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MAGNETOM Terra is the first 7T scanner with FDA  
clearance and CE label for clinical use. The unique  
Dual Mode1 lets you switch between clinical and 
research operations, with separate database to  
distinguish between clinical and research scans. 
Whether for anatomical, functional, or metabolic 
imaging, MAGNETOM Terra increases your  
potential for translating research into clinical care. 
Get ready to enter new territories in MRI. 
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• Unlock research beyond clinical limits with
8-channel parallel transmit in research mode1

• Explore metabolism with multinuclear imaging
and spectroscopy
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clinical applications in Dual Mode
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General Information 
and Registration

• All courses are held in English.

• The duration of the courses are 2 to 4 days.

• A detailed programme of each course and the exact
time schedule is available on the ESMRMB website.

• Approximately 40% of the total teaching time
is used for repetitions, exercises and practical
demonstrations to practice and intensify the learning
experience.

• A maximum of 50 places per course are available.
Early registration is recommended.

• If less than 10 participants register, the ESMRMB
reserves the right to cancel a course, at the latest
4 weeks prior to the start of the course .

• The ESMRMB evaluates of all courses, and
guarantees didactically and scientifically
experienced teachers.

• Through its Lectures on Magnetic Resonance,
ESMRMB continues to offer teaching courses that
are especially designed to provide the physical
fundamentals of MR imaging, diffusion, perfusion,
spectroscopy and RF engineering, as well as
aspects of applications of these techniques in
clinical and biochemical research and development.
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Goals of the Courses

The course on Create your Own Echo: How to Generate, 
Calculate and Manipulate Echoes offers a physically and 
mathematically oriented description of basic and non-basic 
physical properties of spins exposed to penetrating radio 
frequency and gradient fields. Is it possible to generate a spin 
echo with two 10-degree RF pulses? What is the difference 
between a spoiled gradient echo sequence and a balanced 
steady state free precession technique?

RF-Pulses: Design and Applications

Radio frequency (RF) pulses are the tool by which nuclear 
spins are forced to do their “gymnastics” which reveals to us 
the internal structure of bodies and molecules in MRI and 
NMR experiments. 

The aim of the course is to provide an in-depth insight into 
the design and usage of RF pulses in magnetic resonance 
imaging. Starting from a basic introduction to the physics
of RF interaction with the spin system, the course will cover 
the major pulse design and calculation techniques and 
provide guidance how to choose suitable pulses in common 
MRI sequences. A special emphasis will also be put on the 
design and applications of so-called multidimensional RF 
pulses, particularly in combination with the concept of parallel 
RF transmission.

The course RF Simulation for MR systems: Coil Design 
and Safety is designed to give an in-depth introduction to 
the numerical computation of radio-frequency (RF) fields in 
magnetic resonance (MR) systems with the main focus on 
the application to RF coil design and patient RF safety. The 
goal of the course is to enable participants to solve typical 
MR-related field problems with suitable numerical models 
and to implement post-processing procedures to characterise 
multi-channel RF coils and to assess the RF exposure of 
patients/volunteers.
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The course on Resting State fMRI focuses on methodology 
and applications of this rapidly growing field. An overview will 
be provided on the major analysis strategies, applications, 
including those in clinical populations, and special emphasis 
will be put on the importance of physiological and other 
confounding factors, and the impact of different acquisition 
strategies.

Acquisition Strategies for Hyperpolarised Spin Systems: 
Spectral, Spatial and Temporal

Imaging of hyperpolarised substances is an emerging field 
with widespread applications, such as detecting metabolism 
via 13C labelled compounds or lung function via 129Xe gas. 
It differs from traditional thermally polarised MRI mainly by 
time and sensitivity considerations, as the hyperpolarised 
state is non-recoverably disappearing with T1 relaxation 
and excitation of magnetisation. The goal of the course is to 
familiarise the participants with these special constraints for 
imaging and teach MRI methods for imaging, reconstruction 
and quantification of hyperpolarised spins.

The course on Diffusion Weighted MR Spectroscopy 
is designed to provide a strong practical foundation in 
the principles of diffusion weighted magnetic resonance 
spectroscopy (DW-MRS) in all of its aspects. In clinical 
and preclinical research, incorporation of DW-MRS 
in a comprehensive protocol aimed at microstructural 
characterisation of tissue allows disentangling the effect of 
multiple pathological processes on tissue microstructure, and 
thus significantly increases the explanatory power of MR for 
the overall pathology. At present, however, incorporation of 
DW-MRS in standard protocols poses significant challenges: 
robust DW-MRS sequences are not offered on any of 
the commercially available MR scanners. DW-MRS data 
acquisition is highly susceptible to physiological fluctuations, 
and the DW-MRS signal is strongly affected by e.g. eddy 
currents generated by the strong diffusion weighting gradients 
and cardiac pulsation.
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June 5–7, 2019 
Max Planck Institute 
for Biological Cybernetics 
Tübingen/DE

Course organiser:
Klaus Scheffler
Max-Planck-Institute for Biological Cybernetics 
Tübingen/DE
Department of Biomedical Magnetic Resonance
University of Tübingen/DE

Local organisers:
Klaus Scheffler
Tina Schröder
Max-Planck-Institute for Biological Cybernetics 
Tübingen/DE
Department of Biomedical Magnetic Resonance
University of Tübingen/DE

Preliminary faculty:
O. Bieri, C. Ganter, K. Scheffler, M. Weigel

Create your own Echo: 
How to Generate, 
Calculate and 
Manipulate Echoes
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Learning objectives
Description of magnetisation in spatial 
and Fourier domain
• Bloch equations, applied to simple gradient and spin

echo techniques
• Description of magnetisation as Fourier series,

interpretation of Fourier coefficients as population of
states

• Theory of partitions/states

Signal formation in rapid gradient echo sequences
• The stopped pulse experiment
• Conditions and properties of the steady state
• Description of the steady state in spatial and
• Fourier domain

Signal formation in rapid spin echo sequences
• CPMG and non-CPMG condition
• CPMG with reduced refocusing flip angles
• Pseudo steady state
• Preparation of defined echo amplitudes

Quantitative echoes
• Technical Aspects & Challenges
• Past and New Quantification Approaches
• Selected Transient Methods

Selected Steady State Methods
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June 13–15, 2019 
Institute for Biomedical 
Engineering (IBT) 
University and ETH Zurich/CH

Course organisers:
Martin Haas
Bruker BioSpin MRI GmbH
Ettlingen/DE

Franciszek Hennel 
Institute for Biomedical Engineering (IBT)
University and ETH Zurich/CH

Local organisers:
Franciszek Hennel
Markus Weiger
Institute for Biomedical Engineering (IBT)
University and ETH Zurich/CH

Preliminary faculty:
Martin Haas, Franciszek Hennel, Jürgen Hennig, 
Ulrich Katscher, Rolf Schulte, Jan Warnking

RF-Pulses: Design 
and Applications
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Learning objectives
Basic RF pulse physics
• Interaction of RF with the spins: From quantum

mechanics to classical view
• Frequency-selective pulses in Small-Tip-Angle (STA)

approximation

Large-Tip-Angle pulses
• Introduction into calculation methods for Large-Tip-Angle

(LTA) pulses

RF pulses
• Adiabatic pulses
• Multislice pulses

Multidimensional RF pulses
• Multidimensional spatially selective excitation (SSE):

Localisation of the excitation in more than one dimension
• Multidimensional excitation k-space

Parallel RF transmission
• From multidimensional excitation to parallel excitation/

transmit SENSE: Introducing new degrees of freedom

Hands-on workshop
• Simulation of RF pulses
• Getting an intuitive understanding of the effects

of RF pulses on spins
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S. Orzada, A. Raaijmakers, B. Steensma, J. Tokaya,
T. Wittig

RF simulation for MR 
systems: Coil Design 
and Safety

Late August, 2019 
Aachen/DE

Course organisers:
Alexander Raaijmakers
University Medical Center Utrecht/NL

Andreas Bitz
FH Aachen – University of Applied Sciences
Aachen/DE

Local organiser:
Andreas Bitz
FH Aachen – University of Applied Sciences
Aachen/DE

Preliminary faculty:
A. Bitz, H. Bousleiman, C. Collins, O. Kraff, M. Murbach,
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Learning objectives
Maxwell’s equations
• Characteristics of EM fields
• Reciprocity
• Spin excitation and signal reception

Numerical methods
• Discretizing Maxwell’s equations
• FIT, FDTD, FEM, MoM

Validation methods
• B1+ mapping,Thermometry, RF field measurements

RF coil design and characterisation
• Loop coil, dipole antenna, birdcage coil
• Multi-channel transmit and receive arrays
• B1+ efficiency, SNR, g-factor

RF safety and guidelines
• Exposure assessment based on specific absorption rate 

and tissue temperature
• RF safety of implants

Exercises
• Modelling options with selected numerical methods
• Simulation of birdcage coils and RF coil arrays
• RF coil characterisation
• Determination of RF exposure
• Thermal simulation
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September 12–13, 2019 
University of Tübingen/DE

Course organisers:
Martin Walter
University of Tübingen/DE

Ilya Veer 
Charité – Universitätsmedizin Berlin/DE

Local organiser:
Martin Walter
University of Tübingen/DE

Preliminary faculty:
V. Kiviniemi, J. Kruschwitz, M. Li, G. Lohmann, 
C. Windischberger

Resting State fMRI 
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Learning objectives
What is resting state fMRI?
• How do we acquire the data?
• What is the impact of instructions?

How do we process rs-fMRI data?
• What are basic analysis strategies of local 

and interregional activity?
• How do we treat physiological noise?

What is connectivity?
• What is discerned: Cross correlation, granger causality, 

standard seed based approaches or partial correlation?

What are brain networks?
• What are functional networks of the brain?
• How do we use ICA and what is it good for?

What is the default mode network?
• What are task positive and task negative networks?
• What are functions of the default mode network?

What about interindividual variability?
• What is reliable, what stable and what changes 

in rs-fMRI?
• What are dynamic properties of connectivity?

Which clinical aspects can we investigate?
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September 18–20, 2019 
GE Healthcare 
Garching by Munich/DE

Course organiser:
Rolf Schulte
GE Healthcare

Local organisers:
Rolf Schulte, Marion Menzel
GE Healthcare

Franz Schilling
Technical University of Munich

Preliminary faculty:
J. H. Ardenkjaer-Larsen, S. Kozerke, M. Menzel, 
F. Schilling, R. Schulte, J. Wild

Acquisition Strategies 
for Hyperpolarised Spin 
Systems: Spectral, 
Spatial and Temporal
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Learning objectives
At the end of the course the student will be able to:
• Explain basic imaging sequences for chemical shift 

imaging (CSI and EPSI)
• Explain advantages and limitations of non-Cartesian 

sequences and exploit the sparsity of the spectral 
dimension

• Explain hardware (scanner) requirements for 
hyperpolarisation imaging

• Design specialised RF pulses for spectral-spatial 
excitation

• Understand that hyperpolarised imaging is still limited by 
SNR, and not so much by encoding speed

• Know about limitations of parallel imaging and 
compressed sensing for hyperpolarised molecules

• Use methods for quantification of spectral data such as 
intensity, integration, frequency and time domain fitting

• Model kinetic (temporal) data, explain exchange 
reactions and methods of solving the rate equations, and 
correct for relaxation and RF excitation

• Provide a biological interpretation of rate constants 
and other parameters extracted from in vivo 
hyperpolarisation data
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October 23–25, 2019 
ICM - Institut du Cerveau 
et de la Moelle épinière 
Hôpital Pitié-Salpêtrière 
Paris/FR

Course organisers:
Francesca Branzoli
Center for Neuroimaging Research (CENIR) – ICM
Paris/FR

Itamar Ronen 
C. J. Gorter Center for High Field MRI
Leiden University Medical Center
Leiden/NL

Julien Valette 
Molecular Imaging Research Center
Commissariat à l’énergie atomique
et aux énergies alternatives (CEA)
Fontenay-aux-Roses/FR

Local organisers:
Francesca Branzoli
Center for Neuroimaging Research (CENIR) – ICM
Paris/FR

Preliminary faculty:
F. Branzoli, R. Kreis, C. Ligneul, H. Lundell, 
M. Palombo, I. Ronen, N. Shemesh, J. Valette

Diffusion Weighted 
MR Spectroscopy
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Learning objectives
DW-MRS pulse sequences
• Optimised incorporation of diffusion weighting in 

standard SV-MRS sequences
• Minimisation of eddy currents and cross-terms with 

background gradients
• Isotropic DW-MRS
• 2D-DW-CSI: Challenges and the strategies for the use of 

navigators to minimize signal fl uctuations
• Double diffusion encoding spectroscopy (DDES)
• Designing the right DW-MRS experiment to answer a 

specifi c question

Post-processing of DW-MRS data
• Major sources of error in DW-MRS data and their 

correction
• Strategies for optimal eddy current correction for SV and 

2D-DW-CSI data
• The subtle art of cardiac triggering and other prospective 

motion correction strategies
• Spectral quantifi cation

Modelling and analysis
• Obtaining standard diffusion metrics from DW-MRS data
• Incorporation of models of cellular geometry for obtaining 

further information about cellular microstructure
• Incorporation of data from other MR modalities (DTI) for 

refi ning and increasing the amount of microstructural 
information from DW-MRS

Emerging neuroscience and clinical research 
applications
• Attendees and faculty will present and discuss emerging 

DW-MRS applications in basic science and clinical 
research
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Registration Fees

The registration fee includes:
Teaching material of the course (digital Syllabus), 
Coffee Lunch, and an invitation to the Welcome Reception

Early registration fees 
(until 8 weeks prior to the course)

Regular fee

ESMRMB Members ......................................  € 420
ESR Members ..............................................  € 530
Non-Members ...............................................  € 600

Reduced fee
Juniors, Radiographers, Seniors

ESMRMB Members ......................................  € 300
ESR Members ..............................................  € 325
Non-Members ...............................................  € 350

Late registration fees 
(from 8 weeks prior to the course)

Regular fee

ESMRMB Members ......................................  € 560
ESR Members ..............................................  € 670
Non-Members ...............................................  € 740

Reduced fee
Juniors, Radiographers, Seniors

ESMRMB Members .......... € 400
ESR Members .................. € 425
Non-Members ................... € 450

Register online atesmrmb.org
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