s MRI Centre, The Royal Children’s Hospital, Murdoch Childrens Research Institute
Associate Prof M. Ditchfield has been a paediatric radiologist with an interest in MRI for 14years and has been the Head of MRI at the combined clinical and research facility at RCH for 5 years. He is widely published and has been an invited speaker both nationally and internationally.

Speaker:  Dr Anne Gallagher
Title:  Localization of epileptic activity and language in children using EEG and Near-Infrared Spectroscopy

Abstract:  Near-infrared spectroscopy (NIRS) is a novel non-invasive imaging technique of potential value in the pre-surgical investigation of patients with refractory epilepsy. NIRS has been used to investigate language lateralization in epileptic patients, including children showing good concordance with other techniques (Wada Test, functional magnetic resonance - fMRI). Moreover, NIRS studies with epileptic populations have shown an increase of regional cerebral blood volume (rCBV), total heamoglobin (HbT), and of oxy-heamoglobin (HbO) lateralized on the side of seizure onset during complex partial seizures. Thus this technique also seems to have the potential to localize the epileptogenic zone in epileptic patients. Because NIRS is non-invasive, portable and more resistant to movement than other imaging techniques, such as fMRI or magnetoencephalography (MEG), it is of great value in paediatric populations. The objective of this course is to provide a theoretical and technical overview of this relatively new technique, and also to present NIRS as a new alternative for the presurgical investigation of epileptic. In the first part of the presentation (Lassonde), a new method that allows localizing epileptogenic zone in children using simultaneous recording of EEG-NIRS will be presented. The second part of the presentation (Gallagher) will describe how NIRS can be used in paediatric populations in order to investigate the lateralization of expressive and receptive language areas. Benefits and limits of the use of NIRS in paediatric populations will also be addressed. The course will therefore provide an overview of studies using NIRS to investigate the young epileptic brain.

Biosketch:

Dr. Anne Gallagher has conducted her doctoral research using NIRS and EEG in epileptic children at the University of Montreal. Together with Professor Maryse Lassonde, she has published the first studies of both receptive and expressive language functions in epileptic children. She has received several scholarships (Fonds de la Recherche en Santé du Québec, Canadian Institutes for Health Research, Natural Sciences and Engineering Research Council of Canada, Canadian Federation of University Women). She now holds a position as a Fellow in Neurology at the Massachusetts General Hospital of the Harvard Medical School, working with infants and children with Tuberous Sclerosis Complex and epilepsy.

Ms. Deanne Thompson

Title:
Challenges in understanding neonatal brain development using structural and diffusion MR imaging

Abstract:  MR image processing in neonates presents different challenges to those used for investigating adult neurological dysfunction. Apart from the obvious smaller size of neonate brain structures at this early stage of development, myelination has only just begun and is a long way from completion. Therefore, tissue contrasts differ within the MR images. Consequently, many of the automated image processing packages and atlases widely used for adult brain analyses are not appropriate for neonatal images. I will describe some of the methods I have implemented to better understand the brain abnormalities underlying adverse neurodevelopmental outcomes in preterm infants. Available imaging software tailored to determine brain tissue volumes within the neonate will be investigated. Also, the challenges in characterising and measuring brain structures within the neonate such as the hippocampus will be investigated. Finally, the considerations required for adapting adult diffusion image processing tools to neonates will be presented, including white matter fibre tracking.

Biosketch:
Affiliations: Howard Florey Institute, Florey Neuroscience Institutes, Melbourne.

Centre for Neuroscience, University of Melbourne.

St Louis Children's Hospital, Washington University in St Louis, USA.

Royal Children's and Royal Women's Hospitals, Melbourne.

Murdoch Childrens Research Institute, Melbourne.

Deanne Thompson is a PhD student within the Centre for Neuroscience at the University of Melbourne, supervised by Assoc Prof Gary Egan, Prof Lex Doyle and Assoc Prof Terrie Inder. Deanne completed her BSc in 2000 and worked at the Howard Florey Institute as a research Assistant in the field of neonatal neuroimaging from 2003. After completing her honours thesis in 2005 on the ‘Impact of Preterm Birth on Hippocampal Structure Utilizing Volumetric MRI’, she took up a position as Senior Research Assistant at Washington University in St Louis. As well as her experience in structural MR imaging, Deanne is currently studying diffusion tensor imaging as part of her PhD: 'Understanding neurodevelopment in preterm infants utilizing diffusion tensor MRI'. Still early in her career, Deanne has co-authored 7 publications, and presented at a number of national and international conferences.

Dr Amanda Wood

Title:  
Designing functional imaging paradigms for paediatric research.

Abstract:
Functional MRI has become a useful tool to examine aspects of cognition in vivo. Paradigms to assess these functions in children require careful consideration of task demands and the developmental status of the child. This is particularly evident in the clinical environment, where fMRI has been proposed as a replacement of invasive diagnostic tools. In this paper, a review of studies examining the neural basis of typical cognitive development will be presented. The utility of these paradigms will then be discussed in relation to clinical applications in children. Particular emphasis will be placed on the design of language fMRI tasks for use in children with different levels of ability. 

Biosketch:
Amanda Wood, PhD is Senior Research Fellow in the Department of Medicine, Southern Clinical School, Monash University and holds an honorary appointment at Murdoch Children’s Research Institute. She trained as a clinical neuropsychologist following a PhD in structural and functional MRI studies of language and memory prior to epilepsy surgery. Her current research includes functional MRI in populations including children who stutter, children with post-traumatic symptoms following traumatic brain injury and examining long-term outcome in children exposed to drugs in utero. 

