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Introduction

Centre Director

In the CIUS annual report for 2017
you will find an overview of the
tangible results we have obtained.

As you will see, the activity has increased in all areas since 2016.
However, CIUS is so more than the number of PhD and Postdoc
positions, papers accepted and IPR reported, which you can read
up on in this report.

For instance, CIUS strengthens the bonds, intellectual exchanges

and collaborations between academic partners in CIUS and their
international colleagues. This is exemplified by the UltraSound
ToolBox developed by the University of Oslo and NTNU, in collaboration
with the University of Lyon and John Hopkins University. The

toolbox facilitates the comparison of imaging techniques as well as
dissemination of research results, thereby bringing CIUS members,
partners, and the international ultrasound community closer together.

Further, an advantage of an SFl organization is the many formal and
informal meetings in which the PhDs and Postdocs in CIUS get to
present and discuss their work with CIUS partners in and outside their
field of research. This stimulates transdisciplinary thinking and opens
the mind to novel applications. Such exposure, together with CIUS
specific training of our Candidates, are aimed at preparing them for
tomorrow’s job market.

In 2017, we have worked specifically on establishing the best
methodology for identifying innovations in CIUS and bringing these

to the attention of all CIUS members to fully realize the potential of
the innovations across the health, maritime and oli&gas sectors. The
addition of the industry liaison, Dr. ing. Svein-Erik Masgy, in 2017 was
a very important step in this work.

The talented and dedicated people in CIUS make it a great centre to
run and the many different research areas ensure it is never dull.

| want to thank everyone in CIUS for their efforts in 2017, and look
forward to 2018 with new challenges and victories. | want to thank the
Research Council of Norway for their economic support and helpful
administrative staff.

A big thank you to our partners for their economic support, intellectual
contributions and for sharing their experiences in how to get from

an idea to a commercially successful product. They are providing the
opportunity of rapidly assessing the feasibility of new technologies
emerging from CIUS in patients.


http://www.ustb.no
http://www.ustb.no

Annual Report 2017
Introduction

Dean

The SFI CIUS encapsulates
several of the strategic research
goals of NTNU and the Faculty of

Medicine and Health Sciences.

The research in CIUS reflects the span of activities at the Faculty, and
includes technological development as well as clinical studies. CIUS
current work builds on a longstanding tradition of close collaboration
between academic research at NTNU and Norwegian ultrasound industry.
In CIUS, new partners from the maritime and oil & gas industries have
been brought in, setting an example for multi-disciplinary research and
an inclusive culture which is needed to succeed in the future both as an
academic institution and in creating value for the society.

Building and nurturing an innovation culture and honing entrepreneurial
skills are important parts of NTNUs mission to meet future challenges.
An SFlis a unique arena to expose and teach the next generation
scientists and researchers these skills. As CIUS host, we are happy to see
that the mechanisms implemented in CIUS for identification of innovation
potential has led to four Disclosures of resulting IPR in 2017 alone, and
that two of these are of commercialization value for CIUS corporate
partners.

CIUS 2017 annual report demonstrates the range of activities in CIUS just
during the last year and how they come together despite seemingly quite
diverse. We are proud to present CIUS 2017 results, and look forward to
the new developments and results in 2018.

Indeed, CIUS activity sums up the goal of the strategic research Area
NTNU Health: Innovative solutions to complex (health) challenges.



Introduction

Board Leader

2017 has been an exciting year
for the CIUS programme. This
is our second full year and the
projects are gaining momentum
and results are produced.

One of our key goals with CIUS is to create innovations by synergies
between the different partners; in Oil & Gas, Healthcare and Maritime
business areas. This is already progressing quite well with collaboration
research in both WP1 and WP2 for electronics, transducer and
beamforming techniques with potential benefits for partners from all
business areas.

Example: Common electronic components for Healthcare and Maritime,
at NTNU. Common transducer technology for Healthcare, Maritime and
Oil & Gas at USN. Common beamforming technology for Healthcare and
Maritime at UiO.

Also, new research projects between CIUS partners together with new,
smaller partners, were started last year.

Example: Industry partners GE Vingmed Ultrasound, Sensocure og
Medistim, with academic research partners SINTEF Raufoss Manufacturing,
Norner Research AS and University College of Southeast Norway, were
granted production technology research project from the Norwegian
Research Council. The project, Advanced manufacturing technologies for
high impact medical devices, is of a 3-year duration.

There is quite a few very exciting projects in CIUS and adjacent
programmes, many of them with great potential. One of my favorites is
nanotechnology combined with ultrasound for chemotherapy treatment.
Microbubbles containing nanoparticles with chemotherapy are injected into
the bloodstream. Ultrasound is then used to both deploy the particles into
the cancer cells itself and then to activate the drug. This project has all
the elements of a successful research collaboration: Nanotechnology from
SINTEF and NTNU, microbubbles from Phoenix Solutions, state-of-the-
art transducer technology from USN and NTNU, therapeutic and imaging
ultrasound techniques from SINTEF, NTNU and USN, clinical testing with
St.Olavs hospital and industry partnership with Phoenix Solutions for
commercialization. And most important of all: If successful, this will both
save lives and improve the quality of life for many cancer patients.

The development of competency and contacts between industry partners
and academia by the CIUS research effort is important for the Norwegian
ultrasound industry. There is great potential for innovative solutions
securing continued activity in existing companies as well as the creation of
new industry companies.
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CIUS will deliver novel ultrasound technology solutions for the benefit of the involved partners,
new diagnostic tools for the benefit of patients and the healthcare providers, important knowledge
disseminated in highly recognized scientific journals, and skilled personnel to further exploit the
future potential of ultrasound imaging in Norwegian industries, healthcare and academia.

New Ultrasound

Knowledge and Technology PATIENTS, SOCIETY Healthcare
AND ENVIRONMENT

Improved quality of Life
Safer environment

ACADEMIA/RESEARCH
Increased knowledge and competence
Feasibility Studies Superior education and research Maritime
Improved interaction with industry

INDUSTRY
New products and applications
Increased competitiveness

_ _ Recruitment of competence _
Innovations/New Practice 0il & Gas



About CIUS

Concept

The Centre for Innovative
Ultrasound Solutions (CIUS)
combines frontier academic

research in ultrasound
technology development with
innovation in leading Norwegian
ultrasound companies working in
medical, maritime, and oil & gas
application areas.

In medicine, improved diagnosis of coronary heart disease, the leading
cause of mortality worldwide, is strongly needed. In the maritime sector,
long-term monitoring of subsea structures and organisms for safer

and more efficient harvest of ocean resources is required. In oil & gas,
there is a particular need for better monitoring of well integrity and

of pipelines and risers for increased oil recovery and avoiding serious
environmental incidents.

Ultrasound technology as used in the three sectors has a tremendous
unexplored potential for meeting future challenges. In CIUS, industry,
academia, public institutions, and private research foundations join
forces and explore synergies across disciplines, leveraging next-
generation ultrasound technology for a better world. Key ultrasound
research tasks will be within transducer design, acoustics and image
formation, Doppler and deformation imaging, as well as image analysis
and visualization. By applying these technologies to specific innovation
goals within each sector, significant business opportunities in the
international market will be achieved. CIUS will by unique competence
and innovations, secure long-term competitive advantage within areas
where Norway is internationally recognized for excellent research,
innovation, and product deliveries.

CIUS is hosted by the Department of Circulation and Medical Imaging,
Faculty of Medicine and Health Sciences at the Norwegian University

of Science and Technology (NTNU]J, Norway’s largest university.

The ultrasound group at NTNU is known for their expertise within
ultrasound research and innovation in healthcare through 40 years.
Expertise and research facilities are joined in a virtual laboratory
organization including selected Norwegian academic institutions and
important cornerstone enterprises as well as several small-to-medium
enterprises (SMEs] in Norway. CIUS encompasses 4 research partners,
11 industrial/corporate partners and 5 healthcare user partners.
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About CIUS

Methodology

The research methodology in CIUS
Is an iterative process between
curiosity-driven technological
development and user-involved
feasibility studies in laboratories
in maritime and oil & gas
settings, and in the clinic.

Overarching
Goals

A close interaction with user partners will ensure that all projects
initiated are based on the future needs in the different sectors. A large
multidisciplinary research environment is now established across
geographical locations (NTNU, Trondheim- UiO, Oslo - USN, Horten),
which include scientists and engineers with backgrounds in acoustics,
physics, mathematics, electronics, and computer science. Medical
doctors and other healthcare personnel are included in clinical studies.
Most of the budget is allocated to researcher training at the PhD and
Postdoc level.

The aim of these activities is to identify new innovations that can be
brought to the market by our corporate partners. The ultimate goal is
that the new innovations created in CIUS will generate a large positive
impact for Norwegian ultrasound research, the CIUS corporate partners
and the healthcare sector.

To be a world-leading centre for research and
innovation in next-generation ultrasound imaging,
improving patient care, harvesting of ocean resources,
and for environmental monitoring and safety.

To extend and strengthen the innovation culture with
emphasis on rapid translation from idea to practical
applications and solutions needed to facilitate new
growth for the industries.

To be the main educational and knowledge centre for
ultrasound technology to ensure sufficient competence
and recruitment needed by Norwegian industries,
academia, and the healthcare sector.



About CIUS

Organization

SFICIUS s hosted by the
Faculty of Medicine and

Health sciences (MH) at the
Norwegian University of Science
and Technology (NTNU), and
localized to the Department of
Circulation and Medical Imaging.

Physically the academic research activity is divided across four institutions:
NTNU, University College of Southeast Norway (USN]J, University of Oslo
(Ui0), and SINTEF. SFI CIUS has 11 corporate partners; GE Vingmed
Ultrasound, Medistim, Aurotech and Phoenix Solutions within the
medical sector; and Statoil, Halfwave, Sensorlink, Inphase Solutions and
Archer BTC within the oil & gas sector; Kongsberg Maritime within the
martime sector and X-Fab for advanced analog and mixed-signal process
technologies. In addition there are five user partners within the medical
health provision sector; St. Olavs hospital, Mid-Norway Regional Health
Authorities, Nord-Trgndelag Hospital Trust plus Levanger and Verdalen
Community Health Services.

The research activity is divided into 9 work packages (WPs). USN is
responsible for WP1, UiO for WP2 while WP3-7 are located to NTNU.

WP8-9 are in collaboration with the industrial partners and headed by
CIUS’ industrial liaison. Activity connected to WP1 and WP2 is also localized
to the CIUS host. There is extensive collaboration across WPs, and an
iterative process between development of new technologies in WP1-4 and
their validation and feasibility testing in WPs 5-9 is critical to SFI CIUS'
success.

The daily activity of the centre is overseen by centre Director Professor
Asta Hdberg. Further, the CIUS administration includes Industry Liaison
Svein-Erik Masgy, the Project Coordinator and Administrator Christina
Kildal, Communication and Web Officer Kari Williamson, Intranet
responsible Sigrid Berg and Financial Advisor/Project Economist Vegard
Nyhus.

Each WP has a primary investigator (Pls) who oversees the respective
WP's research activity. All CIUS activities are supervised and directed by
a working Board of Representatives consisting of nine members with a
majority from the corporate partners. The Board Chair is Eva Nilssen,
Director of R&D GE Vingmed Ultrasound.
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About CIUS

Board Leader Eva Nilssen,
GE Vingmed Ultrasound

Dean Bjgrn Gustafsson,
NTNU

Centre Director Asta Haberg,

NTNU

Industry Liason
Svein-Erik Mésgy, NTNU

Appointed Board Representatives:

Fredrik Varpe, Statoil

Frank Tichy, Kongsberg Maritime
Petter Aadahl, St. Olavs hospital

Olav Haraldseth, NTNU
Berit L. Strand, NTNU

Elected Board Representatives
among the Corporate Partners:
Erik Swensen, Medistim
Dag-Haakon Frantzen, BTC Archer

Or. lacob Mathiesen,
(S0, Otivio, Oslo

Professor

Jenny Dankelman,
MISIT Group,
Delft University of
Technology

Or. Philippe Blondel,

Senior Lecturer,
University of Bath

Anna Shaughnessy,
previous Director
of Earth Resources
Laboratory, MIT

o

CIUS" Scientific Advisory Board was constituted in 2017 and includes academic and industry/corporate experts in the
wide range of fields covered in CIUS.The Scientific Advisory Board will deliver their first evaluation in 2018 to ensure

initiation of appropriate adjustments as early as possible.
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Christina Kildal

Sigrid Berg

(NTNU)

Professor Asbjorn Staylen ~ Industry Liason
(NTNU) Svein-Erik Masay (NTNU)

Vegard Nyhus




About CIUS

Industry partners

Archer - Bergen Technology Center
C u b t AUROTECH ultrasound
0 a Ora |0ns GE Vingmed Ultrasound
HalfWave
InPhase Solutions

ClUS has partnered Wlth Kongsberg Maritime Subsea
Important cornerstone Medistim
t . SME Phoenix Solutions
.en.erp.rISE.S, S, Sensorlink
academic institutions, and Statoil
X-FAB

the healthcare sector.

Health sector partners

Helse Midt-Norge
Helse Nord-Trgndelag
Levanger Municipality
St. Olavs hospital
Verdal Municipality

Academic partners

SINTEF

Norwegian University of Science and Technology (NTNU)
University College of Southeast Norway (USN]
University of Oslo (U10)
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Work Package

Transducer and
Electronics

Lars Hoff, Professor, University College of
Southeast Norway (USN)
WP leader

v Cutting through a transducer acoustic stack. Materials with different acoustic
properties to the right and to the left. The middle bright structure is the adhesion layer,
its thickness is important for the transducer acoustic performance.




Work Package

Our main goal for 2017 has been to consolidate our existing methods, that are getting the
fabrication and characterization procedures more firmly established.

WP1-1: Acoustic source
characterization and optimization

WP1-2: Integrated high-performance
transducer array electronics

WP1-3: Embedded ultrasonic sensors

WP1-4: Dedicated high-frequency and
multi-bandwidth transducers

Improved transducer lab

The transducer lab is improving steadily. Our main

new equipment is the Onda AIMS Il scanning tank for
calibrated sound field measurements. This has proven to
be an invaluable addition to the lab. It is used extensively
to characterize transducers from the CIUS partners,

and to investigate our own developments. During 2017,
we have also acquired a Speedmixer to make our own
composite materials for acoustic matching layers and
fine-mechanical tools for fabricating transducer housing,
acoustic lenses etc. This will increase our flexibility, speed
up production time, and allow us to make more product-
like transducer prototypes.

Challenges

We have expanded rapidly and have had to involve
external competence, notably CIUS-funded Associate
Professor Martijn Frijlink, who contributes by supervising
students and sharing from his expertise and vast practical
experience in transducer design, and Tonni Johansen, a
researcher at NTNU/SINTEF. We also receive valuable
contributions from the industrial partners.

Our work is laboratory-intensive, and we have a constant
need for new equipment. The microtechnology laboratory
at USN is well equipped, and the dedicated transducer
laboratory is becoming well established. However, to
reach the level where we want to be requires continuous
investments in equipment, and achieving funding for this is
a constant process.

2018

We have a new multi-frequency band transducer concept
and going forward we wish to compare measured and
modelled temperature in underwater transducers.

Two new PhD projects will start during 2018, and topics
for both of these projects are robust transducers,
including longevity in normal use and behaviour in harsh
environments, e.g. high pressure and temperatures.
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Work Package

Acoustics and
Beamforming

18

Sverre Holm, Professor, University of Oslo
WP leader

v PhD Candidate Ali Fatemi carrying out experiments in the lab




Work Package

WPZ's six subprojects are all within fundamental research on acoustic wave propagation and image formation
common to applications in oil & gas, maritime and medicine. We will develop knowledge and simulation tools
for improved algorithms in all applications to achieve improved image resolution and contrast, higher frame
rates, and improved measurement accuracy (e.g. in Doppler imaging). We are using research systems at
academic laboratories as well as computer simulations to investigate next-generation imaging based on
channel data processing that will provide a strong basis for innovation for the user partners.

WP2-1: Simulation of acoustic and elastic wave
propagation in heterogeneous and layered media

To address artifacts such as specular reflection, second
order scattering, and reverberation, we have developed
tools to enable the comparison of beamforming
techniques: The UltraSound ToolBox (www.ustb.no).

In 2018, there will be simulation and modelling activities
in most of the work packages. In addition, modelling of
propagation of elastic waves in muscle will be undertaken
in a collaboration with The Norwegian School of Sports
Sciences.

WP2-2: Guided waves in steel plates and pipes

The focus of the research in this group has been to conduct
simulations using COMSOL and SimSonic to get more
insight on acoustic wave propagation in plates and pipes.

A project was initiated together with WP3 to see if it is
possible to introduce their ultrasonic Doppler-knowledge
to the field of non-destructive testing. Going forward, we
will establish and develop the simulation framework.

WP2-3: Non-linear SONAR imaging

A collaboration between UiO and KM, where
measurements show very promising results for improving
image quality in bathymetry. Simulations tools for non-
linear imaging have been further developed and made
available to KM.

Next, we will follow up the simulator, and assist in its use
and on implementation and testing in their multibeam
echosounder product.

WP?2-4: Elastography in cardiac imaging

In collaboration with the Medima project at UiO we

have established two different methods for ultrasound
elastography: Acoustic radiation force imaging and
elastography with an external vibrator. Of the two, the
latter is probably the method with the largest potential
for cardiology. In 2018 we plan to perform the first tests
on cardiac elastography in collaboration with GE Vingmed
Ultrasound.

WP2-b: Advanced SONAR Array Design

in Underwater Mapping and Imaging

The project started by establishing a SONAR simulator
which is based on a reference simulation package in
medical ultrasound, where the user has control over

the SONAR array geometry and the transmitted signal

of each elements, thanks to a pulse design module. It is
also possible to define the seabed model and acquisition
geometry. Going forward, emphasis will be on the selection
of suitable waveforms with good orthogonal properties.
This could lead to improvement in the mapping rate.

WP2-6: Suppression of reverberation
artifacts in ultrasound imaging

We study the redirection phenomenon where energy in
the probe’s elevation plane bounces off ribs and interact
with e.g. lungs, continuing to improve the performance
and accuracy of the simulation code, aiming to include the
numerical evidence in upcoming publications. We have
started developing techniques to detect and eliminate
reverberant noise in cardiac ultrasound imaging, and are
working on an adaptive beamforming method that is able
to distinguish between speckle signal and reverberant
noise.
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Work Package

Doppler and
Deformation
maging

20

Hans Torp, Professor, NTNU
WP leader

v A laboratory sheep is being prepared by a surgeon before insertion of
artificial mitral valve.




Work Package

WP3 covers continuous developments of Doppler based methods for velocity and deformation
measurements and -imaging in 20 and 30. Enabling technology includes ultrahigh frame-rate data
acquisition and real-time processing of data from 10 and 20 matrix array transducers, as well as novel
approaches for random signal models and parameter estimation.

WP3-1: Vector-flow imaging

In collaboration with SickKids Hospital in Toronto, we
work towards increasing activity vector flow imaging in
paediatric cardiology. GE-Vingmed has implemented this
technology on the scanner Vivid E?5, which has recently
been released for clinical use.

We have developed the intracardiac 3D vector flow imaging
further, using a combination of Doppler and speckle
tracking, and in vivo results have been presented for the
first time at the IEEE International Ultrasonic symposium.
A new combination of vector flow imaging and tracking
Doppler for quantitative analysis has been developed by
Postdoc Jgrgen Avdal and his colleagues, and published in
IEEE TUFFC.

WP3-2: Flow measurement in non-
stationary and noisy surroundings

High framerate 3D data acquisition, adapted to coronary
flow imaging, is now implemented as a prototype, and
several in vivo recordings has been performed. These
datasets are used for 3D imaging as well as quantitative
Doppler spectrum analysis, and results have been
presented at international conferences. One special
challenge is the clutter filtering, which must be adapted
to the rapid motion of the myocardium. Results using a
singular value decomposition has been implemented, and
recently, an alternative, non-paramtric method based on
classical detection theory has been developed.

WP3-3: High frame rate tissue
deformation imaging

Several new data have been setup for high frame rate 2D
and 3D cardiac data have been tested in vitro and in vivo, as
well as processing methods for vector Doppler and shear
wave imaging.

A new method for quantitative shear wave imaging,
“clutter wave imaging”has been further developed

and tested for normal volunteers. The method gives
reasonable values for wave propagation speed for normal
myocardium. Next step is to test the method in patients
with myocardial fibrosis

WP3-4: Doppler imaging of flow in
cement behind steel casing

This subproject is a combination of beamforming
strategies to optimize SNR for fluid flow in cement behind
steel casing, and clutter suppression techniques developed
in WP3-2.

Two PhD Candidates are working on this project.
Experimental setup is under development at the
ultrasound lab, NTNU, and will be ready for testing by April
2018.

21
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Work Package

Image Analysis
and Visualization

Lasse Lavstakken, Professor, NTNU
WP leader

v Testing of our real-time method for automatic measurement of ejection
fraction in the laboratory.




Work Package

This work package covers the development of image processing and analysis methods to extract
relevant and contextual information from ultrasound image data, to improve measurement quality and
to provide an improved workflow to reduce the time to decision or diagnosis.

Addressing challenges

We are addressing challenges in medical, maritime and
industrial applications, using modern approaches in signal
and image processing, as well as recent machine learning
algorithms for classification and extraction of data and
image features. The work package outcome will provide a
basis for improved extraction of relevant high-level image
information, and a basis for improved data acquisition and
processing at lower levels.

The current work package tasks are as follows:

WP4-1: Real-time 3D image segmentation of all heart
chambers

WP4-2: Patient and image registration for improved
workflow and ease-of-use

WP4-3: Improved processing of corrosion pittings in
external pipe inspection

WP4-4: Improved detection of pores and cracks in
downhole logging

WP4-5: Model-based acquisition for high frame rate
medical ultrasound imaging

These tasks share common challenges and can be
addressed by common data and image processing
approaches.

An initial aim for WP4 will be to establish a state-of-
the-art framework and expertise in machine learning
algorithms, trained to recognize and segment relevant
image or data features. Further, we want to develop a
model-based estimation framework for regularization
and reconstruction of noisy and potentially missing image
information based on physical models, a pathway towards
more robust measurements. Finally, to explore how
these methods can provide a context for improved data
acquisition and measurements.

2018

A framework for automatic anatomical cardiac
measurements based on deep learning has been
developed, and initial results have been shown at the
Myocardial function imaging meeting in Belgium this
year. Another PhD Candidate will join the team from WP6
to further investigate the potential for automation and
simplification of cardiac ultrasound imaging.

Discussions are ongoing regarding machine learning
projects with Statoil and Konsberg Maritime, respectively.
A Postdoc will join to investigate the potential and
synergies for machine learning in well logging and sea bed
classification.

23
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Work Package

Multimodality and
Interventional
Imaging

Asta Haberg, Professor, NTNU
WP leader

v Brain cancer imaged with PET-MRI and 18F- FACBC [Fluciclovine] tracer to pinpoint
tumor hotspots used to plan ultrasound navigated neurosurgery from work in WP5-3.




Work Package

This work package covers development and application of multimodal and interventional imaging to
improve diagnostic precision, treatment and follow-up of patients with cardiac disease and cancer.

WP5-1: Multimodal imaging and 3D
volume registration in cardiology

A major goal for CIUS is to develop ultrasound-based
methods for visualizing coronary artery flow in patients
with possible coronary artery disease. Such methodology
will minimize patient and staff exposure to radiation, which
is currently a major health concern. The initial validation of
coronary artery flow estimated with ultrasound technology
started in patients with and without coronary artery
stenosis on CT in 2017. It also includes the development

of a navigation system to provide real-time registration
between the ultrasound data obtained during the
intervention and the preoperative CT data. The navigational
method will be further refined in 2018, in collaboration
with GE and SINTEF. Furthermore, a study of the quality
and feasibility of 3D visualization of the aortic root with
ultrasound compared to CT for use in different cardiac
interventional scenarios was launched.

WP5-2: Multimodal imaging for

image guided surgery

To select the best treatment for lung cancer patients, it
is of utmost importance to identify whether the cancer
has spread to the lymph nodes and which lymph nodes
are affected. This requires expert radiological reading.
In CIUS, an automated method for lymph node detection
and anatomical location assignment in lung cancer was
developed in 2017, which will be further improved upon in
2018. Moreover, the applicability of the method for other
types of tissue classification will be assessed.

WP5-3: Multimodal US and PET-
MRI for improved diagnosis

Primary brain cancer has a poor prognosis, but radical
surgery removing as much tumour tissue as possible
without compromising function improves life expectancy
and quality. PET-MRI may have added value in brain
cancer treatment: PET can depict tumour tissue with
higher specificity than MRI while the relationship between

the tumour and important functional brain areas can be
obtained with a combination of different MRl methods.
With PET-MRI both can be obtained at the same time.
The resulting multimodal preoperative PET-MRI images
can be used in the neuro-navigation system. Combining
these images with preoperative ultrasound images, the
neurosurgeon can remove tumour tissue in a highly
targeted fashion. The feasibility of the PET tracer 18F-
FACBC, which is specific with regard to binding to tumor
tissue for brain cancer detection and classification, its
value in surgical planning and effects on outcome is
currently being studied.

WPb-4: Ultrasound imaging and
manipulation in targeted drug delivery

A major problem with chemotherapy is the low uptake
of drugs in tumors. Focused ultrasound combined with
microbubbles has been reported to improve the delivery
of nanoparticles in tumor tissue and the therapeutic
effects are improved. Professor Davies and collaborators
aim to improve uptake of drugs in tumors using focused
ultrasound and microbubbles, and to open the blood-
brain barrier and increase the amount of drugs and
nanoparticles in brain tissue. Studies to understanding
the mechanism of ultrasound-enhanced delivery with
microbubbles are also ongoing. In collaboration with
Phoenix Solutions, Davies have taken Acoustic Cluster
Therapy (ACT) closer to the clinic by modifying a clinical
GE Vivid E9 scanner. They show that ACT safely and
temporarily increased uptake of a drug. In mice with
breast cancer, complete regression of the tumors was
observed when drug loaded nanoparticles-microbubbles
developed at SINTEF were combined with focused
ultrasound. The effect of focused ultrasound and drug
loaded nanoparticles-microbubbles versus free drug for
the treatment of glioma, demonstrated that both drug
delivery methods were equally effective when combined
with focused ultrasound. In 2018, a clinical study is
planned in colorectal and breast cancer patients with liver
metastases.

25
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Work Package

Ubiquitous
Ultrasound

Bjorn Olav Haugen, Professor, NTNU
WP leader

Pocket-sized ultrasound devices are extremely portable, and can increase
the use of ultrasound imaging as part of the diagnostics of patients - from
rural district hospitals to nursing homes in the Western world. Development
of easy-to-use ultrasound technology has significant innovation potential and
can be paradigm altering for practices in the healthcare sector, where the
goal is to offer patients quicker diagnosis outside hospitals as well as to avoid
unnecessary hospital admissions.

Work package 6 covers research needed to test ultrasound technology for
imaging of multiple organs to increase the usefulness in different clinical
scenarios, and automatic measurements of relevant physiological parameters
to aid non-expert users.

WP6-1: Multipurpose ultrasound imaging for non-experts
WP6-2: Clinical benefit of use of pocket-sized ultrasound
imaging in nursing homes.

WP6-3: Automatic detection of signs of heart disease

Promising results

CIUS intern Jahn Frederik Grue and Sigurd Storve from GE Vingmed have
developed and evaluated an algorithm for the detection of heart failure

using Automatic measurements of left ventricular long-axis indices. Grue
was awarded with best scientific contribution at the national meeting of the
Norwegian Society of Cardiology, and Professor Lgvstakken and his team has
used Grue's data set for machine learning. The results are very promising and
this work is important for WP6-1.

2018

Next, we want to compare images interpreted by the trained non-expert

to that of an experienced cardiologist, study the feasibility of physicians
identifying cause of distress in nursing home patients using handheld US
technology, and develop new automated methods for navigational aid and
(semi)automatic measurements. Three PhD Candidates will start their work
in 2018, and we will train nursing home physicians and general practitioners
in the use of handheld US devices.

» High frame rate blood flow specle tracking echocardiography: Blood floow patterns
and enery loss maps, using in-house developed software, 2D blood velocity fields were
processed without in-plane flow assumptions. Energy losses were calculated within a
region encompassing the RV, using a spline-based segmentation and reconstruction
approach.
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Work Package

Clinical
Feasibility

Bjern Olav Haugen, Professor, NTNU
WP leader

WP7 will establish clinical feasibility of new ultrasound imaging methods
developed in CIUS, with focus on ischemic heart disease. The overarching aim
is safer, more accurate and efficient diagnostic tools for early detection and
patient selection for immediate intervention in patients with ischemic cardiac
disease. We are developing new techniques to visualize coronary stenosis,
quantify them and assess viability of the myocardium to predict whom will
benefit from medical treatment and revascularization.

We also work on developing accurate 3D quantification of flow for improved
diagnosis, planning and treatment of heart valve disease and shunts in heart
disease. Our main objective is clinical implementation and proof of principle
for new ultrasound based methods for better diagnosis and treatment of
ischemic heart disease, valvular and congenital heart disease. WP7 is heavily
dependent on the technological solutions developed in the other WPs in CIUS
before clinical validation is possible.

WP 7-1: Ultrasound coronary angiography

The main aim of this project is to assess the feasibility of new 3D methods
for visualizing coronary arteries and quantification of coronary stenosis with
Doppler. The method is ready for pilot testing.

WP 7-2: Ultrasound imaging and quantification of tissue at risk

We want to assess the feasibility of new US methods to detect and quantify
tissue at risk, i.e. ischemic myocardial tissue that with high probability can be
normalized with revascularization.

WP7-3: Ultrasound imaging of myocardial viability

In this project, tissue Doppler recordings of patients after myocardial
infarction will be compared to MRI, in order to identify the best ultrasound
markers of non-viable fibrotic tissue.

Blood flow imaging in heart disease

CIUS PhD Candidate Wadi Mawad has developed a method that may become
a valuable tool in developing an approach based on blood flow patterns and
energy-loss calculations to select a more optimal time for intervention in
young patients with a severe leak of the lung artery valve.

2018

We have several papers due in 2018, and two PhD Candidates will start their
projects. We are also preparing joint studies at SickKids Hospital and St. Olavs
hospital.

» 3D visualization of blood flowing through a cardiac cycle in a healthy volunteer.
The black and white slices, are called bmode and shows anatomy, while the blood s
movement is visualized as synthetic particles in orange.
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Submitted by Tomer Ketter [ Israel Oceanographic Institute
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Location: Israel EEZ | Depth: 2100m



Medical doctors Martin Altrehuther, Torbjorn Dahl, Hanne Ellekjeer,
Bernt Harald Helleberg, and Arne Seternes (lying down] testing new concepts.
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A new generation of researchers

CIUS is affiliated to some of the best ultrasound researchers in the world.
Meet three of our up-and-coming talents:

Solveig Fadnes works with fetal heart imaging, and her techniques can
be the solution to saving children born with cardiac disease. Marcus Wild
is trying to understand how and where heat is generated in piezoelectric
material to solve the challenge of overheating SONARs and ultrasound
sensors. Antoine Blachet wants to make seabed mapping more effective
by designing new and improved SONAR designs.

Stories

Like CIUS Director Asta Haberg said in the introduction: CIUS is more
than the numbers we report and present in different forums. CIUS is
what it is because of dedicated people, a lot of hard work and valuable
collaborative partners. Let us tell you some of their stories.

Partners

Our partners are important to us in many ways, not just for their
economic and intellectual support. They are significant in the process
of taking an idea and transforming it into a product.

Halfwave and InPhase Solutions are working together on a Crack
Detection technology for inspection of gas pipes. Medistim and GE
Vingmed Ultrasound just received a large grant from the Norwegian
Research Council for their work on developing new production technology
for the health sector. ReLab is the first start-up coming out of CIUS, and
will design and produce ultrasound transducers - from the drawing board
to the fully developed system.

3
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dolveig Fadnes
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Recent technological advances have given us new possibilities in ultrasound blood flow imaging,

and may help clinicians when diagnosing cardiac diseases to give patients the best possible treatment and
follow-up. Solveig Fadnes, a Postdoc at CIUS, is working with fetal heart imaging. - | found the possibility
to work with medical technology intriguing. The idea of working towards improved diagnostic tools,
ultimately help doctors save lives, sounded like a dream job, she says.

Detection is crucial

In Norway, over 500 children are each year born with
cardiac disease. To ensure the best outcome of the
newborn child, clinicians need to detect these diseases
before birth. They can then follow up the pregnancy

and make sure the birth happens in a hospital with the
knowledge and equipment needed.

- The blood circulation in the fetus is complex, and
anytime during the development of the circulatory system,
cardiac malformations or diseases may develop. The
malformations may not be critical in fetal life, but when
the child is born and starts to breathe, the circulatory
system undergoes large changes and these malformations
may become fatal, says Fadnes. - The blood flow is closely
connected to the development of the heart. If we can learn
more about the physiology and map the normal blood flow
pattern in the developing heart, we think we will be able to
detect whether or not there is abnormal flow patterns and
a developing cardiac disease.

Motivating teamwork

Fadnes uses the word “we” a lot, and she is clear about the
importance of working together. - | love teamwork, both
discussing problems with the other technical researchers,
but also working with the medical doctors, and get a peek
into their daily life and the challenges they meet. Together
we can discuss how to move forward and how to improve
the diagnostic tools for the benefit of the patients.

Ultrafast imaging

So how does Fadnes and her colleagues use ultrasound
technology in their work? - We are using a new technique
called ultrafast imaging, where broad ultrasound beams
like diverging beams are utilized instead of focused
ultrasound beams. One diverging beam covers the whole
imaging sector, which means that we get one full image
per transmitted ultrasound wave, unlike in conventional
imaging where you may need to transmit 100 focused
beams to build one image. With ultrafast imaging we
acquire several thousand images per second making it
possible to capture the rapid changes in the blood flow and
extract the blood direction and velocity to see details we
could not see with conventional imaging.

Goal: Implementation

Next, Fadnes wants to include fetuses with cardiac
diseases in her study, to see how and if the details they
observe with the new blood flow imaging technique can
be useful when diagnosing cardiac disease before birth.

- We also want to look into the estimation of cardiac wall
stiffness, and how this parameter can relate to the blood
flow patterns and the cardiac disease.

- Hopefully, new clinical parameters will emerge from my
research, describing details in the blood flow of diagnostic
importance not available today, helping the clinicians

in their daily practice to the benefit of the patients. The
ultimate goal is to see my research implemented on a
clinical scanner and being used in daily practice.
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Within the maritime industry, ships use SONAR systems in order to make maps of the seabed, or
find and catch fish. The challenge with SONARs is that they have a tendency to overheat, and Marcus Wild,
a PhD Candidate at CIUS, is trying to make the temperature rise more predictably to prevent this,

Understanding SONARs

- SONARs emit sound waves, which then bounce off the
seabed and return to the ship, in the same way that a bat
or a dolphin uses sound to find its prey, Wild explains. -
Understanding the behaviour of SONAR systems requires
working with a variety of scientific fields: Thermal,
mechanical, electrical and piezoelectric and this is what
initially drew me to this field.

SONARSs are made of many components, but one of the
most important components is the piezoelectric (piezo
means squeeze) material. When pressure is applied, an
electric current field is produced and reversely; when an
electric field is applied it generates a sound wave. This
material is the driving mechanism behind the sound wave
generated by SONAR and acts both as a speaker and a
microphone simultaneously. However, some of this energy
is also converted into heat, and excessive temperatures
will damage the SONAR.

Material properties

In order to predict the heating in the piezoelectric
material, the material properties need to be characterized
accurately. - First, we developed a fast and accurate
method to characterize the piezoelectric material. This
method uses a 1D analytical model of a piezoelectric
material, which predicts the material's electrical
admittance as a function of frequency for a given set of
material parameters. The electric admittance is the ease
that a material has to allow an electrical current to flow
through it for a given voltage. This property is frequency
dependent for a piezoelectric material. The shape of the
electrical admittance as a function of frequency can give us
a lot of information about the material properties such as
the resonance frequency or the energy loss mechanisms.
The electrical admittance can also be measured quite
easily in our case, says Wild.

Kongsberg Maritime

Wild has been working closely with CIUS partner
Kongsberg Maritime during his research: - Seeing the
innovations that | come up with being put to use is exiting,
and it shows me that my work is making a tangible
difference.

Martin Bring, Wild's supervisor at Kongsberg Maritime,
highlights Wild’s intelligence and positivity. - It is inspiring
to work with him, and to get his ideas and perspectives on
what we are working on, he says. - It is important for us to
collaborate with colleges and involve students. They often
have a different point of view, which again can trigger our
own thoughts and ideas.

Predicting the heat

Now that Wild and his team have developed a method to
characterize the piezoelectric material, they will apply

it to the piezoelectric material at various temperatures.

- Indeed, the material parameters tend to change with
temperature, and this is important for us to capture if we
are to predict the heat rise within this material. Once we
have these material parameters, we will be able to predict
the frequency and spatially dependent energy loss in the
material. This will bring us a step closer to understanding
how and where the heat is generated in these materials.

Transmissible research

While Wild’s research directly benefits underwater
transducer manufacturers, his findings can also be
transferred to transducers in the medical, oil & gas
industry. - As a result of the research | am conducting, |
hope to give ultrasound transducer manufacturers a tool
to predict the self-heating for a particular transducer
design. This is important as this kind of tool would allow
manufacturers to optimize their design and thus produce
more stable and more efficient transducers.
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Today, a significant part of the oceans remains coarsely mapped. Some specific areas, like

the continental shelves, will require high-resolution surveys and keep scientist busy for decades.
But what if we could improve the efficiency of current surveys?

That is the question Antoine Blachet, a CIUS PhD Candidate, asked himself.

Efficient tool

The Multi-beam echo sounder is one of the most efficient
and reliable tools for seabed mapping, whether it is for
geological surveys or inspection of man-made objects
such as pipelines or ship wrecks. - Since its introduction
in the 1980s the improvements in transducer technology
and processing power has been significant, but the
fundamental design has not really changed for 40 years,
says Blachet.

Motivating environment

Blachet has a background in Applied Geophysics, a
multidisciplinary field, and he wanted to explore the signal
processing side. He is now a part of the Digital Signal
Processing and Image Analysis Group group at UiO. - The
research environment here is probably what motivates me
every day. There is always something new to learn.

He also points to the Centre for Innovative Ultrasound
Solutions: - They connect ultrasound researchers into the
same community, and thanks to CIUS | can work on real
life problems that are relevant for our industrial partners.
It is a great source of motivation, he says.

New SONAR designs

Collaborating with Kongsberg Maritime, a CIUS industrial
partner, he is now exploring new SONAR designs that
could lead to improved performance in some particular
applications. One possibility is to transmit advanced coded
waveforms, inspired from modern techniques used in
radar and wireless communication. - The prosperity of
future generations is undoubtedly linked to a sustainable
use of ocean resources. | strongly believe that marine
technologies such as SONAR will play an increasingly
important role in this direction, Blachet says eagerly.

- By carefully choosing specific codes, we are trying to
mitigate interferences between signals transmitted at

the same time. This will make it possible to map multiple
parts of the seabed at the same time. It may also increase
the sounding density, and make the survey more efficient.

The future

Blachet and his team will continue to explore the benefits
of advanced signal modulation for seabed mapping. New

SONAR geometries might be considered at a later stage,

along with experimental measurements.

- My hopes are that this research project will open new

possibilities for ocean mapping. The goal is to develop
ideas that can be used for the next generation of products.
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Halfwave and InPhase Solutions

Crack

Halfwave and InPhase Solutions, both industry partners of CIUS, have a long-standing relationship. First collaboration
dates back to more than five years ago, when InPhase Solutions contributed to relevant research and development
tasks to improve Halfwave's successful Acoustic Resonance Technology (ART) as pipeline inspection technology.
Since consultants from InPhase Solutions have specific competence in the fields of ultrasound and signal processing,
they can temporary support related technology development in times where more resources are needed.

The solution to pipe wall cracks?

Currently, InPhase is involved in Halfwave's pursuit to
develop a Crack Detection technology for in-line inspection
of gas pipes, based on Halfwave's ART scan tool. This
intriguing project was initiated based on observations of
propagating acoustic modes that were detected with ART
hardware and that can be dependent on defects in the

gas pipe wall. One of the more relevant defects is stress
corrosion cracking (SCCJ, which poses a serious risk to
pipeline integrity. Cracks in the pipe wall can change the
signature of propagating acoustic waves. These acoustic
signal changes can be detected and subsequently be used
to potentially size and locate the cracks.

However, due to the small size of typical stress corrosion
cracks, they appear to be very difficult to detect with
existing in-line inspection technologies.

Promising results

Results from the first development phases in the past two
years at Halfwave have all been successful. In controlled
experiments in water, both artificially machined notches in
steel plates and real cracks in real pipe samples, could be
clearly discriminated from undamaged areas.

Dedicated signal processing results even showed ways to
discriminate cracks from other defect types. These very
promising in the pursuit led to the current development
phase, where water is replaced by pressurized gas as the
propagation medium; like in a real gas pipeline.

The complicated test set-up contains many transducers
with programmable transmit and receive channels, that
can record on all transducers simultaneously. Initial
processed results show many different aspects of the
acoustic waves and are extremely promising in the pursue
to detect SCC based on Halfwave’'s ART tool.

Continued research in CIUS

HalfWave will continue research on the crack detection
challenge within CIUS, and plan to start a PhD project in
2018. Dr. Petter Norli, R&D Director of HalfWave states: -
We are looking forward to continuing this exciting project
in CIUS with more in-depth research in the years to come,
and we are currently building a strong team within CIUS on
understanding the basis of ultrasound propagation in steel
layers among all the oil & gas partners.

<« High-pressure test set-up consisting of a test scanner head with many transducers inside a pipe sample with real cracks. The test scanner
head can mechanically translate and rotate to make circumferential scans of part of the pipe sample. The set-up is placed inside a pressure

vessel at NUI (Bergen) that allows pressures up to 65 bar.
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Medistim and GE Vingmed Ultrasound

New Grant

Together with Sensocure, CIUS partners Medistim and GE Vingmed Ultrasound has been granted 14.4 million NOK
from the Research Council of Norway. With their project “Advanced Manufacturing Technologies for High Impact
Medical Devices ", they will be developing new production technology for the health sector. The collaboration

will enable cost-effective production of advanced medical equipment in the future.

Valuable collaboration

GE Vingmed Ultrasound is the world leading producer
of ultrasound equipment for heart imaging. Medistim
supplies medical equipment for quality assurance of
cardiovascular surgery, while Sensocure’s sensors
measure effective blood supply to organs in the body.

- After some conversation, we quickly found common
challenges, says Christian Holm Edvardsen, Project
Manager in GE Vingmed Ultrasound.

- Our participation in CIUS makes it easy to find
collaborative partners. For us it was quite natural to enter
into a partnership with GE since we knew each other
through CIUS, adds Erik Swensen, VP R&D in Medistim.

Aiming high

The aim is to develop new and smart production
technologies to enable continued cost-effective production
of advanced medical devices in Norway, building on
former successes of developing globally competitive
manufacturers of complex medical equipment within areas
where design, development and manufacturing are based
on advanced know-how, competencies and skills. Manual
operations today are executed in clean zones with extreme
hygiene requirements. With new technology, the goal

is to lower production costs by, for example, increasing
efficiency and reducing freight costs on expensive
components.

Bringing todays production to the next level

Swensen states that: - Medistim sees the funding of this
project as a unique opportunity to develop new production
technology that may bring today’s production of ultrasound
probes to the next level in terms of effectiveness and
quality. For a company with labor-intensive manufacturing
in Norway, this can mean a significant strengthening of our
competitive edge in a global market.

The collaboration established through the pre-project

and the application process has been a great platform to
strengthen the medical production technology environment
in Norway going forward. - The health industry has a
significant potential as a value creator and employer,” said
former Minister of Trade and Industry, Monica Maland,

in a press release. She points to how projects like this
connects young healthcare companies and research
environments, which together can contribute to the health
industry.

- We are good at radio pharmacology, cancer treatment
and sensor technology in Norway, but we are just in the
starting block of converting this into an industry - so
these research funds are very important, said Bent Hgie,
Norwegian Minister of Health.
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Re

First start-up coming out of CIUS

ReLab plans to be Europe’s leading manufacturer of single element transducers,
and aims at low-cost robotized production of high quality ultrasound transducers.

First CIUS spin-off is up and running

Relab is a newly established design and production
company for ultrasound transducers that springs out from
the CIUS consortium. RelLab was founded in January 2018
by Kristoffer Johansen and Kenneth K. Andersen, two

PhD Candidates specializing in respectively stable-inertial
cavitation and unconventional transducer design.

As entrepreneurs, they have come in contact with Norway's
leading ultrasound actors. These have directly and
indirectly contributed to the shaping of ReLab, a motivating
factor for the two. - It's both exciting and challenging,

and it's important to be aware that the qualities you need
to succeed as an entrepreneur do not necessarily match
the challenges you face as a researcher, says Kenneth K.
Andersen.

Rapid prototyping is a key service the company will provide
customers with, and this will incentivize them to initiate
and accomplish innovation that creates benefit for their
core businesses. Moreover, ReLab’s overall objective is to
provide ultrasound transducer solutions for Norwegian
and international customers - from idea to fully developed
systems.

Gamechanger

The motivation behind establishing a design and
production company for ultrasound transducers in Norway
arose from discussions with several of CIUS's partners.

They characterized the international transducer market
as high-priced, monopolized, and associated with

long production processes, which ultimately may both
negatively affect the ability to deliver services in an
expanding market, and successfully initiate and complete
innovative projects.

Furthermore, Norwegian ultrasound companies have
also expressed interest in more rapid prototyping, better
insight into the manufactured transducers, and a closer
dialog between the design and production facilities. All
of the above to strengthen their position in a demanding
international market.

A range of services already available

RelLab is currently located at the research park of the
University College of Southeast Norway, and works out of
the NorFab laboratory collaboration with access to state-
of-the art cleanroom and conventional laboratory facilities.

Today, RelLab has the capacity to offer a range of services,
such as design, prototyping and small-scale production of
ultrasound transducers. In addition, ReLab is also capable
of testing existing ultrasound transducers and transducer
systems. They are, for example, capable of performing
sound-field and pulse-echo characterization, measuring
electrical properties, as well as taking SEM images of
transducer structures. - We are aiming for ReLab to be one
of Europe’'s leading suppliers of design and production of
ultrasound transducers, Kenneth K. Andersen says.
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Innovations are crucial for every successful research environment, and we are doing our best to
make sure everyone connected to CIUS gets the support they need when coming up with an idea. We
have created a formal process for researchers to report inventions, and in 2017, an Industry Liaison
position was created. Svein-Erik Masgy describes his new role as an “innovation manager”. - This is
the main goal of CIUS: Taking research from an idea to something that can benefit society as a whole
through commercially available products, he says.

In 2014, Lasse Lgvstakken and his team showed promising technical results tracking the flow and
direction of blood. Today, Blood Speckle Imaging (BSI) has been implemented in the Vivid E95 scanner
from GE as a new product, and the feedback is overwhelmingly positive.

v Blood Speckle Imaging example from GE Vingmed Ultrasound e95 system;
after Mitral Valve correction with the Mitra-Clip procedure.
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4 ¥ Innovation work in CIUS

Svein-Erik Masgy

Hi, my name is Svein-Erik Masgy and in May 2017 | started working

as the Industry Liaison in CIUS.

What is my role?

The Industry Liaison position probably best translates into
an innovation manager; someone who is responsible for
making sure all the great ideas that daily are thought of
by the CIUS research teams are collected and evaluated
for their potential use as products or services. This must
of course happen in close collaboration with our industrial
partners. This is the main goal of CIUS: Taking research
from an idea to something that can benefit society as a
whole through commercially available products.

My role is to have an overview of all projects that are going
on within CIUS and to make sure relevant information are
distributed to the right people. This could for example be
to inform an industrial partner within the oil & gas domain
about an exciting project in medicine that could be used for
oil & gas applications. It could also be to connect people
inside CIUS who should know about each other’s projects,
or to connect academic researchers with partners.

CIUS involves more than 100 people and have a lot of
ongoing projects and activities at all times, so this keeps
me occupied.

How do | work?

My main mode of operation is to talk to people. |
continuously throughout the year try to visit all our
industrial and academic partners, understand their needs,
discuss projects, get to know everybody, and communicate
my findings. Having the CIUS seminars twice a year,
where we gather all partners and researchers, also helps
to strengthen knowledge about everything that goes on,
and to facilitate communication. As an example, in 2018
we have set up an oil & gas team with a clear research
strategy and regular update meetings across all relevant
partners. We already have several very interesting cross-
disciplinary projects going on here.

As a formal step to collect innovations, we have created

a process for researchers to report inventions through

a Declaration OF Invention (DOFI) process. Each year (at
the CIUS spring meeting) we have a yearly sum-up DOFI
competition and the winning team, or researcher, receives
a cash price. To make sure this process is continuous, |
visit all academic teams regularly and arrange meetings
were the goal is to discuss potential new innovations
from the team since the last time we met. All reported
DOFI's are distributed to our industrial partners as soon
as they are formally registered, and they report back their
potential interest in the concepts. This is a great way of
working and allows for great transparency. It also forces
everyone to think hard about their work and its relevance
to our partners.

My background

As CIUS revolves around new ultrasound solutions within
oil & gas, maritime, and the medical business area, it is
important for me to have a broad understanding of the
different challenges within these industries. In my 18 years
in the ultrasound industry, starting with a PhD in medical
ultrasound, | have worked within all these areas, and |

find this to be very rewarding and important for the work

| do today. Still, my main source of knowledge for what

is important within CIUS is of course our partners and
researchers. They have all the cutting-edge knowledge for
us to really be at the forefront of ultrasound technology
and application opportunities.

The Norwegian ultrasound community is world leading
within its fields, both from an industrial and academic
perspective, and this is what makes CIUS such a fantastic,
interesting journey!
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Blood Speckle Imaging (BSI)

New product:

In 2017, GE Vingmed Ultrasound AS launched a new product based partially on research carried out in CIUS.
Further research to improve the technology will be pursued in CIUS.

The manifestation of cardiac diseases can be seen as
changes in tissue and blood motion patterns. Professor
Lasse Lgvstakken and his team have developed a new

way to measure and visualize blood flow patterns,

with particular application for studying the paediatric
population with congenital heart diseases which are very
often linked to abnormal blood flow patterns. - Our hope

is that this new approach can bring about a more detailed
understanding of cardiac disease as well as a tool for more
accurate diagnosis.

Blood speckle tracking

- The technology and application has developed over many
years, starting mainly in my PhD work and through the
collaboration with paediatric cardiologist Siri Ann Nyrnes.
Initially this was a qualitative approach, but as technology
matured we saw the potential for improved quantification
of blood flow patterns using an image tracking approach.
Central to this technique is also a new and more intuitive
visualization of the blood motion, Lgvstakken says.

Utilizing plane wave techniques

- During 2014, Lasse Lgvstakken and his team showed
promising technical results tracking speckle pattern
from blood flow. This was based on utilizing plane wave
techniques in order to acquire the data with high enough
temporal resolution to be able to track the fast moving
blood speckles, says Gunnar Hansen, Global Research
Account Manager at GE Healthcare.

This had the potential to give researchers a completely
new way to visualize blood flow in the heart and could
overcome the limitation with Doppler (by tracking any

blood motion in a 2D plane). - GE was very interested
in exploring this opportunity further as we are leading
in speckle tracking of tissue mainly applied to quantify
contraction of the heart, Hansen adds.

GE Vingmed collaboration

The collaboration with GE Vingmed goes back to the
founding and development of the Norwegian company
named Vingmed Sound in the 1970-80s, initially a spin-
off company for the ultrasound Doppler activity in
Trondheim, according to Lgvstakken. - Since then we have
worked closely together in a highly synergetic fashion.
The academic side is provided with special access to
hardware and in-house expertise, as well as opportunities
for bringing new methods to patients. On the other side
the industry gets access to new competent people and
projects pushing their ultrasound technology and clinical
application further.

Clinical data acquired from Norway and Canada

To explore the clinical potential of the BSI it was very
important to collect clinical data. Focus was to start
looking into children with congenital heart diseases (CHD)
where the blood flow can be very complex and difficult to
interpret correctly.

GE built two Vivid E9 systems with the plane wave
technology. With the Ethical Committee approval, the
systems were installed at St. Olavs Paediatric Department
in 2015, where Dr. Siri Ann Nyrnes started to acquire
clinical data. To gain more cases with CHD, an identical
system was installed at the SickKids Hospital in Toronto,
with Dr. Luc Mertens team. This is one of the largest
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paediatric hospitals in North America and they had an
extensive amount of newborn and paediatric patients.
Both systems only acquired the data, so these needed
to be processed by Lgvstakken’s team to perform
tracking and display the results.

Implementation

After a lot of work to optimize tracking and visualization
the results were so promising that GE decided to implement
this in the Vivid E95 scanner.

In addition to covering neonatal and paediatric applications,
it was also implemented for interventional imaging to
support planning and evaluation of interventional
procedures for valve repair and replacement.

Overwhelming feedback

- BSl was introduced to the market during the American
Society of Echocardiography conference in 2017, and
feedback from customers have been overwhelmingly
positive, says Hansen. This work will continue in the CIUS
programme to further develop the method for additional
application including 3D and to add quantitative analysis of
the flow pattern. - Clinical studies and use will reveal the
potential for the approach for improving the understanding
of pathophysiology and with regards to direct clinical
application. This is done in collaboration with larger
hospitals around the world, and in our case in particular
with the SickKids Hospital in Toronto. The method is further
continuously improved in terms of accuracy and robustness,
Lovstakken adds.

Innovation
Statistics 2017

New methods/models/prototypes = 7
New products = 1
New services = 2

CIUS researchers have delivered four
Declaration OF Inventions (DOFI) to the CIUS
consortium in 2017: Three regarding new
machine learning methods developed for cardiac
ultrasound, and a new method for imaging
mechanical waves inside the human heart.

The University College of Southeast Norway
(USN] has together with CIUS industry partner
Phoenix Solutions developed a new dual-
frequency ultrasound transducer to be used

in animal experiments. Also, GE Vingmed
Ultrasound (GEVU) has implemented a new
automatic AV plane detection method which

is currently under evaluation in Brisbane in
collaboration with CIUS researchers.

GEVU has also launched a new product, the
Blood Speckle Imaging method.

Public partners Innherred Samkommune and
Levanger Sykehus have started using new
services; pocket-sized ultrasound diagnostics
among inexperienced users and solutions for
telemedicine support to inexperienced users or
users at remote locations. This has happened in
collaboration with a research and development
team from CIUS, improving diagnostic precision
and diagnostic workflow in their hospitals and
general practice.

The industry partners in CIUS have been
awarded new contracts, both inside and outside
of CIUS, which are very rewarding for the CIUS
family.
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Professor Hans Torp showing the teddy
bears given to participants (newborn
babies] in the NeoDoppler project.
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Kenneth K. Andersen (WP1)

Unconventional ultrasound transducer design
New ultrasound imaging and therapeutic modalities may
require or benefit from ultrasound transducer that can
operate at significantly different frequencies. To handle
the complexity of these dual-frequency transducers, we
have developed a numerical optimization method based on
linearizing the phase spectrum. Using this method, a dual-
frequency transducer has been designed and optimized for
Phoenix Solutions AS. The transducer has been prototyped
and tested, and is expected to be used in pre-clinical trials
in 2018.

Erik Andreas Berg (WP5)

Multimodality and interventional imaging
We refine and validate a computerized algorithm for 3D
transthoracic and transesophageal echocardiographic
measures for reconstruction of aortic root morphology.
We also work on a semi-automatic computerized
algorithm for semi-quantification of aortic and mitral valve
regurgitations based on ultrasound data, the clinical value
of an algorithm for continuous ultrasound monitoring of LV
function during major surgery, and an application for 3D
echocardiography of coronary arteries.

Antoine Blachet (WP2)

SONAR seabed mapping
Together with Kongsberg Maritime, | am exploring new
SONAR designs that could lead to improved performance
in some particular applications. One possibility is
to transmit advanced coded waveforms, inspired
from modern techniques used in radar and wireless
communication. We are trying to mitigate interferences
between signals transmitted at the same time. This will
make it possible to map multiple parts of the seabed at the
same time. It may also increase the sounding density, and
make the survey more efficient.

Seyed Ali Fatemi (WP2)

Acoustics and beamforming
State-of-the-art echocardiography allows to correctly
diagnose most of cardiovascular diseases. An unknown
source of clutter, however, hinders the visualization of the
heart in some cases. The aim of this project is to study the
cause of this clutter noise in the current echocardiograms
and to propose new processing methods to improve the
image quality.

Cristiana Golfetto (WP3)

Doppler and deformation imaging
Doppler measurements in coronary arteries are difficult
due to rapid motion of the myocardium and small vessel
dimensions. High frame rate 3D Doppler imaging with
retrospective spectral Doppler processing could potentially
solve this. However, the combination of low blood flow
velocities and excessive tissue motion in parts of the
cardiac cycle makes clutter suppression challenging. | am
working on finding an adaptive clutter filter able to reduce
power Doppler artefacts such as flashing and dropouts.
The project focuses on flow velocity measurements in non-
stationary and
noisy surroundings.

Thomas Granli (WP4)

Model-based flow estimation methods
Ultrasound vector-flow measurements are hampered by
noise, dropouts and erroneous outliers, thus the need
for robust filtering and reconstruction is imperative to its
continued adoption in clinical settings. This project focuses
on the development of model-based regularization and
robust Bayesian inference methods for fluid estimation
in the context of intracardiac blood flow using ultrasound
measurements. The overall aim is to improve ultrasound
estimation of clinical flow properties.

Aslak Lykre Holen (WP1)

Transmitters and receivers for
ultrasound systems
This project is developing transmitter and receive
hardware for low power and high integration targeting
medical ultrasound. The aim of this project is to study
low power adaptive solutions for integrated high voltage
ultrasound pulse generators with harmonic suppression,
and low power digital hardware beam formers for
ultrasound receivers.
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Thong Tuan Huyhn (WP1)

Non-ideal effects in transducers
Novel medical ultrasound imaging utilize the nonlinear
properties of the tissue. This requires a good control of the
nonlinear behaviour of the transmit system. The aim of this
project is to develop methods to explore and model the non-
ideal effects in this system, defined as any effect that can not
be described by an impulse response. The ultimate goal is to
develop methods to compensate for such effects by shaping
the transmit pulses. The project uses our 3D scanning
hydrophone measurement tank, connected to a GE Vingmed
Ultrasound scanner.

Wadi Mawad (WP7)

Cardiac blood flow and blood speckle tracking
The use of high-frame rate ultrasound and blood speckle
tracking allows the visualization of cardiac blood flow
patterns and quantification of flow characteristics such as
vorticity and energy losses. Changes in flow characteristics
are thought to precede overt cardiac remodeling which
makes them potential early biomakers of adverse cardiac
remodeling. This project focuses on the application of this
imaging technology to multiple congenital cardiac conditions
in children to assess its feasibility, reproducibility and to
demonstrate differences in flow characteristics.

Cameron Lowell Palmer (WPé)

User guidance tools and analysis tools
for handheld cardiac ultrasound
| work with augmented reality tool using a dynamic cardiac
anatomical model adapted in real-time during scanning.
Implementation of fully automatic mitral annulus motion
measurements on GE Vingmed’s new Vscan.

Andreas Sgrbrgden Talberg (WP2)

Acoustics and beamforming
The focus is on using ultrasonic non-destructive testing
methods in applications related to the oil & gas industry.
Current work is being conducted with WP3 to combine the
knowledge related to the propagation of waves in solids and
the use of Doppler methods to inspect flow behind a solid
layer through numerical and experimental work.

Morten Wigen (WP3)

3D Vector Flow Imaging
We are developing methods to image complex blood flow
inside the heart in 3D using ultrasound. Comparable
methods are currently only available using Phase-Contrast
MRI, which is cumbersome and time consuming. Using
ultrasound this method can be available bedside, and hence
increase the clinical accessibility. The project is dependent
on state-of-the-art 3D ultrasound equipment and involves
development of methods for data acquisition and 3D vector
flow estimation.

Marcus Wild (WP1)

Transdusers & Electronics
I investigate the heat generation and transfer within
ultrasound transducers. Heating can cause performance and
efficiency issues in modern transducers so it would therefore
be of interest to be able to accurately model the temperature
rise for a given design before prototyping. The initial part of
my PhD consists of characterising the loss mechanisms in
the piezoelectric component accurately for various external
conditions such as driving voltage or temperature. | will then
be using the determined losses to predict the temperature
rise in a piezoelectric component.

Andreas @stvik (WP4)

Image processing, analyzis and visualization
The goal of my PhD project is to utilize and further develop
machine learning methods to improve state-of-the-art
solutions in the field of ultrasound image analysis and
visualization. More specifically, research will be conducted
on tasks such as classification of standard plane views in
echocardiography, cardiac landmark detection and heart
chamber segmentation in ultrasound images.
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Postdocs

@ David Bouget (WP5)
. Multimodiality and interventional imaging
In order to measure blood pressure and flow through a
specific coronary artery, catheter insertion in the body is the
current diagnosis approach. In order to perform the same
measurement in a non-invasive manner, a solution is to use
a US probe to image the flow inside the coronaries. One
critical drawback is then the difficulty for the surgeon to
properly target a specific coronary using only the US data.
We are developing a system able to perform automatic
registration between a pre-recorded CT with segmented
coronaries and intra-diagnosis US data. In addition, the
system is planned to be able to track the US probe motion
in time in order to provide an accurate guidance map to the
surgeon for reaching more easily regions of interest.

@ Fabrice Prieur (WP2)
. Acoustics and beamforming
My contributions to the CIUS project deals with three main
areas: First, the use of nonlinear propagation in underwater
acoustics and exploring how the nonlinear effects of sound
propagation in water can contribute to improve image quality
in SONARs. Secondly, acoustic waves are often used to
inspect tank walls, pipe surface, or boreholes for weakness
signs such as corrosion, cracks, or bonding faults. Acoustic
waves travelling along this structure can be analyzed to
discover and position these weaknesses. Finally, | will use
my experience in simulations both using finite element
modelling method and finite time difference methods to
improve our understanding of the propagation of elastic
waves.

@ sebstien Salles (WP3)
. Doppler and deformation imaging
| work with the development of acquisition strategies
and processing algorithms for high frame rate 3D tissue
deformation imaging, utilizing the increased data information
available using parallel acquisition techniques. The overall
aim is to evaluate regions with specific properties such as
increased stiffness or reduced muscle contraction. Methods
will be based on Doppler, speckle tracking, and acoustic
radiation force principles.

@  Erik Smistad (WP4 and WP5)
. Image processing, analyzis and visualization
I'am primarily working on image segmentation, and
exploring new developments in the field of machine
learning and neural networks. The work has so far been on
classification of images as well as identifying structures,
such as blood vessels and the left ventricle. | have also
developed software tools for easy annotation of ultrasound
image data (Annotationweb), and tools for processing
ultrasound images with a trained neural network in real-
time.

Researchers with
External Financing
in CIUS-projects

Postdoctoral Researchers

Jorgen Avdal, NTNU
Ingvild Kinn Ekroll, NTNU
Solveig Fadnes, NTNU
Daniel Iversen, NTNU

PhD Candidates

Lars Eirik Bg, NTNU/SINTEF
Torvald Espeland, NTNU
Stefano Fiorentini, NTNU
Harald Garvik, NTNU

Jahn Fredrik Grue, NTNU
Trine Husby, NTNU

Stine Hverven, Ui0

Anna Karlberg, NTNU

Lars Kristian Lervik, NTNU
Elisabeth Grgnn Ramsdal, Ui0
Ole Marius Rindal, UiO

Lars Saxhaug, NTNU

Sofie Snipstad, NTNU

Silje Kjeernes @en, NTNU
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@ Tore Bj3stad
. Scientific Programmer
The main purpose of Bjastad’s work is to accelerate the
process of getting new methods and algorithms into a
product. Primarily, the product will be a GE Vingmed
ultrasound scanner intended for cardio vascular imaging.
This work will typically involve further development
of scanner code to make it capable of executing new
methods in real time, or to collect data for offline
processing, or in some cases just assistance in how to
set up and use existing functionality of the scanner.

' Jan D’hooge
. Professor
Professor Jan D'hooge of the University of Leuven in
Belgium visited NTNU as a guest researcher of CIUS
in 2017. Although D’hooge has long-standing relations
with some of the CUIS investigators, the main purpose
of his stay was to optimize the collaboration between
his lab in Leuven and CIUS" in Trondheim, in order
to maximally exploit potential synergies and avoid
redundancy where possible.

(  Martijn Frijlink
. Associate Professor
The Department of Micro- and Nanosystem Technology
(USN] are developing and investigating different
aspects of ultrasound transducers for applications in both
medical, maritime, and industrial fields. With Frijlink’s
background in different medical and nonmedical
ultrasound applications, and having experience
from the field of medical transducer design
and manufacturing, his contribution mainly consists
of supporting different ultrasound transducer related
projects.

' Bjgrnar Grenne
. Researcher
Grenne is a researcher at NTNU and a cardiologist at St.
Olavs hospital. His main research areas are advanced
echocardiography, valvular disease, coronary artery disease
and echocardiography in valve interventions.

q Bjgrn Olav Haugen
. Professor
Haugen is a professor at NTNU and consultant cardiologist at
Trondheim Hjertesenter. He has been involved in ultrasound
technology research since 1998, and is the leader of WP 6
and 7 in CIUS.

¢ Atan Hunter
. Associate professor
Dr. Alan Hunter is a researcher and engineering lecturer
at the University of Bath, UK. His research interests
are in underwater remote-sensing using acoustics and
autonomous systems, and he is a specialist in high-
resolution synthetic aperture SONAR imaging. Dr. Hunter
has been an Adjunct Associate Professor in the
Department of Informatics at the University of Oslo
(Ui0) since 2017.

' Tonni Franke Johansen
. Researcher
Tonni Franke Johansen is a researcher at SINTEF
and NTNU. His research interests are simulation and
instrumentation for ultrasonic measurements systems.
He contributes in research and supervision at USN
with piezoelectric transducers, and at NTNU with wave
propagation in layered media.

@ Yucel Karabiyik
. Researcher
Karabiyik works on developing algorithms for optimization
and automation of ultrasound Doppler imaging in fetal
medicine. His aim is to reduce the cost of an ultrasound
system while keeping the image quality sufficient, and the
ultimate goal is to provide easy-to-use Doppler imaging on a
portable cost effective ultrasound system that will be used in
fetal medicine.

@ cabriel Hanssen Kiss
Researcher

Hanssen Kiss works on fast registration and fusion
tools for cardiac applications in order to identify and
characterize the dynamics and function of cardiac
structures based on multi-modal image data.
In addiotion, he is also involved with augmented
reality visualization techniques to be used in the
echocardiographic lab under image acquisition.
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€  LucMertens
. Professor
Luc Mertens is Section Head, Echocardiography at the
Labatt Family Heart Centre, Hospital for Sick Children in
Toronto, Canada.
Dr. Mertens’ research
interests focus on using new echocardiographic
techniques to study the heart function in children.
He was recently appointed as a guest scientist at CIUS,
collaborating on applications of high-frame rate
ultrasound in children with heart disease.

' Alfonso Rodriguez Molares
Senior Engineer

Molares’ fields of research are acoustics and ultrasonics.
He is currently developing new beamforming techniques
to improve the ultrasound imaging of acoustically hard
surfaces, aiming to improve the visualization of bone
tissue in ultrasound images to support intraoperative
monitoring of spinal surgery.

@ ole christian Mjglstad
. Researcher
Mjglstad has worked with the development of pocketsize
ultrasound technology since 2009, trying to
improve physical examination and to increase diagnostic

precision. Mjglstad and his colleagues continuously work to

establish the position of pocketsize

ultrasound in daily clinical care. An important part is the
development and clinical evaluation of applications that
increase the usability among non-experts.

@ Anders Thorstensen
. Researcher
Thorstensen and his colleagues aim to evaluate the
diagnostic accuracy of post systolic foreshortening for
direct echocardiographic quantification of myocardial
infarct size, using LE-MRI as reference method. The areas
of post systolic of foreshortening are likely to benefit from
early revascularization in patients with acute myocardial
infarction.

CIUS Faculty

Svend Aakhus, Professor, NTNU

Knut E. Aasmundtveit, Professor, USN
Andreas Austeng, Professor, UiO

Havard Dalen, Associate Professor, NTNU
Catharina Davies, Professor NTNU

Hefeng Dong, Professor, NTNU

Live Eikenes, Associate Professor, NTNU
Roy Hansen, Professor Il, FFI/UiO

Espen Holte, Assistant Professor, St. Olav/NTNU
Tung Manh, Associate Professor, USN

Siri Ann Nyrnes, Researcher, NTNU

Tormod Selbekk, Research Manager, SINTEF
Annemieke van Wamel, Researcher, NTNU
Rune Wiseth, Professor, St. Olav/NTNU
Trond Ytterdal, Professor, NTNU

Andreas Aslund, Researcher, NTNU
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Dissemination,

CIUS acknowledges the importance
of communicating our research
to the public, and in 2017, CIUS

projects has been featured in local,

national and international press.

Ranging from touching patient stories to new scientific findings and tools,
we will continue to use different media platforms to spread our research
as widely as possible.

Different platforms calls for different ways of communication, and one
channel of information is the NTNU Medicine and Health blog. This is a
well-visited site where ClUS-affiliated researchers published 14 posts in
2017. The post "Microbubbles and focused ultrasound cure tumors in mice”
was read more than 2000 times and reached over 7000 people in social
media.

We will continue to make our researchers aware of their responsibility
to inform the public of important findings, and support them in taking
time to do so.
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Dissemination, Media and Outreach Activities

Media Overview

Toff start pd livet for Nina Alicja - Livet pé St. Olav

Enhancing marine sonar and medical ultrasound imagery using wave coherence
Automatic lung cancer staging using CT data

Blood flow secrets in small hearts

Reducing SONAR overheating

Skal forske pa kondisjon og hjerteflimmer

Leaky heart valves - new method for quantification by ultrasound

Pocket-sized ultrasound helps screen stroke patients

Dette norske gjennombruddet kan hjelpe millioner av diabetikere

Ultrasound automation simplifies detection of heart failure

Forskning taler for bruk av lommeultralyd pa slagpasienter

Nanotechnology combined with ultrasound advances chemotherapy treatment in recent lab experiments

Bringer medisin rett til kreftcellene og sparer friske celler

Nanotech delivers chemo medicine to cancer cells while protecting healthy cells

Bringer medisin rett til kreftcellene og sparer friske celler

Nanotechnology delivers medicine to cancer cells while protecting healthy cells
Ny forskning gir bedre kreftbehandling

Ultrasonic cement evaluation in oil and gas wells

One-probe-two-frequencies-numerical-optimization-of-dual-frequency-transducers

Det handholdte ultralydapparatet blir kalt legenes nye stetoskop
Det nye stetoskopet

Ultrasound - a cross-sector solution

Microbubbles and ultrasound cure tumours in mice

Can the growth rate of brain tumours help predict survival?
SFI-en CIUS pé Akustikksymposium

Universitetssykehuset St. Olavs Hospital

Beamforming - An international challenge

Dette er NTNU!

Improvements in ultrasound transducer design and manufacturing

Adresseavisen

NTNU medicine -blog
NTNU Medicine - blog
NTNU medicine - blog
NTNU medicine - blog
NRK Midtnytt

NTNU medicine - blog
NTNU medicine - blog
Teknisk Ukeblad
NTNU medicine - blog
Dagens Medisin
Azonano.com

ABC Nyheter
Beforeitsnews.com
Gemini
Nanowerk.com
Dagens Neeringsliv
NTNU medicine blog
NTNU medicine - blog
A-magasinet (online)
A-magasinet (print)
NTNU medicine - blog
NTNU Medicine - blog
NTNU Medicine - blog

Sverre Holm's blog

Facebook video- St. Olavs

NTNU Medicine - blog
Facebook video - NTNU
NTNU Medicine - blog

b7
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Dissemination, Media and Outreach Activities

v From top left: Professor Hans Torp at Forskningsdagene; Cristiana Golfetto speed updating on CIUS spring seminar;
Statoil visit to Department of Circulation and Medical Imaging; Mingling at CIUS fall seminar; loan-Alexandru Merciu
presenting during oil & gas seminar; Svein-Erik Masay presenting CIUS on Researchers Night.
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Annual accounts

for 2017

The annual account for 2017
deviated from the original budget
which can be attributed to slower
start-up and less in-kind gﬁﬁﬁ?ﬁ:ﬁﬁ;i?z%**
contributions from of the :
corporate partners.

Equipment: 885

FUNDING
(in 1000 NOK)

Host Institution: 7 475

h0 261

Research Council Grant: 11 405

Research Partners/
Public funding: 6 146*

COSTS
(in 1000 NOK)

Research & Development Partners: 3 563*

Host Institution: 22 803

/

~_ Industry Partners: 23 010**

*SINTEF, University of Oslo, University College of Southeast Norway, Helse Midt
Norge RHF, St. Olavs University Hospital HF, Nord-Trgndelag Hospital Trust.

**Statoil Petroleum AS, GE Vingmed Ultrasound AS, Archer-Berfen Technology
Center AS, Sensorlink AS, Phoenix Solutions AS, InPhase Solutions AS, Kongsberg
Maritime as, Halfwave AS, Aurotech Ultrasound AS, X-Fab Semiconductor Foundries

AS, Medistim ASA
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Scientific Publications, Presentations, and Degrees 2017

Journal Articles

AUTHOR/AUTHORS
Smistad,E, Bsstvik,A, Haugen,BO, Lavstakken,L
Bergh.T, Hafizovic,l, Holm,S

Ekroll, IK, Avdal,J
Atarzadeh,H, Xu,Y, Ytterdal,T

Garvik,H, Wulff,C, Ytterdal,T

Atarzadeh,H, Ytterdal,T

Myhre,0 F, Johansen,T F, Angelsen,B

Khan,NH, TegnanderE, Dreier,JM, Eik-Nes,S, Torp,H,
Kiss,6

Khan,NH, Tegnander,E, Storve,S, Dreier,JM, Eik-Nes,S,

Torp.H, Kiss,G

Grue,JF, Storve,S, Dalen,H,, Salvesen,d, Mjslstad,0C,
Samstad,S, Torp,H, Haugen,B0

Smistad,E, Iversen,DH, Leidig,L, Bakeng,JBL,
Johansen KF, Lindseth,F

Arneberg,HC Andersen,TA Lorés,L Torp,H
Scholbach,TE, Moe,T

Wild,MS, Hjelmervik KB, Hoff,L, Bring,M
Avdal,J, Lavstakken,L, Torp,H, Ekroll,IK

Selmeryd,J, Henriksen,E, Dalen,H, Hedberg,P

Ryspayeva,A, Andersen,KK, Hoff,L, Imenes,K
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Automatic measurements of tissue doppler indices to detect left
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Blood flow calculated in the uterine arteries based on the PixelFlux
technique

Blood Speckle Imaging - Initial experience in children

Blood Speckle Tracking - New insight to Pediatric Cardiology?
Boblende nanomedisin mot kreft

Boblende nanomedisin mot kreft

Boblende nanomedisin mot kreft

Boblende nanomedisin mot kreft
Cardiac vector flow imaging

Cement bond log interpretation in shale formations
Experimental evaluation of Lamb wave propagation in plates
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Lid,G (Supervisors: Hagen,A, Blekken,B, Ytterdal,T, Aunet,S)

Karabiyik.Y (Supervisors: Lovstakken,L, Ekroll,l, Torp.H, Eik-Nes, S)
Lars C.Lervik,LC (Supervisor: Staylen,A)
Holte,E (Supervisor: Rune Wiseth)

Snipstad,S (Supervisor: Davies,C)

Andersen,TA, Arneberg,HC (Supervisors: Eggebg,TM, Torp,H, Scholbach,T, Lords,L)
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https://www.linkedin.com/company/cius/
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Location
NTNU MTFS and ISB, located at @ya, St. Olavs hospital in Trondheim

CIUS NTNU, Faculty of Medicine and Health Sciences,
Department of Medical Imaging and Circulation,
PO Box 8905, 7491 Trondheim, Norway

Contact

Asta Haberg (CEQ]

+47 902 59 147 / asta.haberg@ntnu.no
Svein-Erik Mdsgy (Industry Liaison)

+47 926 25 082 / svein-erik.masoy@ntnu.no
Christina Kildal (Project Coordinator/Administrator)
+47 938 03 615 / christina.kildal@ntnu.no
Kari Williamson (Web & Communication)
+47 986 66 928 / kari.williamson@ntnu
Sigrid Berg (CIUS Intranet/Web)

+47 905 71 587 / sigrid.berg@sintef.no

Thanks to Hege Hovd at NTNU Grafisk senter for design and production of
this report and Freelancer Janne Tellefsen.
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