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Vice-Provost’s Report

Building World-Class Research 
Infrastructure

Monash’s Technology Research 
Platforms are critical to the success 
of the Monash research agenda. 
The platforms attract and retain top 
researchers, they encourage cross-
disciplinary research collaborations, 
and support technology transfer 
by attracting industry research 
partners. After a series of major 
strategic investments into research 
infrastructure during the past decade, 
Monash is now recognised as a 
world leader in Technology Research 
Platforms. The Monash platforms are 
integrated into the broader Monash 
precinct, accessible by the Victorian 
research community, and are 
strategically positioned in national and 
international networks. The platforms 
have created and strengthened 
connections between the faculties, 
across research disciplines, with 
industry and government, and 
importantly have enabled Monash 
researchers to pursue ambitious, 
high-impact scientific challenges and 
opportunities.

A key to the success of the Monash 
platforms has always been the identification 
and understanding of stakeholder needs, 
in order to communicate a compelling 
value proposition to users of the research 
infrastructure. Over the past year there has 
been a strong focus on data governance 
policies and systems for access to securely 
stored research data, the implementation 
and maintenance of quality systems, and 
improvement of the management and 
reporting systems. These improvements 
in partnership with academic researchers, 
government and non-government 
organisations have made it possible 
to successfully attract new funding 

opportunities for research infrastructure and 
expertise. 

During 2019 Monash Biomedical Imaging 
staff continued to make significant 
contributions towards fulfilling the 
University’s research mission and vision. In 
recognition of their achievements, in early 
2019 MBI staff were awarded the Monash 
Technology Research Platform (MTRP) 
‘Award for Excellence in 2018’. I was 
delighted to present the award at the MTRP 
retreat, held in Malaysia, to the MBI General 
Manager Dr Lisa Hutton, who has made 
many outstanding contributions both to MBI 
and to the broader platform community. 
MBI staff also received overwhelmingly 
positive feedback in the annual MTRP 
survey of researcher users of the Monash 
platform technologies and services. 

The new preclinical imaging facilities at 
the Alfred Research Alliance – Monash 
Biomedical Imaging (ARA-MBI) node 
are now fully operational and attracting 
widespread interest from research users 
at Monash and from across Melbourne. 
The Magnetic Particle Imaging scanner 
funded by an Australian Research Council 
Large Equipment grant in 2018 has been 
procured and will be installed and made 
operational at the Alfred site during the 
coming year. These new developments, 
together with continued growth in the 
provision of research imaging services and 
expertise to both Monash researchers and 
external users, continues to demonstrate 
the value and importance of the MBI 
research facilities and platform staff.

The Victorian Biomedical Imaging Capability 
(VBIC) was established by Monash in 
2010 and is now the peak body for the 
biomedical research imaging community in 
Victoria. Pleasingly, Monash continues to 
take a leadership role in VBIC both for the 
Melbourne imaging research community 
and for dialogue with the Victorian State 
Government. At the national level, Monash 
University has been a partner in the 
National Imaging Facility (NIF) since it was 
established with funding from the National 
Collaborative Research Infrastructure 
Scheme (NCRIS) in 2007. NIF is now 
the peak imaging research infrastructure 
network across Australia. The contribution 
of the ARA-MBI preclinical imaging facilities 
to the national research infrastructure 
during 2019 has placed Monash in the 

forefront as the host of the largest and most 
comprehensive range of imaging research 
infrastructure nationally.

Once again, I would like to sincerely thank 
Ms Sue Renkin who has served as Chair 
of the MBI Advisory Board since 2011. The 
MBI Advisory Board was disestablished 
during 2019 in anticipation of the formation 
of a new advisory group for the Monash 
technology research precinct. I want 
to sincerely thank the current and past 
members of the MBI Advisory Board 
for their support and commitment over 
the past decade. The Board’s work has 
ensured that MBI, together with the 
Australian Synchrotron Imaging and Medical 
Beamline, is internationally regarded as 
Australia’s pre-eminent biomedical imaging 
research precinct. 

Finally, my thanks to the MBI Director, 
Professor Gary Egan for his outstanding 
leadership and to all MBI staff for their 
excellent and dedicated work throughout 
the year. I look forward to seeing the 
research outcomes and their contribution 
to advancing knowledge in biomedicine 
and creating future healthcare innovations. 
Translation of scientific discoveries to 
innovative and transformative approaches in 
the healthcare sector, and in collaboration 
with industry, is particularly important during 
the significant healthcare challenges that 
we are experiencing during the COVID-19 
pandemic.

Vice-Provost’s Report

Professor Ian Smith
Vice-Provost 

(Research and Research Infrastructure)

A key to the success of the 
Monash platforms has always 
been the identification and 
understanding of stakeholder 
needs, in order to communicate 
a compelling value proposition 
to users of the research 
infrastructure.
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Director’s Report

Since opening in 2012 the mission 
of Monash Biomedical Imaging has 
been to provide outstanding research 
imaging facilities and services for 
researchers at Monash University 
and the wider Australian biomedical 
imaging research community. 2019 
was the busiest year to date for the 
platform with MBI staff recognised 
with a number of awards and 
significant achievements. MBI was 
awarded the Monash Technology 
Research Platform (MTRP) ‘Award for 
Excellence in 2018’ awarded in early 
2019, in recognition of the excellence 
of the biomedical imaging research 
support and facilities. The award was 
presented at the MTRP retreat held 
in Malaysia in May and was accepted 
by MBI General Manager, Dr Lisa 
Hutton. Later in the year MBI staff 
were additionally pleased to receive 
overwhelmingly positive feedback in 
the MTRP survey of researcher users 
who access the platform technologies 
and services.

MBI staff and associated researchers 
received a number of awards in recognition 
of their research achievements. Dr Sharna 
Jamadar and Dr Phil Ward were awarded 
NHMRC 2020 Investigator Grants for their 
neuroimaging research studying healthy 
ageing. Their research focuses on the 
application of innovative neuroimaging 
technologies to understand the neural 
bases of cognitive function in health and 
disease. The research projects utilise 
simultaneous MRI-PET techniques to 
identify the earliest signs of decline in 
ageing and age-related neurodegenerative 
diseases. Dr Ward was also awarded the 
Jenny Redman Early Career Researcher 
Publication Prize for Psychological 
Sciences, Monash University. Dr David 
Wright, Principal MR Scientist at the 
Monash Department of Neuroscience 
at the Alfred Hospital was also awarded 
an NHMRC 2020 Investigator Grant. Dr 
Wright is conducting his research using the 
9.4 T MR preclinical scanner at the Alfred 
Research Alliance - Monash Biomedical 
Imaging facility at the Alfred Hospital.

Monash University, in partnership with RMIT 
University, received a major equipment 
grant from the Australian Research Council 
to install Victoria’s first Magnetic Particle 
Imaging (MPI) scanner at the ARA-MBI 
facility. Workshops were held during the 
year to inform researchers from across 
Melbourne about the MPI technology and 
discuss research opportunities the new 
scanner will offer in preclinical models 
of cardiovascular, cancer, neuroscience 
and cell-tracking research. A system 
was procured from Magnetic Insights for 
installation in early 2020.

A Precision Radiopharmaceuticals and Molecular Imaging thought leader 
summit was held jointly by MBI and the Australian Nuclear Science 
and Technology Organisation (ANSTO) and hosted at the Australian 
Synchrotron in 2019. The summit was held to discuss the emerging trends 
in radiochemistry and radiopharmaceutical development, and whether 
Australia has the capability to meet the national needs. 

Lisa Hutton for her management of the 
day-to-day operations of the MBI facilities 
throughout 2019 and for her outstanding 
contributions to MBI as General Manager 
since 2011. Lisa was appointed as 
Research Manager in the Faculty of 
Information Technology at the end of 2019. 
It was an emotional farewell for Lisa with all 
of her colleagues at MBI wishing her well in 
her new role. 

The MBI teams include the Management 
and Administration, Clinical Research 
Imaging, Imaging Methods & Analysis, 
and the Preclinical Imaging teams at 
Clayton and a new team at the Alfred 
campus. Throughout the past year the 
Management and Administration team has 
been instrumental in maintaining ISO9001 
compliance for MBI through the Monash 
Platform Quality Management System 
(PQMS). Thank you to Janelle Redding, 
Louise Mitchell and Nichola Thompson in 
particular for their dedicated work. Clinical 
researchers requiring advanced imaging 
technologies benefit from support for the 
MRI, MR-PET, EEG and TMS facilities 
provided by Parisa Zakavi and Christina Van 
Heer. My thanks to Parisa and Christina for 
ensuring the sophisticated technologies 
are always operational and for providing 
comprehensive training for users of the 
technologies. 

In closing I would like to once again thank 
all MBI staff for their invaluable contributions 
throughout 2019 and for their continued 
commitment to excellence in supporting 
imaging research at Monash.

Professor Gary Egan
Director MBI and ARC Centre of Excellence 
for Integrative Brain Function; Distinguished 
Professorial Fellow, School of Psychological 
Sciences.

A Precision Radiopharmaceuticals 
and Molecular Imaging thought leader 
summit was held jointly by MBI and the 
Australian Nuclear Science and Technology 
Organisation (ANSTO) and hosted at the 
Australian Synchrotron in 2019. The summit 
was held to discuss the emerging trends 
in radiochemistry and radiopharmaceutical 
development, and whether Australia 
has the capability to meet the national 
needs. The summit was attended by more 
than 30 experts from radiochemistry, 
radiopharmaceuticals, molecular imaging 
and nuclear science disciplines with 
representatives from most of Australia’s 
leading universities, hospital and research 
institutes. To enhance clinical and 
preclinical molecular imaging research a 
Radiochemistry team has been established 
at MBI, headed by Dr Brett Paterson. The 
team is responsible for the radioisotope 
research and radiotracer labelling necessary 
for the preclinical molecular imaging 
research.

Year 10 students from Emerald Secondary 
College and John Monash Science School 
experienced clinical imaging research first-
hand during their tours of MBI in mid 2019. 
The students were given a presentation on 
medical imaging and learnt about career 
options in brain imaging before touring our 
clinical facilities. I do hope the students 
were inspired to consider pursuing a career 
in medical imaging and biomedical imaging 
research.

BrainPark is a world-first neuroscience 
research clinic dedicated to improving 
the physical, mental and brain health 
of Australians co-located at MBI in 
Clayton. The BrainPark team develops 
novel digital assessment tools and 
innovative lifestyle and technology-
based therapies, chosen for their strong 
therapeutic potential and scalability. 
These include therapeutic virtual reality, 
non-invasive brain stimulation, physical 
exercise, meditation and yoga, and 
cognitive training. Co-location of BrainPark 
with MBI’s facilities enables seamless 
integration of brain science and imaging 
to determine how these interventions 
change the brain, and for whom they are 
most effective. Studies use neuroimaging 
tools pre- and post-intervention to ensure 
that advances in understanding of brain 
function and human behaviour are 
translated into effective tools for creating 
healthy habits, brains and lifestyles. The 
Neural Systems and Behaviour Lab (NSB) 
is a research group within the Turner 
Institute for Brain and Mental Health and 
located at MBI. NSB’s research focuses 
on using brain imaging and other cognitive 

neuroscience tools to understand human 
brain structure and function in health 
and disease. The Monash Neuroscience 
of Consciousness (MoNoC) research 
laboratory, also located at MBI, uses 
MBI’s EEG facilities to investigate the neural 
basis of consciousness and the relationship 
between consciousness and intelligent 
functions. MoNoC’s research focuses on 
research into consciousness itself and into 
intelligent functions.

The Alfred Research Alliance – Monash 
Biomedical Imaging Preclinical Imaging 
team was established in 2018 with the 
appointment of Dr David Wright as MRI 
Principal Scientist. In mid 2019, Dr Robert 
Brkljaca was appointed as Facility Manager 
and Support Scientist whilst Dr Bianca 
Jupp was appointed as the PET-CT 
Support Scientist in late 2019. Dr Brkljaca 
and Dr Jupp now have responsibility for co-
ordinating the preclinical imaging research 
conducted at the ARA-MBI site. 

Monash University founded the Victorian 
Biomedical Imaging Capability (VBIC) 
which is now the peak body for the 
biomedical research imaging community 
in Victoria. Current VBIC members include 
Monash University, The Florey Institute 
of Neuroscience and Mental Health, 
the University of Melbourne, Swinburne 
University, and the Olivia Newton John 
Cancer Wellness and Research Centre. 

The National Imaging Facility (NIF) was 
established in 2007 with funding from 
the National Collaborative Research 
Infrastructure Scheme (NCRIS) and is now 
the peak imaging research infrastructure 
network across Australia. Monash 
University was one of the seven original 
nodes of the Facility and with the recent 
contribution of the ARA-MBI preclinical 
imaging facilities to NIF, is now one of 
the largest and most comprehensively- 
resourced nodes of NIF.

I would like to thank Professor Ian Smith 
for his continued inspiring leadership of the 
Monash Technology Research Platforms 
and for his guidance and advice during 
2019. I would also like to thank Ms Sue 
Renkin, Chair of the MBI Advisory Board, 
and all Advisory Board members for their 
contributions to the governance of MBI 
since its inception in 2011. The Advisory 
Board was disestablished during 2019 in 
anticipation of the formation of an advisory 
group that will provide oversight for the 
Monash research precinct in which MBI is 
located. 

My sincere thanks to all staff at MBI for 
their dedicated and excellent work during 
2019. I would particularly like to thank Dr 

Director’s Report

4 5



Parkville site (Monash Institute of 
Pharmaceutical Sciences)

• FLECT-CT small animal imaging system

BrainPark

BrainPark houses the following equipment 
at MBI in Clayton: 

• Gym

• Spin (cycle) room

• Exercise physiology

• Virtual reality studio 

• Meditation/Yoga studio

• Meditation garden 

• Brain training pods and clinical 
assessment rooms

Governance

Since 2011, MBI has been governed by 
an Advisory Board with an independent 
chairperson. The Board was disestablished 
in mid-2019 following meeting its purpose 
and objectives. The Board provided the 
following functions during the first half of 
2019:

• Assisted the Director with strategic 
planning including advice in alignment 
with government policy on research 
infrastructure and industry trends;

• Monitored the utilisation of MBI facilities;

• Helped define appropriate metrics (key 
performance indicators) for the platform;

• Provided representation for 
stakeholders; and

• Made further recommendations on 
strategies for the further development of 
MBI facilities and operations.

Snapshot
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Facilities

MBI’s main site is located in Clayton 
(adjacent to the Australian Synchrotron), 
providing a full suite of multimodal and 
simultaneous imaging equipment alongside 
human testing facilities to support various 
fields of preclinical and clinical research. 
MBI also offers preclinical imaging facilities 
at two additional nodes – one in Prahran 
(in collaboration with the Central Clinical 
School) at the Alfred Research Alliance 
(named ARA-MBI); and the other in Parkville 
at the Monash Institute of Pharmaceutical 
Sciences. 

In 2019, there was a continued strong use 
of the established facilities at MBI with the 
Siemens Skyra 3T MRI being the most 
heavily utilised, averaging in excess of 100 
hours per month. Likewise, an increase in 
activity levels was seen across the other 
clinical facilities: transcranial magnetic 
stimulation (TMS), electroencephalography 
(EEG) and oculomotor testing. 

Preclinical imaging projects increased in 
2019 accounting for 70% of new projects 
and 57% of total projects. In 2019, utilisation 
of the equipment at the newly established 
ARA-MBI site experienced a steady 
increased in utilisation, particularly the 
Bruker 9.4T MRI scanner. Planning for the 
introduction of the Magnetic Particle Imaging 
facility at ARA-MBI continued in 2019 with 
the instrument being purchased late in the 
year via an ARC LIEF grant. 

In addition to state-of-the-art biomedical 
imaging facilities, MBI is home to BrainPark 
- a world-first neuroscience research clinic 
dedicated to creating better outcomes for 
people with compulsive behaviours; from 
unhealthy habits through to addictions and 
obsessive-compulsive disorder. Led by 
Prof Murat Yucel and launched in 2018, 
BrainPark has facilitated developmental 
work in the areas of exercise physiology, 
meditation, yoga, and more recently virtual 
reality and cognitive training. 

BrainPark is a joint venture between 
the Turner Institute for Brain and Mental 
Health and MBI, made possible by the 
philanthropic support of the David Winston 
Turner Endowment Fund and the Wilson 
Foundation. MBI’s co-location with 
BrainPark enables a seamless integration 
of neuroimaging with psychological and 
cognitive sciences. 

We look forward to further expansion of 
MBI’s capabilities, particularly in molecular 
imaging, with the planned expansion of 
radiochemistry facilities at the Clayton site 
via NCRIS funding.

Human Imaging Facilities

Human research studies can be performed 
with the following MBI human imaging and 
testing facilities at our main site in Clayton:

• 3T Magnetic Resonance Imaging (MRI)

• Simultaneous MR-PET

• Electroencephalography (EEG)

• Oculomotor/eye tracking

• Transcranial magnetic stimulation (TMS)

• Neurocognitive testing and interview 
rooms 

Preclinical Imaging Facilities

Preclinical research can be undertaken 
using the following equipment:

Clayton site (Monash Biomedical 
Imaging)

• 9.4T MRI small animal scanner

• 3T MRI large animal scanner

• Simultaneous MR-PET scanner

• PET-SPECT-CT small animal scanner

• Vevo 2100 Ultrasound

• MRI guided focused ultrasound

• Cardiovascular profiling

• CT large animal and human scanner

Prahran site (Alfred Research Alliance - 
Monash Biomedical Imaging)

• Magnetic Particle Imaging system (to be 
operational in 2020)

• 9.4T small animal imaging system

• PET-CT small animal imaging system

MBI Advisory Board

Chair

Ms Sue Renkin 
Director, Intuitively Focused; Distinguished 
Alumnus, Monash University

Deputy Chair

Professor Ian Smith 
Vice-Provost (Research and Research 
Infrastructure), Monash University

Members

Professor Paul Bonnington 
Director, Monash e-Research Centre

Professor John Carroll
Dean, Biomedical & Psychological Sciences; 
Director, Monash Biomedicine Discovery 
Institute; Head, School of Biomedical Sciences, 
Monash University

Professor Ross Coppel 
Deputy Dean (Research), Faculty of Medicine, 
Nursing and Health Sciences, Monash University

Professor Gary Egan 
Director, Monash Biomedical Imaging, ARC 
Centre of Excellence for Integrative Brain 
Function, Monash University

Dr Lisa Hutton
Centre Manager, Monash Biomedical Imaging

Dr Michael James
Head of Science, Australian Synchrotron

Dr Keith McLean 
Director, CSIRO Manufacturing, CSIRO

Dr Gareth Moorhead
Research Program Leader, Materials Science and 
Engineering, CSIRO

Professor Andrew Peele 
Director, Australian Synchrotron

Professor Stephen Stuckey 
Director Diagnostic Imaging, Monash Health 
(formerly Southern Health)

Professor Murat Yücel 
Director BrainPark, Turner Institute for Brain and 
Mental Health

Overview
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MBI and ARA-MBI Personnel

Director

Professor Gary 
Egan
Director, MBI and 
CIBF; Distinguished 
Professorial 
Fellow, School 
of Psychological 
Sciences.

Professor 
Michael Farrell
Associate Director, 
MBI (Academic)

Management and Administration

Dr Lisa Hutton 
General Manager, MBI

Ms Louise 
Mitchell 
Clinical Imaging 
Coordinator

Ms Janelle 
Redding
Administrative Officer

Ms Alex Wulff
Receptionist

Ms Louisa Detez
Administrative Officer

Associate Director

Preclinical Imaging (Clayton)

Dr Michael de 
Veer
Head of Preclinical 
Imaging

Dr Ekaterina 
Salimova
Research Fellow

Dr Gang Zheng
MRI Physicist

Ms Tara 
Sepehrizadeh
MR Imaging Scientist

Preclinical (ARA-MBI)

Dr Robert 
Brkljaca 
ARA-MBI Facilty 
Manager and Imaging 
Support Scientist

Dr Bianca Jupp
ARA-MBI Lead PET/CT 
Scientist
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Ms Nichola 
Thompson 
Resources Coordinator

Ms Merrin 
Morrison
Communications 
Officer

MBI and ARA-MBI Personnel

Imaging Analysis

Dr Kamlesh 
Pawar
Research Fellow

Dr Shenpeng Li
Research Fellow

Dr Shenjun 
Zhong 
Research Fellow

Dr Tom Close
Imaging Informatics 
Officer

 Anjan Bhattarai
 PhD student

 Viswanath Pamulakanty  
 Sudarshan
 PhD student

 Andrii Pozaruk
 Visiting PhD student

 Mykhailo Hasiuk
 Visiting PhD student
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Dr Zhaolin Chen 
Head of Imaging 
Analysis

Clinical Research Imaging

Mr Richard 
McIntyre
Clinical Head 
and Supervising 
Radiographer

Ms Alexandra 
Carey
Supervising Nuclear 
Medicine Technologist

 Ms Arlene Hobson
 MRI Radiographer, Monash Health and MBI

 Ms Patricia Heidmann
 MRI Radiographer, Monash Health and MBI

 Ms Fiona Gould
 MRI Radiographer, Monash Health and MBI

 Mr Van Vu
 MRI Radiographer, Monash Health and MBI

 Mr Cuong Tran
 MRI Radiographer, Monash Health and MBI

 Ms Keira Pham
 MRI Radiographer, Monash Health and MBI

 Ms Jing Ning
 MRI Radiographer, Monash Health and MBI

 Ms Helen Kyprianou
 Nuclear Medicine Technologist

 Ms Lauren Hudswell
 Nuclear Medicine Technologist

Clinical Research Support

Ms Parisa Zakavi
Technical Assistant

Ms Christina Van 
Heer
Technical Assistant



Preclinical Imaging (Clayton)

Figure 1: Analogue 
modelling box setup 
in CT scanner.

12

MBI & ARA-MBI Highlights

During 2019 the MBI Preclinical 
Imaging team continued to increase 
utilization and added a number of 
new advanced preclinical imaging 
capabilities. In collaboration with 
CSIRO researchers a MR-guided 
Focused Ultrasound (FUS) system was 
installed at MBI and made available 
to all MBI platform users. The FUS 
system integrates with the small 
animal 9.4T MRI scanner and allows 
the precise focus of an ultrasound 
pulse into a sub millimeter region of 
tissue in vivo. The system will be an 
invaluable new tool for researchers 
undertaking research in rodent 
models of brain cancer, as well as 
other neuroscience research projects, 
to open the blood brain barrier in 
investigations of cellular and large 
molecule therapeutics.

The radiochemistry capabilities and 
facilities at MBI were significantly improved 
during 2019. The platform has expanded 
capabilities to provide radiochemistry 
research services to the molecular imaging 
community. Dr Brett Paterson from the 
School of Chemistry at Monash University 
and his group labelled a number of new 
molecules with radioisotopes including 
68Ga, 64Cu and 99mTc to label new 
molecules for researchers to use in PET and 
SPECT imaging studies using the Inveon-
PET SPECT-CT under the supervision of 
NIF Facility Fellow Tara Sepehrizadeh.

The large bore CT scanner (Siemens 
Somatom) was heavily used during 2019. 
A/Prof Alistair Evans from the School of 
Biological Sciences together with Dr Justin 
Adams from the School of Biomedical 
Sciences scanned an entire baby pygmy 
southern right whale that washed up 
on a Gippsland beach in 2019. A study 
by Professor Sandy Cruden and Megan 
Withers from Monash University’s School of 
Earth, Atmosphere and Environment used 
the CT scanner to detect small changes 
in the density of sand in order to track 
development of fault lines in geological 
models that help predict and model 
earthquakes.  

Professor John Bertram at Monash 
University and Professor Kevin Bennett 
from Washington University, St Louis 
received a NHMRC grant to use the Bruker 

9.4 Tesla MRI in co-operation with NIF 
Fellow Dr Gang Zheng to count individual 
kidney glomeruli, as an alternative to 
kidney biopsy. An international study by 
Professor Raphael Serduc and Laura Eiling 
in the European Synchrotron Radiation 
Facility from Grenoble, France, measured 
the response of brain tumours using the 
9.4T MR scanner to determine the efficacy 
of Synchrotron microbeam radiation 
therapy administered at the Imaging and 
Medical Beamline (IMBL) at the Australian 
Synchrotron. 

The Vevo2100 (FUJIFILM/VisualSonics) 
ultrasound showed dramatic increase 
in utilization hours in 2019, under 
the operation of expert small animal 
sonographer Dr Ekaterina Salimova. 
Monash University researchers have 
performed a number of complex 
cardiovascular imaging and analysis 
studies, including a study by Professor 
Karla Hutt and Meaghan Griffiths from the 
Monash Biomedicine Discovery Institute. 
The study involved the use of ultrasound 
to measure blood flow in the small artery 
adjacent to the mouse uterus to understand 
the mechanisms in the reduction in fertility 
following cancer therapy. An innovative 
ultrasound study led by Dr Simon Corrie 
and Julia Walker from the Department 
of Chemical Engineering has developed 
ultrasound responsive nanosensors for 
measurement of acidic changes in diseased 
tissues.

Project Summaries

Imaging reward pathways in obesity

Alex Reichenbach, Michael de Veer, Tara 
Sepehrizadeh and Zane Andrews.

Why can we always eat an extra piece 
of chocolate cake even if we’re not 
hungry? Treats make us happy, but the 
disconnect between appetite and hunger 
also contributes to obesity. This project 
investigated the brain mechanism that 
communicates food reward to satiate 
appetite and diminish hunger. Obese 
individuals show increased activation in 
the reward centres of the brain and fasting 
increases the desire to eat in obese more 
than lean humans. An energy deficit 
resulting from fasting or caloric restriction 
is known to increase the motivational value 

of food via AgRP neurons. The intracellular 
mechanisms through which AgRP neurons 
sense metabolic information, affect the 
mesolimbic dopamine system, and 
influence the motivation for caloric and non-
caloric rewards, are unknown. 

In collaboration with Monash Biomedical 
Imaging dopamine signalling in response to 
food rewards was measured using PET/CT 
and MRI to quantify the levels of dopamine 
uptake in sub-cortical regions of the mouse 
brain. This discovery science study opened 

a new research avenue as it suggested that 
humans are motivated to over-eat due to 
an inability to sense appropriate metabolic 
information. The study may provide 
tractable targets to limit the motivation for 
high calorie foods and helps to explain why 
people over-eat and what can be done to 
prevent obesity. 

Figure 2: Striatal uptake of 
18-F-DOPA in a murine brain 
to measure activation of the 
dopaminergic reward system in 
live mice.
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Preclinical Imaging (Clayton)

Investigating the impact of cancer 
therapy on the uterus and female 
fertility

Meaghan Griffiths, Sarah Marshall, Allison Care, Amy 
Winship and Karla Hutt

Infertility after treatment with chemotherapy 
or radiation is a major concern facing young 
female cancer survivors. Understanding 
how cancer therapies impact on the female 
reproductive tract is needed to improve 
fertility outcomes after therapies.

Many anti-cancer agents damage the ovary, 
and so young women are given the option 
to freeze their eggs or fertilised embryos 
before commencing treatment. However, 
recent work using a mouse model showed 
that radiotherapy directly damages the 
uterus. Young female mice were exposed 
to radiotherapy and then received embryo 
transfers from healthy donor mice. 
Ultrasound used to measure pulsatility 
and resistance indices identified that 
uterine artery blood flow was comparable 
during early pregnancy in unexposed and 
irradiated mice, even though radiotherapy 
caused pregnancy loss. However, further 
investigation revealed that the innermost 
layer of the uterine artery, the endothelium, 
was dysfunctional following radiotherapy. 
Pregnancy loss seen in irradiated mice may 
be caused by disruptions to blood vessel 
remodelling which is critical for maintaining 
pregnancy whereby the foetus receives 
sufficient oxygen and nutrients. 

The project findings are important to inform 
female cancer patients that freezing eggs 
or embryos may not mitigate against future 
infertility. The study demonstrates that 
the uterus sustains direct and permanent 
damage following radiotherapy, which 
traditional Doppler ultrasound techniques 
cannot necessarily detect.  

 

Brain tumor treatment by synchrotron 
microbeam radiation therapy

Laura Eling, Gang Zheng, Hong Wang, Michael de 
Veer and Raphael Serduc

Radiation therapy (RT) is the use of ionizing 
radiation to treat cancer and some other 
types of benign lesions like blood vessel 
malformations. Along with surgery and 
chemotherapy, radiotherapy is one of 
the most effective methods for cancer 
treatment. At least 70% of all cancer 
patients will receive radiotherapy at some 
stage during the course of their illness. 
The main challenge of radiotherapy is to 
deposit a therapeutic radiation quantity in 
the tumour without exceeding the nearby 
healthy tissue tolerance. Patients are 
irradiated according to standard protocols 
that have only been minimally improved 
over the past few decades.

For more than 20 years, a novel form of 
radiosurgery has been developed, known 
as Microbeam Radiation Therapy (MRT), in 
which X-rays generated by a synchrotron 
light source are collimated into wafers of 
parallel microbeams a few tens of microns 
wide and separated by a few hundred 
microns. The microbeam irradiation 
geometry allows very high dose deposition 
in the microbeam paths while tissue slices 
located in-between microbeams receive 
only 5-10% of the peak dose. Research 
at the European Synchrotron Radiation 
Facility in France has demonstrated the 
relevance of MRT for the treatment of 
glial tumours. Recent work suggests 
that the multiplication of MRT incidences 
significantly increases survival. 

In a study undertaken at the MBI facility 
tumour control was evaluated using 
preclinical T1- and T2-weighted MRI and 
animal survival was recorded. No complete 
tumour ablation was achieved since faint 
contrast of recurring tumours was seen 
on T1-weighted MR images 40 days post 
irradiation. However, the study gave insights 
into the potential of MRT as a curative 
treatment option for brain tumours for 
realistic transfer to clinical trials.

 

Seeing inside the sandbox: analysing 
deformation inside geological analogue 
experiments with X-Ray CT scanning

Megan Withers, Tara Sepehrizadeh, Michael de Veer 
and Sandy Cruden

Tectonic plates on the earth’s crust move 
slowly over millions of years. Over time, 
deformation at the boundaries of plates 
creates complex networks of faults and 
earthquakes. In order to understand how 
these networks work, geologists simulate 
the deformation behaviour on smaller scales 
in the laboratory using ‘analogue modelling 
boxes’ filled with dry sand which deforms 
similarly to the earth’s crust.  

In this study analogue modelling was used 
to investigate the development of plate 
boundaries where one plate slides past 
another, called transform boundaries. 
The development of the Marlborough 
Fault System in New Zealand that was 
associated with the devastating 2016 
Magnitude 7.8 Kaikoura earthquake was 
modelled. The large bore CT scanner was 
used to image deformation of the model at 
regular time intervals to enable analysis of 
the development of fault networks in three 
dimensions. The results demonstrated 
how the faults behave at depth rather than 
just on the surface and will contribute to 
improved prediction of future earthquake 
risks in New Zealand and elsewhere around 
the world.

Figure 3: Use of ultrasound to 
quantitate uterine arterial blood 

flow to confirm it is not the ability 
of the artery to supply blood that is 

compromised following radiotherapy.

Figure 4: Magnetic resonance 
images revealed increased tumor 
control after microbeam radiation 
therapy through eight incidences 

compared with conventional 
broad beam (BB) irradiation. 

...the study gave insights into the potential of MRT as a curative 
treatment option for brain tumours for realistic transfer to clinical trials.
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Figure 5: 
Images 
of the 
analogue 
model after 
40 mm 
movement.  
Well-
developed 
faults are 
observed 
as black 
lines in the 
images.
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Preclinical Imaging (ARA-MBI)

A new, state-of-the-art, purpose-built 
preclinical imaging facility opened in 
2018 for use by researchers at the 
Alfred precinct. In 2019 the facility 
included a 9.4T MRI scanner capable 
of a range of imaging including 
brain, abdominal, cardiovascular, 
muscular and articular imaging. It 
also houses a NanoPET-CT, capable 
of high-resolution, high-efficiency 
PET and X-Ray CT scanning, and 
FLECT, capable of 3D fluorescence 
imaging. IVIS Lumina XR Series III 
equipment can be used for multi-
modal fluorescent, bioluminescent 
and X-Ray imaging in vivo. In 2020 
will come the addition of a Magnetic 
Particle Imaging (MPI) scanner. 

In 2019 the ARA-MBI facility welcomed 
a new facility manager and new imaging 
support scientist, Dr Robert Brkljaca. 
Robert obtained his PhD in Chemistry at 
RMIT University, with a focus on natural 
products drug discovery. His own personal 
research interests have resulted in over 
50 publications. Since joining the Monash 
team, Robert has brought his knowledge 
of facility management, and extensive 
experience in the field of magnetic 
resonance techniques/applications. Dr 
Bianca Jupp also joined ARA-MBI in late 
2019 as the lead PET/CT scientist. She 
completed her PhD in Neuroscience at 
the University of Melbourne followed by 
postdoctoral positions at the Florey Institute 
of Neuroscience and Mental Health, and the 
University of Cambridge. Bianca’s research 
investigates the neural mechanisms 
underlying addiction and addiction 
vulnerability, with a particular emphasis on 
behavioural traits known to mediate risk 

for this disorder, such as impulsivity and 
cognitive flexibility. Bianca’s main research 
interests and expertise are in the application 
of preclinical neuroimaging modalities, 
specifically PET and MRI, in addiction 
neuroscience research. 

Outreach activities

Facility Tours

In November 2019, Australia’s Chief 
Scientist Dr Alan Finkel AO, along with 
members of the Alfred Research Alliance, 
met with Dr Bianca Jupp for a guided tour 
of the ARA-MBI facility. During the tour, Dr 
Finkel was given an overview of our multiple 
imaging modalities, and how ARA-MBI’s 
unique location at the Alfred Hospital offers 
us exceptional opportunities for preclinical 
and clinical collaborations.

Figure 1. Australia’s Chief Scientist Dr Alan Finkel 
AO and Dr Bianca Jupp discussing the capabilities 
of the ARA-MBI facility.
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Identification of neuroimaging 
biomarkers of long-term social 
behaviour deficits following paediatric 
traumatic brain injury

In vivo MRI was used by Dr Bridgette 
Semple from Monash’s Central Clinical 
School to examine how an early life 
traumatic brain injury (TBI) affects 
subsequent development of the brain, 
using a mouse model. The project focused 
on establishing novel measures of white 
matter changes which may underlie 
neurobehavioural deficits that emerge over 
time post-injury. The findings demonstrate 
progressive neuropathology within key 
brain regions, which are dependent upon 
the severity of injury (severe versus mild) as 
well as the time post-injury. This project is 
funded by an NHMRC Project Grant. 

Investigating risk factors that moderate 
the transition from acute to chronic pain

Adolescence is a critical developmental 
period that results in maturational changes 
in both the brain and body. These changes 
include the development of secondary 
sex characteristics, hormonal changes, as 
well as increases in white matter volume 
and anisotropy, and decreases in total 
cerebral volume and grey matter volumes 
in the brain. The neurocircuitry of the brain 
is refined during this time, undergoing 
increased myelination and synaptic 
pruning. Given the significant development 
during this period, environmental factors 
have the potential to alter development 
and impact long term outcomes. This 
is known as programming theory, in 
which organisms can permanently alter 

systems and functions during critical 
periods of plasticity. Given that paediatric 
pain conditions most often emerge in 
the adolescent period, early life factors 
pose promise as targets for intervention. 
Promising factors that may affect pain 
outcomes include: 1) consumption of 
a high-fat high-sugar (HFHS) diet early 
in life, which can program chronic low-
grade inflammation and lead to persistent 
microglia activation; and 2) exposure to 
adverse childhood experiences (ACE), such 
as abuse or neglect, which may also prime 
microglia and the HPA axis to over-respond 
to later stressors. Therefore, the aim of this 
study by Dr Richelle Mychasiuk from the 
Monash Central Clinical School and the 
Monash Trauma Group, was to examine 
the effects of a HFHS diet and ACEs, on 
pain outcomes and emotional function. All 
animals undergo in vivo MRI to examine 
volumetric and diffusion measures in both 
sensory and limbic brain regions.

The initial findings indicate that both ACEs 
and a HFHS diet modify pain sensitivity in 
adolescent rats as measured in the Hot/
Cold plate and von Frey task. MRI analyses 
indicated that the modifications in pain 
sensitivity were correlated with volumetric 
changes in the anterior cingulate cortex, 
amygdala, corpus callosum, nucleus 
accumbens, and thalamus. Further, these 
early life factors also altered diffusion 
metrics in the corpus callosum, as exhibited 
by significantly reduced fibre cross-section 
and fibre density, suggesting altered 
functional connectivity in the brain.

Figure 2. Diffusion-weighted MRI 
analysis of the corpus callosum. (A) 
Effect of steroids on fractional anistropy 
compared to placebo. (B) Example image 
of increased fractional anistopy group. 
(C) Example image of increased apparent 
diffusion coefficient group.

Figure 3. Corpus callosum ipsilateral 
and contralateral to the injury site 
delineated for region-of-interest 
quantification.

Project Summaries

Concussions and anabolic steroids

Publication: Tabor, J, Wright, D.K., Christensen, J., 
Zamani, A., Collins, R., Shultz, S. R., Mychasiuk, 
R. (2020). Examining the Effects of Anabolic–
Androgenic Steroids on Repetitive Mild Traumatic 
Brain Injury (RmTBI) Outcomes in Adolescent Rats. 
Brain Sciences, 10. doi:10.3390/brainsci10050258. 

A study of the interactive effects of 
concussions and anabolic steroids was 
undertaken in 2019 by A/Prof Sandy Shultz 
from the Monash Central Clinical School and 
the Monash Trauma Group, with collaborators 
at the University of Calgary in Canada. 
Concussions and anabolic–androgenic 
steroid (AAS) consumption are both 
common among young athletes. Considering 
the increased rates and overlapping 
symptomology of concussion and AAS use, 
we sought to investigate the behavioural and 
neuropathological outcomes associated with 
the AAS Metandienone (Met) and concussion 
on rats. Rats received either Met or placebo 
and were then administered repeated 
concussions or sham injuries, followed by a 
behavioural test battery. Post-mortem MRI 
was conducted to examine markers of brain 
injury: Although AAS and concussions did 
not produce cumulative deficits, AAS use 
was associated with detrimental outcomes 
including prefrontal cortex (PFC) atrophy 
and amygdala (AMYG) enlargement, as well 
as damaged white matter in the corpus 
callosum. These findings corroborate 
previous results indicating that concussions 
negatively impact brain integrity, but also 
demonstrates that AAS result in significant 
neuropathological insult to the young brain.
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Imaging Analysis

In 2019, the Imaging Analysis team 
made significant advances in the 
development and application of 
artificial intelligence in MRI and 
MR-PET imaging. The team has 
collaborated with Alfred Health 
Radiology for validation of a deep 
learning-based MRI motion correction 
algorithm in the clinical setting. A 
collaboration with Monash Health on 
artificial intelligence guided prostate 
cancer MR-PET imaging has resulted 
in publications in top tier nuclear 

medicine journals and conferences. A 
collaboration with the Department of 
Psychiatry at Monash University has 
applied multimodal image analysis 
techniques to motor neurone disease. 

Internationally, the team continues to 
collaborate with the Helmholtz Research 
Centre in Juelich Germany in the 
development of next generation MRI-PET 
technology. The team has partnered with 
Siemens Healthcare under an ARC Linkage 
grant to develop quantitative MR-PET 
technology for application to advanced 
brain imaging. 

The Imaging Analysis team has continued 
the development of novel imaging methods. 
A joint MR-PET image reconstruction 
algorithm was published in the Medical 
Image Analysis journal. The team has 
successfully developed algorithms to jointly 
identify functional MRI and functional PET 
brain activity networks.    

The XNAT-based informatics framework at 
MBI has been successfully implemented, 
which improved reliability and flexibility for 
our users. In 2019, the team has further 
extended the XNAT connection to the Alfred 
hospital to facilitate collaborative and large-
scale data analysis projects. 

Project summaries

Deep learning based MR motion 
correction and image reconstruction

Kamlesh Pawar, Tom Close, Jarrel Seah, Meng Law, 
Gary Egan and Zhaolin Chen

Long scan time is a major issue in MRI. A 
deep learning based MRI reconstruction 
algorithm can significantly reduce the scan 
time. The novel deep learning framework 
classifies each voxel in the reconstructed 
image to its underlying true value.

Publication: 

K. Pawar, Z. Chen, N.J Shah, and G. Egan, “A Deep 
Learning Framework for Transforming Image 
Reconstruction into Pixel Classification” IEEE Access, 
23 Dec 2019, 7, pp.177690-177702.

 

Figure 1. Results of the image 
reconstructions for two axial sections 
of T1 weighted MPRAGE for the 
acceleration factor of 3 using the zero 
filled (ZF), the Compressed Sensing (CS), 
the DL-regression (DLR-L2) and the 
DL-classification (DLC) reconstructions 
along with SSIM indexes. The enlarged 
images from each panel demonstrate 
that the image contrast and edges are 
better preserved in the DL classification 
network images compared to the CS and 
DL-regression images.
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Brain tumour segmentation 

Kamlesh Pawar, Zhaolin Chen, Jon Shah, Gary Egan

A novel ensemble of 2D convolutional 
neural networks to predict the 3D brain 
tumour segmentation using the multi-
contrast (T1, T2, T1 contrast, T2 Flair) 
brain MR images. The mean dice scores 
calculated from the 166 datasets were 
0.8865, 0.7372 and 0.7743 for whole 
tumour, tumour core and enhancing tumour 
respectively.

Publication:  

Pawar K., Chen Z., Jon Shah N., Egan G.F. (2020) An 
Ensemble of 2D Convolutional Neural Network for 
3D Brain Tumor Segmentation. In: Crimi A., Bakas S. 
(eds) Brainlesion: Glioma, Multiple Sclerosis, Stroke 
and Traumatic Brain Injuries. BrainLes 2019. Lecture 
Notes in Computer Science, vol 11992. Springer, 
Cham

 

Figure 2. Segmentation results of 
a representative image with red colour: NCR/
NET, orange colour: edema and white colour: ET. 
The bottom of the figure shows the dice score 
for whole tumour (WT), tumour core (TC) and 
enhancing tumour (ET) respectively. First row 
shows ground truth segmentation; second row 
shows predicted segmentation results.

An unsupervised deep learning 
algorithm for white matter clustering

Shenjun Zhong and Zhaolin Chen

Clustering white matter streamlines is still 
a challenging task. The existing methods 
based on spatial coordinates rely on 
manually engineered features, and/or 
labelled dataset. This work introduced 
a novel method that solves the problem 
of streamline clustering without needing 
labelled data. This is achieved by training 
a deep LSTM-based autoencoder to learn 
and embed any lengths of streamlines 
into a fixed-length vector, i.e. latent 
representation, then perform clustering in 
an unsupervised learning manner.

Figure 3. Decomposition of the left hemisphere 
and the clustered bundles, using the streamline 
embedding.
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Imaging Analysis

Imaging Research Integrity System 
(IRIS) 

Tom Close, Parisa Zakavi, Richard McIntyre, 
Alexandra Carey, Louise Mitchell, Meng Law, Zhaolin 
Chen, Gary Egan

IRIS is a secure database application 
designed to handle sensitive metadata 
related to imaging research projects, such 
as subject identities. IRIS complements 
XNAT data repositories, enabling images 
to be stored de-identified within XNAT 
repositories. IRIS also performs quality 
assurance at different stages of the data 
acquisition and storage workflow in 
order to guard against data dropout and 
misidentification of subjects. Imaging data 
are assessed by off-site radiologists and 
findings entered directly into IRIS. IRIS links 
these findings to identity information to 
generate medical reports without sensitive 
information leaving the secure firewall.

Joint reconstruction and analysis of 
simultaneous MR-PET images 

Viswanath P. Sudarshan, Sharna Jamadar, Gary Egan, 
Suyash P. Awate, Zhaolin Chen

Simultaneous positron emission 
tomography (PET) and magnetic resonance 
imaging (MRI) provide complementary 
information about brain function and 
structure. Joint reconstruction of MRI 
and PET images can improve image 
quality in both modalities, potentially 
enabling faster MRI and lower-dose PET 
scans. Current methods for joint MRI-
PET reconstruction use priors that model 
inter-modality dependencies in image 
gradients. Many methods also ignore the 
potential in parallel MRI for acceleration. 
In contrast, we combine accelerated 
parallel MRI with a joint MRI-PET patch-
based dictionary model to infer higher-
order dependencies across MRI and PET 
image neighbourhoods. We propose a 
novel Bayesian framework for joint MRI-
PET reconstruction. The results show that 
our method reconstructs images more 
accurately, in simulated and in vivo MRI-
PET (in parallel MRI) cases, than the state 
of the art.

Publications: 

VP Sudarshan, GF Egan, Z Chen, SP Awate. Joint 
PET-MRI Image Reconstruction using a Patch-Based 
Joint-Dictionary Prior. Medical Image Analysis, Feb. 
2020, https://doi.org/10.1016/j.media.2020.101669

VP Sudarshan, Anthony Fernandez, Kamlesh Pawar, 
Shenpeng Li, SP Awate, GF Egan, Z Chen a MR guided 
PET dose reduction in simultaneous MR-PET based 
on a regularised deep learning network, ISMRM 2019.

 

Figure 4. Overview of IRIS.

Figure 5. Comparison of 
the reconstructed PET and 
MRI images with the Joint 

Dictionary (JD) prior and 
without any prior. MRI data 

was acquired at 2.2 x Cartesian 
undersampling factor.
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Using neuroscience to create healthy 
habits, brains and communities.
As experts in the science of brain plasticity, 
behaviour, cognition, and mental health, the 
BrainPark team investigate how everyday 
lifestyle activities and digital tools can be 
used to both track and to improve brain 
and mental health.

Here we present highlights of our work 
across our four core research streams. 
You can see other aspects of our work, 
including recent research outcomes, on our 
website: www.brainpark.com

Project Summaries

Behaviour stream

Our everyday behaviours, such as 
sleep, physical activity, diet, and social 
connections, have a potent impact on our 
mental health and the health of our brain. 
Behavioural interventions harness that 
power by identifying which behaviours 
have the most positive effects, and what 
behaviour change strategies best help 
people embed them into their lifestyles 
for the long-term. While behavioural 
interventions have enormous potential for 
enhancing community wellbeing, making 
sustained lifestyle change is challenging. 
In research settings it’s common for over 
50% of people to drop out of behavioural 
intervention trials, and for those that do 
remain many don’t engage in a third or 
more of the intervention activities. This is 
a major challenge for the field of lifestyle 
medicine, and one that has been turned on 
its head at BrainPark.

A key study is the Brain Exercise and 
Addiction Trial (BEAT). When people use 
cannabis regularly for many years it can 
have a negative impact on the health of 
their brain. The hippocampus (a key brain 
region for memory, learning, and emotional 
processing) is particularly vulnerable to the 
effects of heavy cannabis use. The good 
news is that the brain harm caused by 
long-term cannabis use can be reversed 
and the BrainPark team are researching 
strategies that speed up the process of 
brain health recovery. One such strategy 
may be exercise. Regular exercise has 
a positive effect on physical and mental 
health and can increase the size of the 
hippocampus. This study is comparing the 
effects of two different exercise programs 

to investigate whether the programs have a 
positive impact on brain health and, if they 
do, whether one is more effective than the 
other.

Decision-making stream

Current assessment approaches for people 
with drug, alcohol or other behavioural 
problems (e.g. gambling) have traditionally 
relied on measuring the frequency and 
severity of the behaviour itself, and not the 
underlying brain-based or neurocognitive/
motivational processes that lead to these 
problems. The decision-making stream 
seeks to shift this paradigm, and translate 
the latest developments in clinical and 
cognitive neuroscience. We use innovative 
digital tools to better understand and 
allow for the more effective measurement 
and monitoring of decision-making 
mechanisms.

Partnering with research collaborators, 
industry and clinics, the Decision-Making 
Group is implementing the BrainPAC 
(BrainPark Assessment of Cognition app) 
to detect, track, and provide personalised 
feedback on the decision-making abilities 
that drive impulsive-compulsive disorders. 
BrainPAC is fun to use, low-cost, and 
easy to access on smartphones and 
tablets. This research program ensures 
more people experiencing addictive and 
related problems have access to effective 
assessment technologies based on the 
latest neuroscience.

Clinical stream

Through collaboration with other research 
teams at BrainPark and colleagues across 
the globe, our ultimate aim is to identify 
alternative constructs underlying obsessive-
compulsive and related disorders (OCRDs) 
that can reshape diagnosis, be clinically 
useful, and therapeutically relevant. To 
this end, our group adopts (1) a focus 
on the affective (“internal”) motivations 
driving repetitive behaviors, which may be 
dependent on neurodevelopmental stages 
and associated with particular responses 
to individual treatments; (2) a strong 
longitudinal approach, emphasizing early 
intervention across different compulsive 
behaviors to maximise outcomes; (3) an 
increased importance of the role played by 
environmental factors (such as stressful/
traumatic events and poor lifestyle), which 
may increase speed of progression and 
conversion rates from subclinical to clinical 
OCRDs, and (4) the adoption of new 

technologies (e.g. online treatments), which 
may be used by increased number of 
people at risk for OCRDs. 

A key study retrospectively investigated the 
speed of progression towards full-blown 
OCD and sociodemographic and clinical 
factors associated with a faster transition. 
Faster OCD onset was associated with 
lower age at the time of assessment, male 
gender, being in new romantic states 
as precipitants for compulsions, greater 
severity of sexual/religious symptoms and 
lower severity of hoarding and YBOCS 
compulsions severity scores, greater 
rates of generalised anxiety disorder and 
agoraphobia without panic disorder, and 
negative family history for OCD. We were 
able to identify a specific phenotype that 
was more likely to escalate rapidly to clinical 
levels within this large clinical sample. This 
phenomenon may be particularly relevant in 
the context of selecting individuals for early 
intervention initiatives in situations when 
resources are scarce.

Technology stream

This stream’s objective is to adopt and 
optimise advances in the technology of 
brain science to improve decision-making, 
behavioural and clinical outcomes. By 
implementing state-of-the-art approaches 
(ranging from magnetic resonance imaging, 
virtual reality, to wearable and portable 
Devices, and utilising complex analytical 
techniques, the team seeks to (i) uncover 
the neuroscience basis of brain and mental 
health (with particular relevance to impulsive 
and compulsive behaviours), and (ii) adopt 
and optimise technology-driven solutions 
that facilitate and support the development 
of other BrainPark streams.

A key project used a state-of-the-
art registration and morphological 
techniques to provide shape and volume 
measurements of the accumbens core and 
shell using single-modality high-resolution 
T1-weighted MR images. Real-world 
application of this technique is currently 
being tested through examining the 
relationship between regional morphology 
and behavioural indices (including 
dimensional motivational measures, and 
both clinical and exercise-related outcomes 
in a lifestyle intervention). 

Linked Labs

23



BrainPark® Facility

24

Gym
Our fully equipped indoor and outdoor gym 
are inviting and welcoming spaces suitable 
for a range of purposes from one-on-one 
sessions to group fitness classes of up to 
six people. Our gym features Concept2 
Rowers, SkiErgs and BikeErgs, boxing 
bags, dumbells, kettlebells, barbells and 
more.

Spin studio
With a projector and curved wall, our spin 
studio is an immersive space for interactive 
and gamified physical and mental 
interventions, currently housing seven 
Concept2 BikeErgs, with the capacity to 
run virtual cycling programs like Zwift.

Exercise physiology lab
Housing a brand new HP Cosmos Quasar 
Med 3p treadmill with force conduction 
plates for gait analysis, our exercise 
physiology lab is world class. We have all 
the equipment to conduct gold standard 
CPET assessments on the treadmill or 
Wattbike. The treadmill has a built in 
safety harness to allow for a broad range 
of exercise physiology assessments and 
testing to be completed safely on elite 
athlete through to clinical populations.

Two virtual reality studios
Our advanced virtual reality studios feature 
the latest wireless VR headsets, allowing 
freedom of movement for a fully immersive 
experience with therapeutic-VR and 
exergaming capabilities.

Brain training pods 
Our cosy individual ‘pods’ allow for comfort, 
privacy and focus while completing 
cognitive assessments or interventions on 
hand-held tablets or laptops.

Clinical assessment rooms
We have a small room suitable for one-on-
one assessments and a larger room that 
can hold up to four people, allowing for 
larger assessments or focus groups.

Meditation/yoga studio
Featuring an internal garden, sky window 
and equipped with yoga mats and 
meditation cushions, this space can hold 
up to 10 people and can be utilised for a 
range of purposes from meditation or yoga 
practice to clinical assessments or focus 
groups.

Linked Labs

Co-located with MBI, BrainPark is an inspiring neuroscience research facility 
accessible to both internal and external researchers.
Designed by award-winning architects, BrainPark’s spaces are warm, creative 
and engaging, with a modern, non-clinical feel. All space is equipped with 
individual climate control for comfort. 
Research studies can access the following facilities:
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Project Summaries

Bridging the gap between transcriptome 
and connectome

The human connectome is a 
comprehensive map of brain connectivity. 
Precisely how this intricate web is shaped 
by genetic and environmental influences 
remains a mystery. In recent years, the 
availability of brain-wide atlases of gene 
expression in mouse and human have 
opened new possibilities for investigating 
the transcriptional correlates of different 
aspects of connectome organization. 
NSB has led the charge in this space, 
developing new techniques for bridging 

Figure 1. Workflows for relating transcriptomic 
atlases to connectome data. (a) Brain surfaces 
show the locations of different cortical tissue 
samples taken from the six donor brains 
comprising the AHBA (left) and an example 
connectome constructed using diffusion MRI data 
(right), where colours indicate node membership 
to different topological modules. (b) Each sample 
in the expression atlas is characterised by a vector 
of expression values across genes. These region-
specific vectors can be combined into a region 
gene expression matrix. (c) Gene coexpression is 

the correlation between the regional expression 
profiles of pairs of genes (i.e., columns of the 
expression matrix). It can be estimated for each 
pair of genes to obtain a gene coexpression 
matrix. Summary measures of expression 
patterns in this matrix, such as eigengenes, can 
then be mapped back onto the brain and related 
to regional properties of network organization. (d) 
Analysis of regional expression patterns involves 
extracting each gene¹s spatial profile separately 
and correlating it with regional variations in some 
brain property (e.g., volume, activation, node 

degree). In this hypothetical example, Gene C 
shows a spatial correlation with the brain property 
whereas Gene D does not. (e) In a CGE analysis, 
vectors of gene expression for each region (rows 
of the expression matrix) are correlated with 
each other. CGE values can then be related to 
pairwise measures of brain structure or function. 
In this hypothetical example, the distribution of 
CGE values for connections within modules is 
compared to CGE values for connections between 
modules.

the gap between molecular measures of 
gene expression and macroscale imaging 
measures of brain network connectivity. 
We outline the promise of this approach 
in an invited review article (Fornito et 
al. NeuroImage, 2019). However, such 
analyses should be done carefully. In a 
recent preprint (Fulcher et al., BioRxiv, 
2020), we show that existing statistical 
methods for evaluating the contribution of 
different groups of genes to a given effect 
are not appropriate for brain-wide gene 
expression atlas data, leading to a plethora 
of potentially false positive findings in the 
literature. We characterise the sources 
of this problem and propose new, more 
suitable methods for statistical inference.

Neural Systems & Behaviour Lab (NSB)

The Neural Systems and Behaviour 
Lab (NSB) aims to understand 
how the brain works in health and 
disease. Headed by Professor Alex 
Fornito, researchers at NSB view 
the brain as complex, intricately 
connected network and use an 
interdisciplinary approach to 
develop a multiscale understanding 
of brain function from molecules 
to mind. Questions that we tackle 
include:

 How do genes sculpt the 
complex network organization of 
the brain?

 How do individual differences 
in brain network connectivity 
relate to behaviour?

 How are brain networks 
disrupted by mental illness?

 How does brain structure 
constrain brain function?

 Can we develop mathematical 
models of how brain networks 
develop and work?
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Methods for improved estimation of 
brain connectivity with MRI

MRI data are noisy and are often subject 
to a series of complicated processing 
steps to minimise noise contributions 
to the signal. Many different processing 
options are available, raising questions 
about which are most effective. In a series 
of comprehensive studies, NSB has 
identified which methods are better than 
others. In a comparison of 19 different 
denoising pipelines, we used six different 
benchmarks in three independent datasets 
to identify which specific methods are 
most effective in reducing the contribution 
of participant head motion to connectivity 
estimates obtained with functional MRI 
(Parkes et al. NeuroImage, 2018). In a 
follow-up study, we tackled the problem of 
respiration-related noise in the functional 
MRI signal, showing that a commonly used 
procedure called global signal regression 
does not work as effectively as previously 
thought and proposed a new method, 
called Diffuse Cluster Estimation and 
Removal (DiCER), that is more successful 
at denoising and which improves statistical 
power in subsequent connectivity analyses 
(Aquino et al. NeuroImage, 2020). More 
recently, we have compared the efficacy 
of 240 different preprocessing pipelines 
in removing motion-related contamination 

Figure 2. An iteration of DiCER uses clustering 
to identify voxels involved in a widespread signal 
deflection, and then estimates a regressor as the 
adjusted mean signal from the identified cluster.   
We show: A CO carpet plot for a selected UCLA 
control participant, Subject 10376.
B Upper triangle of the pairwise distance matrix, 
D_ij  = 1 - |r_ij |, from low D_ij (black) to high D_ij 
(white). C dbscan is used to estimate a diffuse 
common signal, or WSD, and label the core 
and reachable voxels that contribute to it. D A 
regressor is estimated from core and reachable 
voxels, after flipping the sign of voxels that are 
anticorrelated to the cluster center, as the adj-
mean. This procedure is repeated until either no 
WSDs are identified, or a maximum number of 
iterations, k_max= 5, is reached.
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of diffusion MRI estimations of anatomical 
connectivity in the brain (Oldham et al. 
BioRxiv, 2020). These studies provide 
clear recommendations for best practices 
in data processing and analysis, which 
will ultimately lead to more robust and 
reproducible results. 

Monash Brain and Behaviour Project

The NSB is leading an internationally unique 
project funded by the National Health 
and Medical Research Council (NHMRC) 
that aims to change our understanding 
of mental illness. We are recruiting >1000 
people from the general community 
to complete an extensive assessment 
battery measuring different aspects of 
personality, mental illnesses, emotional 
experiences, and cognition, in addition to 
Magnetic Resonance Imaging (MRI) and 
genetic assays. We will use these data to 
understand how different mental illness 
symptoms and personality traits cluster 
together, facilitating the development 
of an empirically grounded approach to 
understanding the underlying dimensions 
of mental health problems. We will then use 
the MRI and genetic data to investigate the 
biological basis of these dimensions.

In a short time, we have recruited over 270 
participants and expect to complete data 
collection in 2022.
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Monash Neuroscience of Consciousness Lab (MoNoC)

The Monash Neuroscience 
of Consciousness (MoNoC) 
Research Laboratory primarily 
aims to understand the neural 
basis of consciousness and also 
to understand the relationship 
between consciousness and 
intelligent functions. Our 
approaches focus on two areas: 
1)  Consciousness itself - 

developing the theory of 
consciousness and empirically 
testing it, revealing the boundary 
condition of conscious and non-
conscious processing. 

2)  Intelligent functions - the 
relationship between 
consciousness and functions 
such as attention, working 
memory, and metacognition in 
humans, animals and artificial 
systems.

Project summaries

Expectation and attention increase the 
integration of top-down and bottom-up 
signals in perception through different 
pathways

Publication: Gordon N, Tsuchiya N, Koenig-Robert R, 
Hohwy J (2019) Expectation and attention increase 
the integration of top-down and bottom-up signals in 
perception through different pathways PLoS Biology 
https://doi.org/10.1371/journal.pbio.3000233 
https://www.cibf.edu.au/perception

We perceive the world around us by 
combining new information (such as 
something we see or hear) with knowledge 
from previous encounters (about similar 
things we’ve seen or heard before). 
However, how the brain integrates so-called 
‘low-level’ sensory information with the 
‘high-level’ information stored in the brain is 
not clear. 

This integration is believed to involve 
attention and expectation, but it has been 
difficult to study how these two processes 
work – independently and together – 
because existing experimental approaches 
struggle to distinguish between them and 
their effects.

To overcome this limitation, we, in 
collaboration with Jakob Hohwy in the 
Department of Philosophy at Monash 
University designed two experiments to 
test how expectation and attention are 
involved in perception. In both experiments, 
participants watched a monitor featuring 
a series of pictures of a house or a face 
that were flashed on the screen at different 
frequencies. The pictures were scrambled 
to varying degrees and presented 
sequentially, like a movie, with some images 
clearer – and thus more easily identifiable – 
than others.

In the first experiment, participants either 
looked for the house or the face image 
appearing a certain number of times, as 
instructed beforehand (the ‘unexpected’ 
stimuli), or indicated when a previously 
memorised pattern of images was violated 
(the ‘expected’ stimuli). In the second 
experiment, participants were asked to 
count either the faces or the houses – thus 

requiring their full attention to the counted 
image – or to perform a demanding task 
that drew their attention away from these 
images.

As similar images were used in both 
experiments, we hypothesised that 
any resulting differences in perception 
were strictly due to the participants’ 
expectations or attention. During both 
experiments, we measured the participants’ 
brain activity non-invasively using 
electroencephalography (EEG). By showing 
the house and face images at different 
frequencies, and applying unique image-
scrambling methods, the researchers 
could use EEG to distinguish brain activity 
involving new sensory information from 
activity involving information already stored 
in the brain.

As a result of their novel approach, 
we found the first direct evidence 
demonstrating that expectation and 
attention increase the integration of low- 
and high-level information in the brain. How 
this integration occurs depends strongly on 
what the participants expected and what 
they paid attention to: expectation is linked 
to the use of high-level information, while 
attention is linked to the amplification of 
low-level information.

These results will help us to better 
understand not only perception, but also 
misperception – which can happen in 
healthy brains when we view illusions, and 
in the brains of people with conditions such 
as schizophrenia or autism.

Figure 1. We employed 
three experiments to 
dissociate attention 
from expectation. 

Figure 2. Our independent 
manipulation of expectation 

(A) and attention (B) resulted 
in specific change of a novel 

measure of phase synchrony, 
called multispectral phase 

coherence in stimulus 
(MSPCstim) and in neural 

response (MSPCres). With 
this measure and other 

analyses, we found that 
expectation “gates” incoming 

“stimulus” while attention 
“amplifies” attended 

“responses”.  
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Sleepers track informative speech in a 
multitalker environment 

Publication: Guillaume Legendre, Thomas Andrillon, 
Matthieu Koroma & Sid Kouider. Sleepers track 
informative speech in a multitalker environment - 
Nature Human Behaviour (https://doi.org/10.1038/
s41562-018-0502-5)

Imagine slowly drifting off to sleep in a 
bus or an airport after a hard day’s work. 
As the body enters a restful state and 
consciousness dissolves, people might still 
want to pay attention to key information in 
these typically noisy settings – like when 
their bus stop is announced, boarding 
message is called or name is mentioned. 
Amid the volume of disruptive influences 
in these overly-crowded settings, can the 
sleeping brain filter every piece of information 
it receives? Can our brains detect the most 
relevant piece of information from thousands 
of stimuli that could cause us to react?  

Through a collaboration between the 
Monash Neuroscience of Consciousness 
(MoNoC) lab and the Brain and 
Consciousness team at the École Normale 
Supérieure in Paris, we investigated these 
questions. This work was published in 
January 2019 in Nature Human Behaviour. 
In this article, we showed that the sleeping 
brain is sensitive to the meaning of a sound 
and has the capacity to encode important 
pieces of information – even though the 
body is resting. Indeed, when we sleep, even 
if we lose our ability to physically interact 
with our environment, it does not mean the 
brain is shutting down from what happens 

in the outside. While previous studies have 
suggested that awakening can be attributed 
to sounds or semantic relevance (like the 
mention of someone’s name), we showed 
here for the first time the sleeping brain can 
covertly select which piece of information to 
prioritise when multiple stimuli compete with 
each other. In an ever-changing environment, 
this ability to process relevant signals during 
sleep could offer substantial benefits.

In practice, we recorded the sleep of 
24 good sleepers at the École Normale 
Supérieure in Paris. We played to these 
participants two competing audio stories 
as part of a controlled one-hour nap. 
Participants had a reduced sleep time 
the previous night and were barred from 
consuming any stimulant that day to facilitate 
their nap. In one ear, participants heard up to 
80 news grabs and movie excerpts on loop 
while asleep. In the other ear, they received 
speech that was devoid of any meaning, 
like the Jabberwocky poem from Alice’s 
Adventures in Wonderland. The aim was to 
see whether sounds carrying meaning would 
be preferentially processed by sleepers. To 
do so, we used a technique called stimulus 
reconstruction in which participants’ brain 
activity is used to reconstruct what they 
are hearing and detect the focus of their 
attention. In both wakefulness and sleep, 
we observed that participants were focusing 
preferentially on the meaningful stimulus 
compared to the meaningless one. This 
means that, even during sleep, our brains 
remain sensitive to meaning and can extract 
what is most relevant out of a noisy, crowded 
acoustic environment.

Thus, even when we sleep, we can 
segregate meaningful and meaningless 
sources of information and prioritise the 
meaningful stimuli. This work further shows 
the extent to which our brains can remain 
active during sleep.

Figure 3. Decoding performance across 
wake and NREM sleep. Decoding results 
for the decoding of attention during 
wakefulness and sleep for the first 
and second half of the trials (1-minute 
long trials). Dotes show individual data 
points (n = 24 participants for both 
wakefulness and NREM sleep). The 
asterisks show the significance level 
of the signed-rank test comparing 
performance against the 50% chance 
level (dashed line). ***P < 0.005, **P < 
0.01, *P < 0.05; NS, not significant.
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Interoception Neuroimaging Group

Summary of lab activities

 The effect of conditioning pain 
on behavioural and regional 
brain responses to the inhalation 
of tussive substances

 Behavioural and regional 
medullary responses to the 
inhalation of capsaicin and 
adenosine triphosphate 
in patients with cough 
hypersensitivity syndrome and 
healthy controls

 Investigation of response 
inhibition, uncontrolled coughing 
and associated regional brain 
responses in patients with 
cough hypersensitivity and 
healthy controls 

Project Summaries

Pain modifies responses to inhaling 
tussive substances 

Cough is a defence mechanism that 
protects the airways and lungs in response 
to airway irritation. The sensory neurons 
involved in detecting airway irritants and 
the neural pathways mediating cough 
share similarities with those that encode 
pain from the body. Painful conditioning 
stimuli applied to one body site are known 
to reduce the perception of pain at another. 
However, whether the neural regulation 
of cough is influenced by painful stimuli 
is not known. We have investigated the 
behaviours and regional brain responses 
to the concurrent application of painful 
thumbnail pressure and the inhalation of 
an airway irritant (the active ingredient of 
chili - capsaicin). Painful pressure was 
associated with decreases of cough and 
urge-to-cough. These changes in behaviour 
were accompanied by widespread changes 
in brain activity during capsaicin inhalation, 
suggesting that pain can modify the central 
processing of inputs arising from the 
airways. 

Response inhibition

Coughing can be a reflex response or 
a voluntary action. Furthermore, people 
have the ability to suppress coughing. 
The brain regions that become activated 
during coughing are different depending 
on whether the cough is a reflex or a 
planned action, and the neuroanatomy of 
cough suppression is also distinct from 
either type of cough. Understanding how 
cough and its suppression is organised 
in the brain has special relevance for the 
plight of people with cough hypersensitivity. 
These patients are troubled by persistent, 
uncontrolled, non-productive coughing, and 
the reasons for this distressing syndrome 
are not known. There is some evidence 
that cough hypersensitivity patients have 
impairments of the response-inhibition 
mechanisms that contribute to cough 
suppression. Additionally, the patients may 
engage in behavioural (voluntary) coughing 
in response to aberrant feelings of airway 
irritation that are reported in the absence of 
any stimulation. We are currently exploring 
the patterns of regional brain responses 
during spontaneous coughing events in 
association with the presence or absence 
of irritating stimuli in cough hypersensitive 
patients. These responses will be 
compared to healthy control participants 
to see if failure of response inhibition is 
contributing to excessive coughing in 
hypersensitive patients.

Is chronic cough related to sensitization 
of the nervous system? 

Cough serves a critical protective function 
for the airways, but can be a distressing 
symptom if it is persistent and non-
productive. Unfortunately for people with 
chronic cough, current treatments are 
largely ineffectively. Patients with chronic 
cough can be especially sensitive to inhaled 
stimuli, and this heightened sensitivity 
is likely to represent changes in the way 
the nervous system responds to sensory 
inputs from the airways. Understanding 
how the nervous system responds to 
airway stimulation in patients with cough 
hypersensitivity could identify new targets 
for the development of therapies. The 
facilities at Monash Biomedical Imaging 
are being used to gather information about 
how regions in the brainstem respond when 
cough hypersensitivity patients and healthy 
control inhale vapor containing different 
types of substances that provoke cough.  

These substances are distinguished by 
the type of receptors they activate, and 
by the pathways in the nervous system 
that relay the information to higher centres 
in the brain in healthy people. Evidence 
from animal studies suggest that cough 
hypersensitivity may be associated with 
a disruption of the fidelity of the nervous 
system for coding different types of airway 
stimuli. This project will confirm if patients 
with cough hypersensitivity show similar 
changes in regional brainstem responses to 
airway stimulation, and consequently inform 
therapeutic development.   
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Figure 1. A. Inhalation of capsaicin 
activates widely distributed 
regions, which are denoted in red/
yellow on this sagittal slice of the 
brain. The paracingulate cortex 
(ParCG) is one of a number of 
regions in this distributed network 
that shows a different level of 
capsaicin-inhalation activation 
when painful thumbnail pressure 
is applied. B. BOLD signal changes 
from the ParCG associated with 
inhalation challenges show a 
significant pain-related decrease 
to capsaicin, but not to the control 
inhalation of saline.  

Figure 2. A. Patients with cough 
hypersensitivity experience 
increased intensity of an urge-to-
cough compared to healthy people 
when inhaling solutions containing 
capsaicin, which is the active 
ingredient of chili. B. Healthy 
people show selective responses 
in the nucleus of the solitary tract 
(NTS) of the lower brainstem 
when they inhale ATP, which is a 
substance that activates nerves 
deep in the lungs. C. Capsaicin 
inhalation triggers nerves in 
the upper and lower airways. 
Capsaicin inhalation by healthy 
people activates both the NTS 
and the spinal trigeminal region 
(SpV) of the lower brainstem. Our 
study will show if patients with 
cough hypersensitivity show the 
same fidelity as healthy people 
for coding inputs from different 
regions of the airways. 

Figure 3. A. Hypersensitive 
patients cough more frequently 
than healthy people when 
they inhale vapor containing 
capsaicin (chili). B. Regional 
brain responses can be seen in 
the brainstem in association with 
spontaneous coughing events 
in hypersensitive patients. 
This response pattern will be 
compared with cough activations 
from healthy people to identify 
any distinguishing features of 
regional brain responses during 
coughing in the patients.
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Imaging, Cognition & Neuroscience group (ICON)

The Imaging, Cognition and 
Neuroscience group brings together 
experts in cognitive neuroscience, 
physiology and neuroimaging methods 
to understand brain function in health 
and disease. We have core interests in 
the neuroscience of parenthood and 
resilience to the ageing process. In 
2019, we discovered that parenthood 
conveys a protective effect against 
the ageing process in mothers, 
and that women continue to feel 
phantom foetal kicks for many years 
after the end of their pregnancy. We 
continued work in simultaneous MRI-
PET imaging, examining metabolic 
connectivity with high-temporal 
resolution functional PET. We are 
now applying this new technology to 
understand the relationship between 
metabolic connectivity and age-
related cognitive decline.  
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Figure 1. Network graph of the 
regions (nodes) associated with 
number of children a woman 
has parented. The nodes are 
weighted by the number of 
connections, whereby the 
nodes with a higher number 
of connections are larger. The 
connections between them 
(edges) are weighted by strength 
of the correlation between the 
nodes, such that edges with 
stronger connections are darker 
and thicker. 
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Project Summaries

Neuroprotective effects of motherhood 
on brain function in late-life

Edwina R Orchard, Phillip GD Ward, Sidhant Chopra, 
Elsdon Storey, Gary F Egan and Sharna D Jamadar

The maternal brain undergoes structural 
and functional plasticity during pregnancy 
and the postpartum period. Recent 
evidence suggests that the enduring effects 
of parenthood may be neuroprotective for 
brain structure. The effects of parenthood 
on the function of the human brain in late-
life are unknown.

Functional connectivity measures the 
temporal correlation in blood oxygenation 
level dependent signal between brain 
regions. Resting state functional 
connectivity indicates the intrinsic 
connectivity of the brain when it is not 
engaged in a specific task. To examine the 
relationship between brain function and 
number of children parented in the ageing 
parental brain, we correlated resting state 
functional connectivity of 82 brain regions 
with the number of children parented for 
220 elderly women and 252 elderly men. 
We also compared patterns of resting state 
functional connectivity with three different 
patterns of functional change in the ageing 
brain to assess whether these effects may 
be neuroprotective for the function of the 
ageing human parental brain.

The observed ‘maternal network’ showed 
widespread decreasing functional 
connectivity with increasing number of 
children mothered. The pattern of these 
results opposes the hallmarks of age-
related functional changes identified 
in previous studies of ageing; showing 
increased segregation between sub-
networks, decreased connectivity between, 
but not within networks, and decreased 
connectivity from the prefrontal cortex. 
Taken together, the observed maternal 
network opposes three different patterns 
of age-related functional brain changes, 
consistent with a neuroprotective effect 
of motherhood. This interpretation is in 
line with previous human and rodent 
literature, and paints a consistent picture 
of motherhood-related resilience in the 
ageing human maternal brain, and suggests 
functional effects that are both life-long and 
beneficial.

Metabolic and haemodynamic resting-
state connectivity of the human brain

Sharna D Jamadar, Phillip GD Ward, Emma Lian, 
Edwina R Orchard and Gary F Egan.

Resting-state connectivity analyses using 
different imaging modalities can provide 
unique perspectives on information transfer 
in the brain. FDG-PET provides a snapshot 
of cerebral glucose uptake; FDG-PET 
connectivity characterises covariation in 
glucose uptake across the brain. This 
‘metabolic’ connectivity is an important 
complement to BOLD-fMRI ‘functional’ 
connectivity, since FDG-PET represents 
a quantitative measure of neural function 
with fewer haemodynamic and vascular 
confounders. However, BOLD-fMRI has 
superior signal-to-noise, spatial and 
temporal resolution, and a more mature 
processing pipeline.

Multimodal MR-PET studies show modest 
overlap between BOLD-fMRI and FDG-
PET connectivity profiles, with different 
patterns of anterior-posterior and left-right 
connectivity. The static PET acquisitions 
used by these studies is their major 
limitation, as it provides a single cumulative 

measurement per subject, with connectivity 
estimated between-subjects.

We used continuous infusion FDG 
functional PET (FDG-fPET) to measure 
within-subject metabolic connectivity, whilst 
simultaneously measuring BOLD-fMRI 
connectivity. 

The strongest fPET connectivity was 
observed in frontal regions; between-
subject variance in connectivity was also 
highest in these regions. Conversely, the 
strongest fMRI connectivity was located in 
posterior regions, with highest variance in 
the sub-cortical and frontal regions.

fPET-fMRI connectivity correlations were 
higher in superior regions, and lower in 
sub-cortical regions. This pattern of results 
highlights the complementary strengths of 
these methods.

Figure 2. A. Spatial representation of the 
connection strength (region degree) in 
(top) fPET), (middle) fMRI. B. Cross-modal 
correlation for fMRI and fPET. 
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Computational & Systems Neuroscience Lab (CSN)

Our research vision is to perform 
cross-disciplinary research 
combining engineering, physics, 
and machine-learning approaches 
that are motivated by questions 
grounded in neurobiology. The 
research program priority areas 
include: 
• development of multi-modal 

and multi-scale non-invasive 
neuroimaging methods to 
characterise brain network 
dynamics;

• use of psychedelics in 
combination with computational 
modelling to understand neural 
mechanisms underlying altered 
states of consciousness; and

• development of neuroscience-
inspired artificial intelligence 
schemes to understand how 
parts of the brain (e.g. prefrontal 
cortex and cingulate cortex) 
perform decision-making.

Project Summaries

Dynamic causal modelling for resting 
state functional MRI

Dynamic causal modelling (DCM) is 
Bayesian framework to infer directed 
(causal) influences that one neural 
system exerts on the other – referred to 
as effective connectivity. The basic idea 
behind DCM is to formulate one or more 
models of how data are caused in terms 
of a network of distributed sources. 
These sources talk to each other through 
parameterized connections and influence 
the dynamics of hidden states that are 
intrinsic to each source. Model inversion 
provides estimates of their parameters 
and the model evidence. More recently 
a new DCM – referred to as spectral 
DCM – was developed which operates 
in the frequency domain rather than the 
time domain, and provides estimates of 
effective connectivity that underlie intrinsic 
functional connectivity during rest (Razi 
and Friston, 2016).

By capitalizing on recent developments 
in empirical Bayes and spectral DCM, we 
characterised the effective connectivity 
between and within large-scale resting 
state networks that exhibit well-known 
anticorrelation between the core 
subsystem of default network (cDN) and 
the salience network (SN) and dorsal 
attention network (DAN) (Figure 1). The 
three main findings of this work are: (1) 
using effective connectivity computed 
by spectral DCM, we could identify the 
brain networks that produce a canonical 
patterns of functional connectivity, (2) the 
between-network effective connectivity 
had an asymmetric hierarchy, such that 
the regions in the salience and the DAN 
showed inhibitory influence on the cDN; 
whereas the cDN exerted excitatory 
influence on the salience and the 
DANs, and (3) based on its connectivity 
with other intrinsic networks under 
consideration, the SN appeared to be 
highest in the hierarchy, suggesting that 
it may play an important role in switching 
anticorrelated networks. These findings 
add to our understanding of functional 
brain architectures from the perspective of 
directed connectivity.

Figure 1. Effective connectivity within and 
between each network. (A) Effective connectivity 
matrix of the 15 brain regions. The 3 networks, 
core default network (cDN), salience network 
(SN) and dorsal attention network (DAN,) are 
highlighted using black lines. Note also the 
asymmetric, directional and sparse nature of the 
connectivity matrix. (B) The nodes and effective 
connections within and between each network 
have been mapped onto cortical surfaces. The 
effective connectivity reported here is the same 
as in (A). For visualization, we separated the 
inhibitory connectivity (cyan) from the excitatory 
(yellow). (C) A schematic summarizing effective 
connectivity between each network.

Understanding neural basis of 
psychedelic induced altered states of 
consciousness
 

Lysergic acid diethylamide (LSD) is a 
psychedelic drug that reliably induces an 
altered state of consciousness. Interest in 
psychedelic compounds is growing due to 
their remarkable potential for understanding 
altered neural states and potential 
clinical applications. However, there are 
major knowledge gaps regarding the 
neuropharmacology of LSD. Using cutting-
edge neuroimaging methods – spectral 
dynamic causal modelling – we investigated 
directed connectivity between cortico–
striato–thalamo-cortical (CSTC) regions 
after administration of LSD. The design of 
the present study also involved the pre-
treatment of LSD with the serotonin 5-HT2A 
receptor antagonist ketamine and therefore 
allowed for investigation of the role of this 
specific receptor system in LSD-induced 
alterations in effective connectivity.

Our results provide evidence that LSD alters 
directed connectivity within CSTC pathways 
in humans (Figure 2), suggesting that a 
disintegration of information processing 
within these loops is underlying the 
psychedelic state. These results inform 
the neurobiology of altered states of 
consciousness with critical implications for 
rational development of novel treatments.
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Figure 2. Brain network connectivity changes 
among four brain regions posterior cingulate 
cortex (PCC), thalamus (Thal), temporal 
cortex (Temp) and ventral striatum (VS). (A) 
The contrast drug vs. placebo [Pla < (LSD + 
[Ket + LSD])] resulted in increased effective 
connectivity from the thalamus to the VS 
and the PCC to the VS. (B) The contrast 
5-HT2A blockade: Ket + LSD < LSD revealed 
increased effective connectivity from the 
thalamus to the VS and PCC, and from the VS 
to the Temp. Decreased effective connectivity 
was found from the PCC to the thalamus.
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Mechanisms of Neurodegeneration (MoND)

The Mechanisms of 
Neurodegeneration Research 
Group uses magnetic resonance 
imaging (MRI), positron emission 
tomography (PET), blood 
biomarkers, and behavioural 
phenotyping to investigate and 
track brain changes in people 
with neurodegenerative diseases. 
This work principally focusses on 
individuals with inherited subcortical 
diseases, including Friedreich 
ataxia, Spinocerebellar ataxias, and 
Huntington’s disease. 
The broad aims of our research 
include:
• biological phenotyping, such 

as describing changes in brain 
structure and function

• mechanistic inference, including 
cellular/molecular-level 
measurements of inflammation, 
oxidative stress, and metabolic 
dysfunction.

Our studies seek to provide more 
comprehensive disease descriptions 
and to identify measures relevant 
to track disease progression or 
treatment efficacy.

Project summaries

Mechanistic neuroimaging

Our flagship research program uses 
hybrid MR-PET technology, investigational 
PET radiotracers, and blood markers to 
investigate pathological processes and sub-
cellular measures of disease expression and 
progression. The techniques we employ are 
sensitive to neuroinflammation, oxidative 
stress/ferroptosis, iron homeostasis, 
vascular health, and systems-level brain 
structure and function. Within this program, 
we are recruiting study participants with 
Huntington’s disease, Friedreich Ataxia, 
Spinocerebellar Ataxia Types 1, 2, 3, and 
6, and cerebellar ataxia, neuropathy, and 
vestibular areflexia syndrome (CANVAS).

Recent results using the neuroinflammation 
PET tracer [18F]-FEMPA in a cohort of 
individuals with Huntington’s disease 
(HD), compared to healthy individuals, 
has revealed increased neuroinflammatory 
activity in select brain areas. The strongest 
effects occur in the striatum, the brain 
region most affected in HD, alongside more 
varied regions of the cortex. Ongoing work 
is relating these signals to the anatomical 
profile of neurodegeneration in HD. 

ENIGMA-Ataxia

Our group founded and coordinates 
the ENIGMA-Ataxia international working 
group (http://enigma.ini.usc.edu/ongoing/
enigma-ataxia/). Inherited ataxias are 
rare diseases, leading to most published 
literature relying on small sample sizes 
with limited statistical power, reliability, and 
generalisability.

ENIGMA-Ataxia was founded to harmonise 
and aggregate the analysis of existing MRI 
data in these diseases from around the 
world to pool our collective resources and 
overcome many of these limitations. The 
working group consists of 19 data sites and 
three methods groups from Australia, North 
and South America, and Western Europe. 
Analysis of brain morphometry, white matter 
integrity, and spinal cord structure are 
currently underway.

STAREE neuroimaging substudy

The ‘STAtins in Reducing Events in the 
Elderly (STAREE)’ clinical trial is a large-
scale study of the health impacts of statins 
in 10,000+ heathy individuals over the age 
of 70 years.

Our team is leading the STAREE 
Neuroimaging sub-study of 200 of these 
individuals, using a suite of MRI measures 
of brain morphometry, white matter integrity 
and vascular health.

Staff

Ian Harding
Group Leader, 
Mechanisms of 
Neurodegeneration

Figure 1. Greater selective uptake value 
ratio (SUVR) of [18F]-FEMPA in 6 individuals 
with symptomatic HD relative to 10 healthy 
controls, using the whole brain as the 
reference region.
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Figure 2. ENIGMA-Ataxia was founded to harmonise and aggregate the analysis of existing MRI data from around the world in inherited subcortical 
neurodegenerative diseases, to pool our collective resources and overcome many analysis limitations. The working group consists of 19 data sites and three 
methods groups from Australia, North and South America, and Western Europe.
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Neuroscience and Society

Project Summaries

Understanding the impact of real-time 
prescription monitoring

In 2018 more Victorians died from 
prescription medication overdose than from 
illicit drugs or road accidents. Addictive 
medications such as strong opioid 
painkillers and benzodiazepines, are the 
highest contributors to these drug-induced 
deaths. To address this issue, the Victorian 
Government has recently implemented a 
real-time prescription monitoring system 
called SafeScript. SafeScript uses a traffic 
light algorithm to place a green, amber 
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or red flag on every Victorian patient’s 
SafeScript profile to signify risk of harm 
from these medications. Prescribers 
and pharmacists are required by law to 
check SafeScript before prescribing or 
dispensing potentially addictive medicines. 
Similar programs in America have seen 
a number of unintended consequences, 
including increased stigma, dismissal from 
healthcare and increased overdose deaths 
from illicitly obtained alternatives such as 
heroin and fentanyl. It is unknown how this 
new technology is impacting the Victorian 
community. Understanding how SafeScript 
is being implemented in clinical practice and 
the impact it is having on people who use 
these medications is critical to mitigating 
potential harms and ensuring benefits from 
this new technology.

Dr Andrew 
Dawson
Postdoctoral Research 
Fellow
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Responsible innovation of psychedelic 
therapies

Recent years have seen the renewal of 
research interest in psychedelic therapies 
for the treatment of high-prevalence 
disorders such as depression, anxiety, 
post-traumatic stress and addiction. 
Early results from preliminary trials are 
promising, but the use of psychedelics 
in western medicine has a controversial 
history and strong associations with the 
countercultural movements of the 1960s. 
The potential for both hype and stigma to 
impede responsible innovation in this area 
is significant. This project is engaging with 
stakeholder groups to inform a responsible 
approach to psychedelic research that 
protects consumers whilst doing justice to 
the potential efficacy of these treatments.

Gambling by design

Losses disguised as wins occur when an 
electronic gaming machine (EGM) returns 
a small payout that is less than the initial 
wager (i.e. a net loss) and yet celebrates 
this event as though it were a genuine win, 
with associated animations and music. A 
number of recent behavioural experiments 
have suggested that this feature contributes 
to gambling harm and mistaken beliefs 
about gambling. These results suggest that 
current EGM designs are inconsistent with 
existing gambling regulation and Australian 
Consumer Law that prohibits conduct that 
is “likely to mislead or deceive” consumers. 
This project is exploring whether EGM users 
misperceive these events as true wins and 
contribute to gambling-related harm. The 
project aims to better understand whether 
this feature transgresses community 
expectations concerning gambling and 
community opinions on gambling policy 
reform concerning individuals affected by 
gambling harm.

Lived experiences of deep brain 
stimulation

Deep brain stimulation (DBS) has been 
used to treat over 200,000 individuals 
with movement disorders including 
Parkinson’s disease (PD) and is being 
trialed in psychiatric conditions such 
as major depressive disorder. Clinical 
research has consistently shown that 
DBS is effective in alleviating the motor 
symptoms of PD. However, studies have 
also identified unanticipated psychosocial 
changes following DBS, including changes 
in personality, identity, and interpersonal 
relationships. Little is known about these 
non-motor outcomes and how they impact 
on the lives of patients and their families. 
Narrative accounts are essential to better 
understand these changes and minimise 
negative effects. This study is investigating 
patient and caregiver experiences pre- 
and post-surgery in a neurological and a 
psychiatric population. These results are 
expected to guide clinical teams to ensure 
patients are fully informed about DBS and 
minimise negative psychosocial outcomes. 

These results are expected to guide clinical teams to ensure patients 
are fully informed about deep brain stimulation and minimise negative 
psychosocial outcomes.
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Neuroscience promises to 
revolutionise our ability to 
treat and prevent mental 
illness and neurological 
disorders through the 
use of powerful new 
technologies that allow us 
to monitor and manipulate 
brain activity, cognition and 
behaviour. The use of novel 
neurotechnologies also 
raises important ethical 
and social challenges. 
The Neuroscience and 
Society group conducts 
interdisciplinary research 
to translate neuroscience 
research into ethical 
treatments, social initiatives 
and public health policies 
that maximises benefit for 
all members of society, 
while minimising harm. 
Group members study the 

impact of neuroscientific 
perspectives on stigma, 
agency, authenticity, and 
moral responsibility as well 
as the use of emerging 
technologies such as deep 
brain stimulation, brain 
imaging, transcranial 
direct current stimulation, 
virtual reality and wearable 
technologies. Reports 
to key international and 
national government and 
multilateral organisations, 
including the World 
Health Organization, 
the Organisation for 
Economic Cooperation 
and Development, the 
Australian Government 
and the United Nations 
Office of Drugs and Crime 
have been prepared during 
2019.



Project summaries

Next generation imaging biomarkers for 
mild traumatic brain injury

Using the Alfred Research Alliance’s 
(ARA) state-of-the-art preclinical MRI, 
this ambitious 5-year research program 
will investigate the potential of chemical 
exchange saturation transfer (CEST) 
imaging to quantitatively assess glutamate 
and myo-inositol levels in an experimental 
model of mild TBI. 

Assessing glymphatic clearance in 
stroke, MND and TBI

One of the hallmarks of neurodegenerative 
disease is the accumulation of aggregated 
toxic proteins. These toxic waste proteins 
are removed from the brain by the 
glymphatic system, a waste clearance 
system for the brain that is largely 
disengaged during wakefulness and highly 
active during sleep. Recent evidence 
suggests that impairment of the glymphatic 
system may lead to the accumulation of 
aggregated toxic proteins and increased 
vulnerability to neurodegenerative 
disease. This innovative study will employ 
gadolinium enhanced contrast MRI (Gd-
MRI) to investigate glymphatic clearance 
in preclinical models of TDP-43 pathology, 
stroke (middle cerebral artery occlusion) 
and TBI (controlled cortical impact).

 

Led by Associate Professor David 
Wright, our lab uses cutting-
edge anatomical and molecular 
MR methods to improve our 
understanding of disease 
pathophysiology. With a strong 
focus on neurodegeneration, 
we work with experimental 
models of motor neuron disease, 
traumatic brain injury (TBI), stroke, 
Alzheimer’s disease and epilepsy, 
and validate our imaging results 
with a wide array of physiological 
and histological measures. 
Employing a bench-to-bedside-to-
bench approach, once validated 
these biomarkers are translated 
to the clinical setting to improve 
patient outcomes.

Novel biomarkers of TDP-43 pathology

One of the hallmarks of Motor Neuron 
Disease pathology is the accumulation 
of TDP-43 protein inclusions in the 
cytoplasm. Using next-generation 
imaging techniques such as CEST 
and quantitative susceptibility mapping 
(QSM) we aim to identify microstructural 
and metabolic changes following TDP-
43 protein aggregation and relate to 
these behavioural and histopathological 
measures.

Chronic outcomes of TBI 

Together with A/Prof Lyndsey Collins-
Praino from the University of Adelaide, we 
are investigating long-term structural and 
microstructural outcomes following mild 
TBI, repeated mild TBI and severe TBI. 
In addition to investigating changes to 
the brain, we are also exploring whether 
advanced diffusion-weighted imaging can 
detect remote degeneration of the spinal 
cord.

Mouse penis atlas

In collaboration with A/Prof Andrew Pask 
and Dr Gerald Tarulli from the University 
of Melbourne and Dr Katie Ayers from the 
Murdoch Children’s Research Institute, we 
are currently working on the next iteration 
of the Adult Mouse Penis Atlas. Using MR 
contrast agent and state-of-the-art cryocoil 
technology we have achieved an isotropic 
resolution of 15 μm to date.

 Dr. Akram Zamani
 Post-Doctoral Researcher 

 Georgia Fuller Symons
 PhD Candidate

 Raysha Farah
 BMedSc (Hons) student
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Recent evidence suggests that impairment of the glymphatic system 
may lead to the accumulation of aggregated toxic proteins and 
increased vulnerability to neurodegenerative disease.

40

Wright Lab

Figure 1: At left: State-of-the-art 
mouse brain tractogram reconstructed 
from ultra-high-resolution DWI shows 
exquisite white matter fibre detail. Arrow 
points to corpus callosum damage 
following a traumatic brain injury. 
Scale bar = 300 μm. At right: DWI 
tractography in the mouse heart to track 
muscle fibres.

Linked Labs
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Imaging Biomarkers

Diffusion-weighted imaging (DWI)

DWI enables a wide array of different image 
contrasts to be reconstructed and is a 
powerful tool for investigating the subtle 
white matter changes that occur early in 
neurodegenerative disease.



Wright Lab

Figure 2. Z-Spectra acquired using an in-
house sequence and subsequent chemical 
exchange saturation transfer (CEST) 
analysis of the brain following injury. 
Amine, amide and the nuclear Overhauser 
effect (NOE) are quantified using a multi-
Lorentzian fit of the Z-spectra and provide 
novel insight into metabolite disturbances 
following adolescent TBI.

Chemical exchange saturation transfer 
(CEST)

Chemical exchange saturation transfer 
(CEST) is a next-generation MRI technique 
for the detection of proteins and peptides 
or various metabolites such as glucose, 
creatine and glutamate. The potential 
to obtain metabolite information at the 
molecular level with a spatial resolution 
comparable to conventional MRI makes 
CEST a promising imaging technique for 
assessing neurodegeneration, glioma and 
TBI. 

Quantitative susceptibility mapping 
(QSM) 

T2*-weighted imaging is an efficient 
method for visualising the whole brain at 
high resolution and like diffusion weighted 
imaging, also offers additional contrasts 
including susceptibility weighted images 
and quantitative susceptibility maps or 
QSM. QSM is a relatively recent technique 
that is sensitive to calcifications, micro 
bleeds and demyelination. Together with 
Professor Robert Medcalf, we are currently 
investigating amyloid-plaque burden in 
the APP/PS1 mouse model of Alzheimer’s 
disease. 

 

MR Angiography

Time of Flight Angiography detects blood 
flow without the use of a contrast agent. 
Using MR angiography we can detect 
blood flow alteration, haemorrhage and 
cerebrovascular abnormalities in the brain 
and are currently employing this technique 
in models of TBI and stroke.

Figure 4. Maximum intensity projections 
images reconstructed from Time of Flight 
imaging in the rat brain. 

Figure 3. Magnitude, phase, negative 
phase map SWI, positive phase map SWI 
and QSM images for control and APP/PS1 
mice at 12 months of age. To increase 
imaging efficiency and reduce scan costs, 
eight mouse brains were scanned together 
in one imaging session at 45 μm isotropic 
resolution.
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Grants

MBI

ARC Centre of Excellence CE140100007. ARC Centre of Excellence for Integrative 

Brain Function. Egan et al (2014-20).

ARC Linkage Project. Simultaneous to synergistic MRPET: integrative brain imaging 

technologies. Egan, Jamadar, Chen, Premaratne, Fornito, Schmitt, Gaass, Shah (2018-21).

ARC Linkage Project. From simultaneous to synergistic MR-PET: integrative 

technologies to image the ageing brain. Egan, Jamadar, Chen, Premaratne, Fornito, 

Schmitt, Gaass, Shah (2018-21).

NHMRC Emerging Leader Fellowship. A connectomic approach to understanding 

cerebrovascular disease in the elderly. Ward (2020-2024).

NHMRC Project Grant. The pulvinar is instrumental in the development of visual system 

cortical networks. Bourne, Leopold, Egan (2018-21).

Siemens MoCo contract research project: Development of motion correction strategy 

for quantitative MR-PET imaging. Chen, Pawar, Sforazzini, Zhong (2018-2020).

Monash Institute of Medical Engineering. Travel Grant. Ward (2019).

ARC Centre of Excellence for Integrative Brain Function. International Travel Award. 

Ward (2019).

ARC Centre of Excellence for Integrative Brain Function. Caregiver Grant. Ward (2019).

BrainPark 

ARC Discovery Project. How inhibition shapes human brain oscillations and working 

memory capacity. Rogasch, Fornito, Hawi, Yücel (2017-19).

NHMRC Principal Research Fellowship. Enhancing and integrating addiction 

neuroscience knowledge with clinical practice, by transforming the approach 

to assessment and classification protocols, and improving outcomes by using 

neurocognitive phenotypes for tailored treatments. Yücel  (2017-21).

NHMRC Project Grant. Efficacy of a 3-month aerobic exercise regime for restoring 

‘brain health’ in heavy cannabis users. Yücel, Solowij, Coxon, Lubman (2018-2021).

NHMRC Project Grant. Cannabidiol may protect the brain against the harmful effects of 

marijuana. Yücel, Solowij (2018-2021).

NHMRC Project Grant. MonCOG: Validating a neurocognitive framework and 

developing a purpose-built assessment tool for addictions. Yücel, Lee, Chamberlain 

(2019-2020).

NHMRC Equipment Grant. HP Cosmos quasar med 3p with PDM2i treadmill. Yücel, 

Segrave, Coxon, Callisaya (2019-2020).

The David Winston Turner Endowment Fund. Addiction and obsessive-compulsive 

disorder project: Integrating neuroscience into the clinic. Yücel, Fontenelle, Cornish 

(2015-21).

The Wilson Foundation. The Wilson-BrainPark Research Fellow, Exercise Physiologist 

and Research and Administrative Officer. Yücel, Segrave (2019-2023).

Cientista de nosso Estado (Scientist of Our State) fellowship. Fontenelle (2017-2020).

Monash University. Faculty of Medicine, Nursing & Health Sciences Bridging 

Postdoctoral Fellowship. Chye (2019).

Neural Systems and Behaviour

ARC Discovery Project: How inhibition shapes human brain oscillations and working 

memory capacity. Rogasch, Fornito, Hawi, Yücel (2017-19)

ARC Linkage Project: From simultaneous to synergistic MR-PET: integrative 

technologies for imaging the ageing brain. Egan, Jamadar, Chen, Premaratne, Fornito, 

Schmitt, Gaass, Shah (2018 -2021)

Monash University Bridging Postdoctoral Fellowship: Chye (2018-2022).

NHMRC Project Grant. A dimensional approach to mapping the risk mechanisms of 

mental illness. Fornito, Bellgrove, Yücel, Fulcher, Hawi (2018-2022).

Sylvia and Charles Viertel Foundation Senior Medical Research Fellowship. Maps, 

models and modifiers of brain changes in psychosis. Fornito (2018-2022). 

MoNoC 

ARC Discovery Project. Multimodal testing for a fast subcortical route for salient visual 

stimuli. Garrido, Tsuchiya (2018-2020).

ARC Discovery Project. Neural origins of conscious perception in no-report paradigms. 

Tsuchiya, Oizumi, Kawasaki, Tononi (2018-2020).

NHMRC Early-Career Fellowship. Fathoming sleep depth: a novel approach to the 

understanding and assessing of sleep-state misperception in insomnia. Andrillon 

(2020-2024).

NHMRC Ideas Grant. Integrating theory-guided and data-driven approaches for 

measuring consciousness. Tsuchiya, Fulcher, Carter, Andrillon, Hogendoorn (2020-

2024).

FQXi mini grant. Intelligence and consciousness in the physical world. Tsuchiya, Modi, 

Pollock, Hohwy (2020).

HFSP Long-Term Fellowship. The origin of thoughts: neural mechanisms of 

spontaneous thought generation in wakefulness and sleep. Andrillon (2018-2020).

Japan SPS. Discovery of the neuronal mechanisms within sensory cortical areas that 

supports fear memory. Koizumi, Tsuchiya (2018-2021).

Padova Neuroscience Center, University of Padova. Testing the integrated information 

theory in a real system: the case of consciousness of others’ emotions. Sessa, 

Tsuchiya (2019).

Templeton World Charity Foundation. Intelligence and consciousness in flies. Tsuchiya 

(2017-2019).

Monash University Interdisciplinary Research Scheme. Measuring consciousness using 

methods in physics. Andrillon, Modi, Pollock, Tsuchiya (2019). 

Monash Platform Access Grant. Are wake and sleep intertwined phenomena? Insights 

from EEG experiments in humans. Andrillon, Windt, Bei (2018-2020).

ARC Centre for Integrative Brain Function Strategic Initiative Project. Tsuchiya, 

Arabzadeh, Kheradpezhouh Lee, Andrillon, Leung, Kawashima (2019-2020).

National Computational Merit Allocation Scheme. 250,000 CPU-core hours. Tsuchiya 

(2020)

Melbourne School of Psychological Science (MSPS) MRI support funding. 20 hours of 

7T fMRI. Dzafic, Garrido, Tsuchiya, Carter (2019).

ICON 

ARC Discovery Project.  Linking arterial, brain and cognitive integrity in healthy older 

adults. Karayanidis, Fabiani, Gratton, Jamadar, Levi, Steyvers (2020-2022).

ARC Discovery Project. Modelling trajectories of cognitive control in adolescents and 

young adults. Karayanidis, Forstmann, Steyvers, Jamadar, Hawkins, Lenroot, Michie 

(2017-2019).

NHMRC Ideas Grant. Circadian mechanisms for antidepressant medication treatment. 

Cain, Phillips, Drummond, Jamadar, Sundram (2020-2022).

NHMRC Emerging Leader Fellowship. Neural metabolic connectivity in ageing and 

neurodegeneration. Jamadar (2020-2024).

Monash University Strategic Support Funds. The effect of chronic SSRI use on the 

brains response to light. Cain, Jamadar, McGlashan, Drummond, Phillips (2019).

CSN 

ARC Discovery Project. Multiscale and multimodal modelling of brain dynamics. Razi 

(2020-2022). 

ARC Discovery Early Career Research Award (DECRA). Razi (2018-2020).

Monash University Strategic Support Funds. The neural dynamics of attentional lapses: 

evidencing the involvement of local sleep using brain imaging and modelling. Razi 

(2019-2020).

Monash University Strategic Support Funds. Treating obesity with brain stimulation. 

Razi (2019-2020).

Monash University Interdisciplinary Research Scheme. Insights into the therapeutic 

potential of psychedelic medicine for anorexia nervosa: from reinforcement learning 

and adaptive behaviour to consciousness and self. Razi (2020-2021)

MoND

NHMRC Ideas Grant. Neurodegeneration in Spinocerebellar Ataxias: Biomarkers, 

Mechanisms, and Variability.  Harding, Storey. Klockgether, Thompson (2020-2024)

NHMRC Project Grant. The Neurocircuitry of Food Choice in Obesity. Verdejo-Garcia, 

Andrews, Lockie, Harding (2018-2022)

NHMRC Early Career Fellowship. Mapping Brain Network Interactions in 

Neurodegenerative Disorders of the Subcortex. Harding (2016-2020)

Friedreich Ataxia Research Alliance (USA). Neuroinflammation in Friedreich Ataxia: 

Mechanism, Biomarker, and Therapeutic Target. Harding, Corben, Delatycki, Egan, 

Georgiou-Karistianis (2019-2021). 

Takeda Pharmaceuticals (USA), Investigator-Initiated Collaborative Research. ENIGMA-

Ataxia Research Consortium. Harding (2020).

The Heart Foundation. Prevention of Stroke in Older Australians. Zoungas, McNeil, 

Storey, Reid, Nelson, Liew, Tonkin, Poulter, Stewart, van der Velde, Wolfe, Harding, 

Lacaze (2019-2023). 

Neuroscience and Society 

NHMRC Career Development Fellowship in Public Health. “Translating neuroscience 

into treatments and public health policies for addictive behaviours. Carter (2017-2021). 

Monash University Interdisciplinary Research Scheme. AI for older Australians in aged-

care facilities: challenges and opportunities. Carter (2019-2020). 

Turner Institute for Brain and Mental Health Community Engagement Grant. 

Understanding the impact of Real-Time Prescription Monitoring on the Victorian 

community: Insights from the Pharmaceutical Helpline. Carter (2019-2020).

Turner Institute for Brain and Mental Health Industry Grant. Brain training games in 

Minecraft: Education edition – a proof-of-concept study. Carter (20198-2020).

Wright Lab

NHMRC Investigator Grant. Next Generation Imaging Biomarkers for Mild Traumatic 

Brain Injury. Wright (2020-2024).

NHMRC Investigator Grant. Investigating the Intersection Between Sleep, Pain, and 

Mild Traumatic Brain Injury: What is the Role of the Orexin System. Mychasiuk (2020-

2024).

NHMRC Investigator Grant. - Developing new treatments and identifying biomarkers to 

enable transformational, precision medicine based care for patients with drug resistant 

epilepsy. O’Brien (2020-2024).
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Collaborations 

Victorian Biomedical Imaging Capability 
The Victorian Biomedical Imaging 
Capability (VBIC) is the peak body for the 
biomedical research imaging community 
in Victoria. Current VBIC members include 
Monash University, The Florey Institute 
of Neuroscience and Mental Health, 
the University of Melbourne, Swinburne 
University, and the Olivia Newton John 
Cancer Wellness and Research Centre. The 
business development and management 
activities of VBIC are undertaken by 
Neurosciences Victoria. During 2019 
VBIC was prominent in the promotion of 
biomedical imaging research within Victoria 
with the VBIC Annual Network meeting held 
at Swinburne University in November. The 
meeting focused on artificial intelligence 
and machine learning techniques in medical 
imaging, and included presentations of 
major national imaging research programs 
led by researchers from VBIC member 
organisations. The program included 
presentations by industry panel members 
followed by discussions of activities and 
strategies for greater cooperation between 
commercial organisations and biomedical 
imaging researchers.

Monash Health
Clinical imaging staffing arrangements at 
MBI are undertaken in partnership with 
Monash Health. In 2019 Monash Health 
provided radiographers and nuclear medicine 
technologists to operate the clinical MRI and 
MR-PET scanners at MBI. Monash Health 
staff also provide research support to users 
from industry in addition to users from tertiary 
and research institutions. 

National Imaging Facility
The National Imaging Facility (NIF) was 
established in 2007 with funding from 
the National Collaborative Research 
Infrastructure Scheme (NCRIS) and is now 
the peak imaging research infrastructure 
network across Australia. Monash University 
is one of the 12 nodes of the Facility and as 
a member of NIF provides access to the MBI 
and ARA-MBI biomedical imaging facilities 
to researchers across Australia. The National 
Imaging Facility received additional NCRIS 
funding for the period 2018-23 to expand 
and strengthen the national infrastructure. 
Monash received funding for expansion of 
the radiochemistry facilities at MBI and for 
an additional staff member in 2019 with 
radiochemistry expertise, and funding to 
establish a cyclotron facility.

Julich Forschungszentrum, Germany
MBI has a long-standing collaboration with 
Jülich Forschungszentrum (FZJ), Germany 
in the field of hybrid MR-PET imaging. FZJ 
leads a Helmholtz innovation Fund project to 
develop a next generation BrainPET scanner 
for ultrahigh field 7 Tesla MR-PET imaging 
of the human brain. Under the Helmholtz 
Validation Fund project, MBI and FZJ have an 
agreement to exchange staff and students 
between the facilities in Melbourne and 
Germany in order to promote knowledge 
transfer and exchange, and to develop 
new simultaneous MR-PET applications to 
enhance and expand the capabilities and 
offerings at MBI. The project has progressed 
through the design and assembly stages with 
simulation results indicating that the scanner 
will achieve sub-2mm spatial resolution 
PET images. Completion of the assembly is 
scheduled for late 2020 with the first human 
brain scans planned for mid 2021. Members 
of the MBI Image Analysis team have 
responsibility for the PET attenuation and 
motion correction algorithms required for the 
integrated system. 

Helmholtz Zentrum Dresden Rosendorff 
(HZDR)
Monash University and the Helmholtz 
Zentrum Dresden Rosendorff (HZDR) have 
collaborated in chemistry research over 
the past 15 years. The two institutions 
have a long standing and successful 
collaborative research in the development 
of radiopharmaceuticals, including 
ultrasmall nanomaterials for imaging, 
immunotherapeutics based on antibodies, 
recombinant derivatives thereof, and 
cellular therapies based on immune effector 
cells. The partners have complementary 
expertise in imaging and treatment in the 
fields of cancer and heart disease, and both 
institutions are equipped with world-class 
biomedical imaging platforms. The current 
research focus includes the development 
and clinical translation of switchable cellular 
radio-immuno-theranostics for imaging and 
treatment of tumours.

CSIRO
The collaboration between MBI and CSIRO 
researchers strengthened substantially 
during 2019. New projects in brain cancer 
have been undertaken in the MedTech (M2) 
initiative, a joint venture between Monash 
University and CSIRO to drive biomedical 
materials translation via the Biomedical 
Materials Translational Facility. An MR 
guided focused ultrasound instrument 
with the capability to provide focused and 
targeted ultrasound pulses in animal models 
was relocated from CSIRO to MBI and 
installed into the preclinical MR scanner. 
The technology has the potential in rodent 
models to open the blood brain barrier for 
the delivery of blood borne therapeutics into 
the brain in experimental therapies. The state 
of the art MR imaging and guided focused 
ultrasound capability is available to all 
researchers on request. 
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ARC Centre of Excellence for Integrative 
Brain Function
Led by Monash University, the Australian 
Research Council Centre of Excellence for 
Integrative Brain Function (Brain Function 
CoE) aims to understand how the brain 
interacts with the world. By focusing on 
the complex brain functions that underlie 
attention, prediction and decision-making, 
Centre researchers are undertaking 
fundamental investigations into the principles 
of brain structure and function. The Centre is 
a collaboration between Monash University, 
the University of Queensland, the University 
of Sydney, the University of New South 
Wales, the Australian National University, the 
University of Melbourne and international 
partner institutions from Europe, North 
America and Asia. A number of Centre Chief 
and Associate Investigators, postdoctoral 
Fellows and PhD student Scholars are based 
at MBI and extensively use MBI’s world-
class research imaging facilities. The Centre 
provides the opportunity for MBI-based 
researchers to collaborate with researchers 
in a unique program addressing one of the 
greatest scientific challenges of our time - 
understanding the link between brain activity 
and human behavior. 

Alfred Health
During 2019 a clinical neurosciences 
research imaging collaboration was 
established between MBI and the 
Departments of Medical Imaging and Clinical 
Neurosciences at the Alfred Hospital. 
The partnership includes the University of 
Southern California, Los Angeles and the 
ARC Centre of Excellence for Integrative 
Brain Function. The objectives of the 
partnership are to facilitate the exchange 
for research utilisation of medical images 
between campuses of Monash University, 
to advance the use of artificial intelligence 
technologies for the reconstruction and 
analysis of biomedical images, and to 
establish a platform for the integration of 
medical imaging across the University. 

Partnerships

Siemens
Monash University and Siemens 
Healthcare established a collaboration 
agreement in 2010 to support the 
establishment of biomedical imaging 
research infrastructure at Monash. The 
agreement enables Monash scientists 
to access pre-commercial MR, PET and 
CT imaging technologies that provide 
opportunities for Monash researchers 
to undertake innovative studies using 
novel advanced techniques. The 
collaboration has resulted in a major 
ARC Linkage Project grant to build 
software technologies for joint MR-PET 
image reconstruction and modelling. The 
project commenced in 2019 and has so 
far resulted in three joint presentations at 
international conferences. 

Bruker 
The new Bruker 9.4T MRI scanner at 
the Alfred Research Alliance – Monash 
Biomedical Imaging node at the Alfred 
Hospital became fully operational 
in 2019. The facility has generated 
significant interest amongst preclinical 
users as the use of cryocoil technology 
provides a major signal to noise 
improvement for ultrahigh high contrast 
imaging applications. In conjunction 
with the acceptance of the new 9.4 T 
scanner at ARA-MBI and the upgrade 
of the scanner at the Clayton node, 
Bruker reaffirmed their commitment to 
the provision of comprehensive local and 
international support to ensure optimal 
utilisation of the advanced preclinical MR 
imaging technologies. 

Mediso
The preclinical PET-CT scanner at the 
ARA-MBI node became operational in 
early 2019 and provides high-sensitivity, 
high-resolution PET-CT imaging to 
support applications in neuroscience, 
cardiovascular, oncology and infectious 
disease research applications. The PET-
CT scanner was supplied by Mediso 
Medical Imaging Systems, Hungary 
and installed with a universal animal 
handling platform for large axial field-
of-view imaging to allow rapid scanning 
and reconstruction of up to four mice 
concurrently.

Magnetic Insight
Monash University received an 
equipment grant from the Australian 
Research Council in 2019 to establish 
the first Magnetic Particle Imaging (MPI) 
facility in Victoria. MPI is a breakthrough 
technology with applications in the 
fields of cell tracking, material science 
and biotechnology. A novel alternating 
magnetic field technology is used 
to detect the magnetic properties of 
iron-oxide nanoparticles that is able to 
produce images faster than Position 
Emission Tomography and with higher 
sensitivity than Magnetic Resonance 
Imaging. The MPI Facility will be 
provided by Magnetic Insight, USA and 
located at the Alfred Research Alliance 
– Monash Biomedical Imaging node. 
The Facility promises to contribute to 
the generation of new knowledge in the 
nanotechnology, molecular imaging and 
industrial biosciences research sector.

Collaborations & Partnerships

53



MONASH
BIOMEDICAL
IMAGING

Monash Biomedical Imaging

Monash University

770 Blackburn Road

Clayton VIC 3800

Telephone: (03) 9905 0100

Email: enquiries.mbi@monash.edu

platforms.monash.edu/mbi/ 

All information contained in this document 

is current at the time of publication. Monash 

University reserves the right to alter this 

information at any time (should the need arise). 

Please check the Monash University website for 

updates: www.monash.edu

Published May 2018.

CRICOS provider: 

Monash University 00008C

www.monash.edu
Quality 
ISO 9001


