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Symposium	Objective	
	

The	human	brain	is	a	complex,	hierarchically	structured	and	interconnected	system.	
Despite	intense	research	activities	and	advancements,	it	is	still	considered	one	of	the	
least	understood	organs	in	the	human	body.	

Recent	developments	and	ongoing	progress	in	neuroimaging	in	general	and	magnetic	
resonance	imaging	(MRI)	in	particular	offer,	however,	new	insights	into	structure	and	
function	of	the	brain,	the	mutual	interplay	of	and	the	connectivity	between	different	
brain	 regions,	 and	 even	 metabolic	 processes	 underlying	 brain	 activity	 –	 i.e.	 infor-
mation	 that	 play	 a	 fundamental	 role	 in	 every	 field	 of	 application	 from	 laboratory	
neuroscience	to	clinical	routine.	

Successful	translation	of	the	image	information	into	accepted	knowledge	and	even-
tually	 improved	 clinical	 outcome	 requires	 close	 collaboration	 of	 researchers	 of	 dif-
ferent	disciplines	–	e.g.	physicists	developing	MR	sequences,	computer	scientists	and	
mathematicians	 extracting	 and	 representing	 the	 image	 information,	 and	 biologists,	
neuro-scientists	and	physicians	for	biomedical	interpretation	and	clinical	application	
of	the	extracted	information.	

The	 symposium	 Images	 and	 Networks	 of	 the	 Brain	 (ImNeB)	 addresses	 exactly	 this	
interdisciplinary	 character	 inherent	 to	 any	 neuroimaging-	 and	 neuroscience-based	
research	close	to	the	clinic.	It,	consequently,	focuses	on	

• novel	approaches	in	neuroimaging,	
• promising	methods	in	neuro-image	processing	and	analysis,	and	
• brain	connectivity	and	network	analysis.	

ImNeB	especially	aims	 to	promote	young	scientists	by	 fostering	 intense	discussions	
of	 ideas	 between	 the	 young	 scientists	 and	 experts	 of	 the	 different	 disciplines.	 It	
therefore	features	only	short	presentations	(15	min),	followed	by	the	same	amount	
of	 time	 for	 discussion.	 To	 further	 account	 for	 the	 increasing	 importance	 of	 Deep	
Learning	(DL)	in	the	addressed	disciplines,	the	first	FMTHH	DL	hackathon	for	UKE	and	
TUHH	members	takes	place,	organized	by	the	UKE,	the	Hamburg	University	of	Tech-
nology	(TUHH)	and	the	Forschungszentrum	Medizintechnik	Hamburg	(FMTHH).	

In	 short:	With	 Images	and	Networks	of	 the	Brain	 2018,	we	hope	 to	provide	a	plat-
form	for	interdisciplinary	and	inspiring	discussions.	We	are	looking	forward	to	meet-
ing	you	at	the	symposium.	

René	Werner	 	 	 	 Ivo	M.	Baltruschat	
Nils	D.	Forkert		 	 	 	 Leonhard	A.	Steinmeister	
Eckhard	Schlemm	 	



	

	

Program-at-a-glance	
Tuesday,	April	24th:	Neuroimaging	
Chair:	Nils	D.	Forkert	(University	of	Calgary)	

Good	Morning	Coffee		

09:15	 René	Werner	(UKE	Hamburg):	 	
Opening	Statement	

09:30	 Martin	Koch	(University	of	Lübeck):	 	
Probing	tissue	structure	beyond	image	resolution:		
Diffusion-weighted	MR	imaging	

10:00	 Siawoosh	Mohammadi	(UKE	Hamburg):		
NODDI-DTI:	extracting	neurite	orientation	and	dispersion	parameters	
from	a	diffusion	tensor	in	healthy,	normal-appearing	white	matter	

Coffee	Break	

11:00	 Matthias	Günther	(Fraunhofer	MeVis	Bremen	&	University	Bremen)	
Pushing	Time-encoded	Arterial	Spin	Labeling	to	the	next	Level	

11:30	 David	Lurie	(University	of	Aberdeen):	
Fast	Field-Cycling	(FFC)	MRI:	Biomarkers	through	T1-Dispersion	

12:00	 Peter	Ludewig	(UKE	Hamburg):	
Magnetic	Particle	Imaging	for	Neurological	Applications	

Lunch		

Tuesday,	April	24th:	Neuro-Image	Computing	
Chair:	René	Werner	(UKE	Hamburg)	

14:00	 Björn	Menze	(TU	München):	
BRATS	-	updated		

14:30	 Jakob	Wasserthal	(DKFZ	Heidelberg):	 	
Machine	Learning	in	Diffusion	Tractography		

15:00	 Marius	Staring	(Leiden	University	Medical	Center):	
Deformable	image	registration	by	convolutional	neural	networks	

Coffee	Break	

	



	

	

16:00	 Julia	Krüger	(University	of	Lübeck):	
	Statistical	Appearance	Models	based	on		
Probabilistic	Correspondences	

16:30	 Nils	D.	Forkert	(University	of	Calgary):		
Multiparametric	Prediction	of	Tissue	Outcome	in		
Acute	Ischemic	Stroke	Patients	

17:00	 Christian	Gaser	(Universitätsklinikum	Jena):	
Pattern	recognition	for	image-based	brain	age	estimation	

17:30	 René	Werner	(UKE	Hamburg):		
Closing	Remarks	

Speakers’	Dinner	

Wednesday,	April	25th:	Brain	Connectivity	/	Networks	
Chair:	Eckhard	Schlemm	(UKE	Hamburg)	

Good	Morning	Coffee	

09:15	 Eckhard	Schlemm	(UKE	Hamburg):	 	
Opening	Statement	

09:30	 Michel	Thiebaut	de	Schotten	(ICM	Paris):	
Identical,	Similar	or	Different:	Is	a	single	Brain	Model	Sufficient?	

10:00	 Parashkev	Nachev	(UCL,	London):	
Modern	Lesion	Deficit	Analysis	

10:30	 Andreas	Engel	(UKE	Hamburg):	
Intrinsic	coupling	modes:	a	multiscale	framework	for	cognitive	net-
work	dynamics	

Coffee	Break	

11:30	 Roberto	Toro	(Institut	Pasteur,	Paris):	
	 Imaging	Genetics	
12:00	 	Petra	Vértes	(University	of	Cambridge):	

Genomics	of	brain	network	phenotypes	in	health	and	in	disease	
12:30	 Robert	Blick	(University	of	Hamburg):	

Synthetic	3D	Neuronal	Networks	
13:00	 Claus	C.	Hilgetag	(UKE	Hamburg):		

Closing	Remarks	
Farewell	Lunch	



	

	

Wednesday,	April	25th:		
1st	FMTHH	Deep	Learning	Hackathon	
14:30	–	18:30	

Introduction	and	discussion	of		

DAISY	(=	deep	learning	architectures	for	biomedical	imaging	systems)	

the	joint	deep	learning	platform	of	the	University	Medical	Center	Hamburg-
Eppendorf	(UKE)	and	the	Hamburg	University	of	Technology	(TUHH).	

Funded	by	the	Forschungszentrum	Medizintechnik	Hamburg	(FMTHH).	

For	UKE	and	TUHH	members	only.	

If	you	would	like	to	participate	in	the	Hackathon,		
please	send	an	informal	email	to:	r.werner@uke.de	

	

Hackathon	organizers	and	moderators:	

Ivo	M.	Baltruschat	(TUHH	Hamburg)	
Leonhard	A.	Steinmeister	(UKE	Hamburg)	
René	Werner	(UKE	Hamburg)	
	
	
	 	



	

	

Abstracts	
	
Probing	tissue	structure	beyond	image	resolution:		
Diffusion-weighted	MR	imaging		
Martin	Koch	(University	of	Lübeck)	

Magnetic	resonance	methods	can	be	used	to	quantify	the	characteristics	of	water	diffusion	in	
brain	tissue.	Some	of	these	are	being	applied	in	clinical	routine,	such	as	stroke	imaging.	These	
approaches	 can	 provide	 information	 on	 tissue	 structure	 since	 the	 random	motion	 of	 water	
molecules	 is	affected	by	 the	presence	of	 cell	membranes.	 In	 recent	years,	a	number	of	new	
diffusion-related	methods	arose	 for	measuring	previously	 inaccessible	parameters	describing	
tissue	 structure.	The	 talk	 focuses	on	double	diffusion	encoding,	which	provides	an	access	 to	
assessing	size	and	shape	of	pores	and	cells	 in	vivo.	A	short	 review	of	 this	approach	 is	given,	
including	the	relationship	to	other	diffusion-weighted	magnetic	resonance	imaging	approach-
es.	
	
NODDI-DTI:	extracting	neurite	orientation	and	dispersion	parameters	from	
a	diffusion	tensor	in	healthy,	normal-appearing	white	matter	
Siawoosh	Mohammadi	(UKE	Hamburg)		

This	talk	introduces	an	analytical	relation	between	biophysical	parameters	from	a	reduced	
version	of	the	NODDI	model	(neurite	density	and	dispersion)	and	physical	parameters	from	DTI	
(e.g.	fraction	anisotropy	and	mean	diffusivity).	The	NODDI-DTI	signal	model	contains	no	CSF	
compartment,	restricting	application	to	voxels	without	CSF	partial-volume	contamination.	The	
NODDI-DTI	relations	formally	allow	extraction	of	biophysical	parameters	from	DTI	data.	More-
over,	it	is	demonstrated	that	diffusional	kurtosis	strongly	biased	DTI-based	MD	values.	A	novel	
heuristic	correction	is	introduced	to	mitigate	this	bias,	requiring	only	DTI	data.	Finally,	it	is	
shown	that	NODDI-DTI	is	a	promising	model	and	technique	to	interpret	restricted	datasets	
acquired	for	DTI	analysis	in	healthy	white	matter	with	greater	biophysical	specificity,	though	
its	limitations	must	be	borne	in	mind.	
	
Pushing	Time-encoded	Arterial	Spin	Labeling	to	the	next	Level	
Matthias	Günther	(Fraunhofer	MeVis	Bremen	&	University	Bremen)		

Arterial	spin	labeling	(ASL)	is	a	truly	noninvasive	MR	approach	to	assess	hemodynamic	param-
eters	 like	macrovascular	 blood	 flow	 and	microvascular	 perfusion.	 In	 recent	 years,	 ASL	 tech-
niques	have	been	developed	which	allow	for	very	efficient	acquisition	of	dynamic	flow	infor-
mation	combined	with	additional	contrasts.	For	this,	inflowing	blood	is	modulated	with	certain	
label/control	 patterns,	 which	 provide	 information	 on	 spatial	 localization	 along	 the	 vascular	
tree	ranging	from	arteries,	arterioles	to	the	capillary	exchange	site.	Therefore,	sub-pixel	infor-
mation	 can	 be	 derived,	 which	 even	 includes	 the	 potential	 of	 assessing	 the	 integrity	 of	 the	
blood-brain-barrier.	 The	 talk	will	 cover	 technical	 details	 as	well	 as	 preliminary	 experimental	
data.	



	

	

Fast	Field-Cycling	(FFC)	MRI:	Biomarkers	through	T1-Dispersion	
David	Lurie	(University	of	Aberdeen)		

Much	of	 the	contrast	 in	MRI	arises	 from	differences	 in	T1	between	normal	and	diseased	tis-
sues.	 Studies	 on	 small	 tissue	 samples	 have	 shown	 that	 extra	 information	 could	be	obtained	
from	T1-dispersion	measurements	(T1	versus	magnetic	field),	but	this	 information	is	 invisible	
to	 standard	MRI	 scanners,	which	operate	only	at	 fixed	magnetic	 field	 (e.g.	1.5	T,	3.0	T).	We	
have	 developed	 Fast	 Field-Cycling	 Magnetic	 Resonance	 Imaging	 (FFC-MRI)	 to	 exploit	 T¬1-
dispersion	as	a	potential	biomarker,	with	the	aim	of	increasing	diagnostic	potential.	
In	FFC,	the	magnetic	field	is	switched	rapidly	between	levels	during	the	pulse	sequence.	In	this	
way,	 a	 single	 instrument	 can	 be	 used	 to	 measure	 T1	 over	 a	 wide	 range	 of	 magnetic	 field	
strengths.	 FFC-MRI	 obtains	 spatially-resolved	 T1-dispersion	 data,	 by	 collecting	 images	 at	 a	
range	of	evolution	fields.	We	have	built	a	range	of	FFC-MRI	equipment,	including	a	whole-body	
human	sized	scanner,	operating	at	a	detection	field	of	0.2	T.		
Our	 lab	 is	 investigating	 a	 range	 of	 applications	 of	 FFC	 relaxometry	 and	 FFC-MRI.	 We	 have	
recently	 begun	 exploring	 clinical	 applications	 and	 have	 imaged	 patients	 who	 have	 had	 an	
ischaemic	stroke;	the	stroke-affected	brain	tissues	are	seen	as	hyper-intense	regions	in	ultra-
low-field	(200	µT)	FFC	images.	
This	presentation	will	cover	the	main	techniques	used	in	FFC-MRI	and	will	summarise	current	
and	potential	bio-medical	applications	of	the	methods.	Information	on	FFC-MRI	and	copies	of	
publications	are	available	at	www.abdn.ac.uk/research/ffc-mri.	
	
Magnetic	Particle	Imaging	for	Neuro	Applications	
Peter	Ludewig	(UKE	Hamburg)		

Magnetic	particle	imaging	(MPI)	is	a	new	background-free	tomographic	imaging	method	which	
directly	detects	superparamagnetic	iron	oxide-based	contrast	agents	(SPIOs).	
Compared	to	other	conventional	imaging	methods,	MPI	combines	a	superior	temporal	resolu-
tion	 (21.5ms)	 with	 a	 good	 spatial	 resolution	 (0.4mm)	 allowing	 3D	 real-time	 assessment	 of	
vasculature	 and	 perfusion	 without	 X-rays	 or	 nephrotoxic	 contrast	 agents.	 In	 addition,	 MPI	
scanners	can	be	built	as	prehospital	mobile	devices,	which	require	less	complex	infrastructure	
than	computed	tomography	(CT)	and	magnetic	resonance	imaging	(MRI).	In	this	talk,	we	show	
that	MPI	 can	 be	 used	 for	 the	 diagnosis	 of	 acute	 pathologies	 like	 ischemic	 stroke.	 Cerebral	
ischemia	was	induced	by	inserting	of	a	microfilament	in	the	internal	carotid	artery	in	C57BL/6	
mice,	thereby	blocking	the	blood	flow	into	the	medial	cerebral	artery.	After	the	injection	of	a	
contrast	 agent	 specifically	 tailored	 for	 MPI,	 cerebral	 perfusion	 and	 vascular	 anatomy	 were	
assessed	by	the	MPI	scanner	within	seconds.	For	the	first	time,	we	showed	that	MPI	could	be	
used	as	a	diagnostic	tool	 for	relevant	diseases	 in	vivo,	such	as	an	 ischemic	stroke.	Due	to	 its	
shorter	image	acquisition	times	and	increased	temporal	resolution	compared	to	that	of	MRI	or	
CT,	we	expect	that	MPI	offers	the	potential	to	improve	stroke	imaging	and	treatment.		
Additionally,	we	give	an	outlook	how	MPI	may	revolutionize	not	only	stroke	imaging	but	also	
stroke	 treatment,	 as	 the	magnetic	 fields	 of	 the	MPI	 can	 be	 used	 for	 catheter	 guidance	 and	
targeted	drug	delivery.	
	



	

	

BRATS	–	updated	
Björn	Menze	(TU	München)		

Gliomas	are	the	most	common	primary	brain	malignancies,	with	different	degrees	of	aggres-
siveness,	 variable	 prognosis	 and	 various	 heterogeneous	 histological	 sub-regions,	 i.e.	 peritu-
moral	edema,	necrotic	core,	enhancing	and	non-enhancing	tumor	core.	This	 intrinsic	hetero-
geneity	 of	 gliomas	 is	 also	portrayed	 in	 their	 imaging	phenotype	 (appearance	 and	 shape),	 as	
their	 sub-regions	are	described	by	 varying	 intensity	profiles	disseminated	across	multimodal	
MRI	 scans,	 reflecting	 varying	 tumor	 biological	 properties.	 Due	 to	 this	 highly	 heterogeneous	
appearance	and	shape,	segmentation	of	brain	tumors	 in	multimodal	MRI	scans	 is	one	of	 the	
most	challenging	tasks	in	medical	image	analysis.	
	In	 this	 paper	we	 report	 first	 results	 of	 the	 comprehensive	 analysis	 of	 the	Multimodal	 Brain	
Tumor	 Image	Segmentation	Benchmark	 (BRATS)	2012	 to	2016,	updating	on	 the	previous	 re-
port	from	2013.	About	70	tumor	segmentation	algorithms	were	applied	to	a	set	of	about	450	
multi-contrast	MR	scans	of	 low-	and	high-grade	glioma	patients.	 In	this	updated	analysis,	we	
will	discuss	a	new	approach	for	ranking	different	algorithms	using	the	information	of	different	
subtasks,	such	as	whole	tumor	segmentation,	active	tumor	segmentation,	segmentation	of	the	
tumor	core,	each	of	them	evaluated	by	multiple	performance	scores,	such	as	Dice,	Hausdorff,	
or	volume	mismatch	values.	We	 introduce	and	compare	different	 scores	used	 to	detect	and	
evaluate	longitudinal	changes	of	tumor	growth.	Confirming	results	of	our	previous	analysis,	we	
find	 a	 stark	 benefit	 of	 fusing	 segmentation	 results	 of	multiple	 algorithms	 and,	 in	 particular,	
those	 ‘Dockerized’	 glioma	 segmentation	 algorithms	 that	 are	 made	 available	 on	 the	 BRATS	
repository	as	a	resource	for	public	use.	
	Finally,	I	will	present	ongoing	efforts	and	future	plans	for	a	multi-centric	glioma	image	reposi-
tory	 that	 will	 pool	 MR	 scans	 of	 glioma	 patients,	 will	 make	 use	 of	 algorithms	 developed	 in	
BRATS,	and	will	help	shaping	future	editions	of	the	benchmark.	
	
Machine	Learning	in	Diffusion	Tractography	
Jakob	Wasserthal	(DKFZ	Heidelberg)		

Tractography	enables	the	reconstruction	of	white	matter	fibers	from	diffusion-weighted	imag-
es.	However,	traditional	tractography	algorithms	tend	to	produce	substantial	amounts	of	false	
positives,	 therefore	 limiting	the	validity	of	 tractography	results.	Machine	 learning	has	shown	
great	 potential	 for	many	medial	 applications	 in	 recent	 years.	 This	 talk	will	 explore	 different	
options	for	incorporating	machine	learning	into	tractography	to	solve	some	of	its	limitations:	
For	 traditional	 streamline	 tracking	 choosing	 the	 best	 direction	where	 to	 go	 next	 can	 be	 im-
proved	by	 learning	 the	best	direction	with	 shallow	or	deep	models.	Going	one	 step	 further,	
even	 entire	 fiber	 bundles	 can	 be	 segmented	with	 high	 accuracy	 using	 deep	 learning.	 Using	
convolutional	neural	networks	also	enables	the	prediction	of	bundle	specific	Tract	Orientation	
Maps	which	help	to	disentangle	crossing	fibers.	
	
	



	

	

Deformable	image	registration	by	convolutional	neural	networks	
Marius	Staring	(Leiden	University	Medical	Center)		

In	 this	 paper	we	 propose	 a	method	 to	 solve	 nonrigid	 image	 registration	 through	 a	 learning	
approach,	instead	of	via	iterative	optimization	of	a	predefined	dissimilarity	metric.	We	design	
a	Convolutional	Neural	Network	 (CNN)	architecture	 that	directly	estimates	 the	displacement	
vector	field	(DVF)	from	a	pair	of	input	images.	The	proposed	RegNet	is	trained	using	a	large	set	
of	artificially	generated	DVFs,	does	not	explicitly	define	a	dissimilarity	metric,	and	 integrates	
image	content	at	multiple	scales	to	equip	the	network	with	contextual	information.	At	testing	
time	nonrigid	registration	is	performed	in	a	single	shot,	in	contrast	to	current	iterative	meth-
ods.	
We	tested	RegNet	on	3D	chest	CT	follow-up	data	as	well	as	on	3D	brain	MRI.	The	results	show	
that	 the	accuracy	of	RegNet	 is	on	par	with	a	conventional	B-spline	 registration,	 for	anatomy	
within	the	capture	range.	Training	RegNet	with	artificially	generated	DVFs	is	therefore	a	prom-
ising	approach	for	obtaining	good	results	on	real	clinical	data,	thereby	greatly	simplifying	the	
training	problem.	Deformable	image	registration	can	be	successfully	casted	as	a	learning	prob-
lem.	
	
Statistical	Appearance	Models	based	on		
Probabilistic	Correspondences		
Julia	Krüger	(University	of	Lübeck)		

Model-based	 image	analysis	 is	 indispensable	 in	medical	 image	processing.	One	key	aspect	of	
building	 statistical	shape	 and	 appearance	models	 is	 the	 determination	 of	 one-to-one	 corre-
spondences	in	the	training	data	set.	At	the	same	time,	the	identification	of	these	correspond-
ences	 is	 the	most	 challenging	 part	 of	 such	methods.	 In	 our	 earlier	 work,	 we	 developed	 an	
alternative	 method	 using	 correspondence	 probabilities	 instead	 of	 exact	 one-to-one	 corre-
spondences	for	a	statistical	shape	model.	In	this	work,	a	new	approach	for	statistical	appear-
ance	models	without	one-to-one	correspondences	is	proposed.	A	sparse	image	representation	
is	used	to	build	a	model	that	combines	point	position	and	appearance	information	at	the	same	
time.	 Probabilistic	 correspondences	 between	 the	 derived	multi-dimensional	 feature	 vectors	
are	used	to	omit	the	need	for	extensive	preprocessing	of	finding	 landmarks	and	correspond-
ences	as	well	as	to	reduce	the	dependence	of	the	generated	model	on	the	landmark	positions.	
Model	 generation	 and	 model	 fitting	 can	 now	 be	 expressed	 by	 optimizing	 a	 single	 glob-
al	criterion	derived	 from	a	maximum	a-posteriori	 (MAP)	approach	with	respect	 to	model	pa-
rameters	that	directly	affect	both	shape	and	appearance	of	the	considered	objects	inside	the	
images.	 The	 proposed	 approach	 describes	 statistical	 appearance	modeling	 in	 a	 concise	 and	
flexible	mathematical	 framework.	Besides	eliminating	the	demand	for	costly	correspondence	
determination,	 the	method	 allows	 for	 additional	 constraints	 as	 topological	 regularity	 in	 the	
modeling	process.	 In	contrast	to	classical	statistical	models,	which	explicitly	model	the	organ	
shape	by	distinct	 landmark	positions	and	are	 therefore	mainly	used	 for	 the	segmentation	of	
the	modeled	organ	in	new	image	data,	this	work	presents	versatile	application	possibilities	for	
the	 proposed	method.		 The	 flexibility	 of	 the	 framework	 is	 further	 demonstrated	 by	 the	 fact	
that	the	proposed	maximum	a-posteriori	formulation	and	optimization	method	can	be	used	to	



	

	

formulate	 a	 registration	 approach	 for	 two	 images	 based	 on	 the	 use	 of	 probabilistic	 corre-
spondences.	 The	 advantage	 of	 such	 a	 probabilistic	 registration	 algorithm	 is	 the	 robustness	
against	corrupted	and	pathological	regions	occurring	exclusively	 in	one	of	the	two	images.	 In	
addition,	these	areas	(e.	g.,	tumor	or	stroke	tissue)	can	be	automatically	identified	by	analyzing	
the	correspondence	probabilities. 

		
Multiparametric	Prediction	of	Tissue	Outcome	in		
Acute	Ischemic	Stroke	Patients		
Nils	D.	Forkert	(University	of	Calgary)		

Decisions	 regarding	 the	 treatment	 of	 acute	 stroke	 rely	 heavily	 on	 acute	 stroke	 imaging,	 but	
interpretation	can	be	difficult	for	physicians.	Machine	learning	methods	have	the	potential	to	
assist	physicians	by	providing	predictions	of	tissue	outcome	for	different	treatment	approach-
es	based	on	acute	multi-parametric	 imaging.	To	produce	such	clinically	viable	machine	learn-
ing	models,	 factors	such	as	classifier	choice,	data	normalization,	and	data	balancing	must	be	
considered.	This	study	gives	comprehensive	consideration	to	these	 factors	by	comparing	the	
agreement	 of	 voxel-based	 tissue	 outcome	 predictions	 based	 on	 acute	 imaging	 and	 clinical	
parameters	 with	 manual	 lesion	 segmentations	 derived	 from	 follow-up	 imaging.	 This	 study	
considers	random	decision	forest,	generalized	 linear	model,	and	k-nearest-neighbor	machine	
learning	classifiers	in	conjunction	with	three	data	normalization	approaches	(non-normalized,	
relative	to	contralateral	hemisphere,	and	relative	to	contralateral	VOI),	and	two	data	balancing	
strategies	 (full	 dataset	 and	 stratified	 subsampling).	 These	 classifier	 settings	 were	 evaluated	
based	on	90	multispectral	MRI	datasets	 from	acute	 ischemic	stroke	patients.	Distinction	was	
made	between	patients	 recanalized	using	 intra-arterial	 and	 intravenous	methods,	 as	well	 as	
those	who	were	not	recanalized.	It	was	found	that	the	random	forest	classifier	outperformed	
the	generalized	linear	model	and	the	k-nearest-neighbor	classifier,	that	normalization	did	not	
increase	the	precision,	and	that	the	models	increased	in	precision	when	trained	with	balanced	
datasets.	
	
Pattern	recognition	for	image-based	brain	age	estimation	
Christian	Gaser	(Universitätsklinikum	Jena)		

In	this	talk	I	will	briefly	introduce	a	method	that	allows	estimating	the	deviation	from	normal	
brain	maturation	and	aging	on	an	individual	level.	We	use	a	T1-weighted	magnetic	resonance	
(MR)	images	to	predict	the	individual	brain	age.	The	difference	between	the	estimated	and	the	
chronological	 age	 is	 termed	 as	 brain	 age	 gap	 estimation	 (BrainAGE)	 score	 and	 indicates	 the	
degree	 of	 abnormal	 brain	 aging.	 Consequently,	 the	 BrainAGE	 score	 directly	 quantifies	 the	
amount	of	deviation	from	normal	brain	aging	(in	years).	For	example,	if	a	70-year-old	individu-
al	has	a	BrainAGE	score	of	+5	years,	this	means	that	this	individual	shows	the	typical	atrophy	
pattern	of	a	75-year-old	individual.	
I	will	 give	a	 short	overview	about	 the	underlying	method	and	will	 finally	demonstrate	 some	
applications	of	this	approach.	
	



	

	

Identical,	Similar	or	Different:	Is	a	single	Brain	Model	Sufficient?	
Michel	Thiebaut	de	Schotten	(ICM	Paris)		

COMES	LATER.	
	
Modern	Lesion	Deficit	Analysis	
Parashkev	Nachev	(UCL,	London)		

Functional	brain	mapping	has	no	instrument	inferentially	stronger	than	the	one	that	
launched	it,	now	more	than	a	century	ago.	Pathology-related	lesions	remain	the	only	
hard,	 loss-of-function	 test	 for	any	putative	 localisation	 in	 the	human	brain.	But	 the	
disparity	in	structure	and	scale	between	lesions	and	the	functional	architecture	they	
are	used	to	illuminate	introduces	a	complexity	yet	to	be	satisfactorily	solved.	Those	
who	simply	borrow	the	methods	of	mass-univariate	inference	from	functional	imag-
ing	 forget	 lesions	 violate	 their	 foundational	 assumption:	 that	 the	 signal	must	 con-
form	to	a	random	Gaussian	field.	The	result	is	a	distortion	of	the	inferred	map	that	is	
substantial	when	 the	 lesion-deficit	 association	 is	 implausibly	 simple,	 unquantifiably	
greater	when	it	approaches	the	complexity	likely	to	obtain	in	reality,	and	indifferent	
to	the	size	of	 the	dataset.	Recent	attempts	to	"correct"	 this	distortion	by	modifica-
tions	to	inferential	methods	that	remains	essentially	mass-univariate	misunderstand	
its	 fundamental	 source	and	are	misguided	on	 information	 theoretic	grounds	alone.	
Only	multivariate	inference	calibrated	to	the	intrinsic	dimensionality	of	lesions	could	
conceivably	yield	spatially	unbiased	lesion-deficit	maps.	Here	I	revisit	the	arguments	
for	 this	 conclusion,	 pursue	 its	 implications	 both	 for	 anatomical	 inference	 and	 for	
individual	outcome	prediction,	and	suggest	a	path	to	wider	application	of	multivari-
ate	methods. 

	
Intrinsic	coupling	modes:	a	multiscale	framework	for		
cognitive	network	dynamics		
Andreas	Engel	(UKE	Hamburg)		

Intrinsic	coupling	constitutes	a	key	 feature	of	ongoing	brain	activity,	which	exhibits	
rich	 spatiotemporal	 patterning	 and	 contains	 information	 that	 influences	 cognitive	
processing.	I	will	discuss	evidence	for	two	distinct	types	of	intrinsic	coupling	modes,	
which	 seem	 to	 reflect	 the	 operation	 of	 different	 coupling	 mechanisms.	 One	 type	
arises	 from	 phase	 coupling	 of	 band-limited	 oscillatory	 signals,	 whereas	 the	 other	
results	 from	 coupled	 aperiodic	 fluctuations	 of	 signal	 envelopes.	 The	 two	 coupling	
modes	 differ	 in	 their	 dynamics,	 their	 origins,	 their	 putative	 functions	 and	with	 re-
spect	to	their	alteration	in	neuropsychiatric	disorders.	I	will	propose	that	the	concept	
of	 intrinsic	coupling	modes	can	provide	a	 framework	 for	capturing	 the	dynamics	of	
intrinsically	generated	neuronal	interactions	at	multiple	spatial	and	temporal	scales.	



	

	

Imaging	Genetics	
Roberto	Toro	(Institut	Pasteur,	Paris)		

COMES	LATER.	
	
Genomics	of	brain	network	phenotypes	in	health	and	in	disease		
Petra	Vértes	(University	of	Cambridge)		

Graph	theoretical	methods	are	increasingly	being	used	to	study	biomedical	problems	
at	 a	 systems	 level.	 In	 the	 brain,	 understanding	 the	 connectivity	 between	 brain	 re-
gions	at	 the	macroscopic	 level	 is	proving	especially	useful	 for	characterizing	distrib-
uted	brain	changes	such	as	those	taking	place	during	development	and	ageing	or	in	
neurodevelopmental	 disorders	 such	 as	 schizophrenia.	 However	 developing	 princi-
pled	 prognostics	 and	 interventions	 will	 require	 linking	 these	 macroscopic	 brain	
markers	to	biological	processes	at	the	cellular	and	molecular	scale.	 In	this	talk	I	will	
describe	a	novel	framework	for	exploring	associations	between	comprehensive	maps	
of	brain	gene	expression	(from	the	Allen	Institute’s	Human	Brain	Atlas)	and	network	
features	of	brain	structure	and	function	observed	through	MRI.		
I	will	first	present	some	proof-of-concept	studies	for	these	methods	in	healthy	volun-
teers.	 For	 example,	we	 showed	 that	 highly	 connected	hub	 regions	 of	 human	 func-
tional	brain	networks	also	exhibit	high	expression	levels	of	genes	enriched	for	oxida-
tive	 metabolism.	 This	 provides	 the	 first	 biological	 evidence	 for	 the	 influential	 hy-
pothesis	that	long-distance	connections	in	functional	brain	networks	are	energetical-
ly	costly	to	maintain.		
In	 a	 second	 study,	we	 identified	 a	 distinctive	 gene	 expression	profile	 underpinning	
the	 consolidation	 of	 hub	 regions	 in	 structural	 brain	 networks	 during	 adolescence.	
Interestingly,	 these	 results	 implicate	 a	 significant	 subset	of	 the	 recently	discovered	
risk	genes	for	schizophrenia,	suggesting	that	the	same	genes	also	play	a	key	role	 in	
healthy	adolescent	changes	in	brain	structure	and	potentially	explaining	why	adoles-
cence	is	a	particularly	vulnerable	period	for	the	onset	of	schizophrenia.		
I	will	then	go	on	to	discuss	how	this	framework	can	be	applied	more	directly	to	gain	
novel	insights	into	the	genomic	underpinnings	of	a	variety	of	psychiatric	conditions,	
highlighting	the	challenges	and	opportunities	that	lie	ahead.	
	
Synthetic	3D	Neuronal	Networks	
Robert	Blick	(University	of	Hamburg)		

Controlling	 the	 interface	of	 inorganic	 nano-structures	with	 living	matter	 is	 of	 para-
mount	 importance	 for	 implants	and	 in	general	 for	novel	device	architectures.	 I	will	
present	our	latest	device	architectures,	which	integrate	opto-electronic	elements	for	
direct	single	cell	stimulation.	In	combination	with	optogenetically	modified	ion	chan-



	

	

nels	new	concepts	of	sensors	and	actuators	will	be	discussed.	In	addition	I	will	show	
first	results	of	3D-nanoprinted	scaffolds	for	cell-cell	interaction	studies.	
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