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. course overview & ressources
. facility, informed consent, accidents, security training, artifacts

. Structural MRI, volume, surface, cortical thickness
. Neuro-Query, big data, Pilot studies, Individual subjects|
. Pipelines, transparency, Open Science
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From Scans to Brain: MRI Basics and Safety Issues

Daniel Keeser
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Resources provided (subsequent deepening)

https://drive.google.com/drive/folders/1uSG6F7pJ6EFNODxoUtUSgzsfY IHwd9q?usp=drive link
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Cite as

Kitzes, J., Turek, D., & Deniz, F. (Eds.). (2018). The Practice of Reproducible
Research: Case Studies and Lessons from the Data-Intensive Sciences.
Oakland, CA: University of California Press.
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Keeser et al., J Neuroscience 2011 Worsching et al., Neurolmage 2017
Keeser et al., Neurolmage 2011 Worsching et al., Brain Stimulation 2018
Palm*, Keeser* et al., Schizophrenia Bulletin 2016 Bulubas et al., Brain Stimulation 2019, 2022
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Physics of MR

1_Intro_to_MR_physics.mp4

2_lmageFormation.mp4

2a_Basic_Maths_Week2Lecture2. mp4

3_Pulse_Sequences.mpd

4_Contrast_Manipulation_2014.mp4

Introduction to
MRI Physics

Karla Miller (karla@fmrib.ox.ac.uk)



MRI facility — arrival of the scanner 2019




////V///// 2024: 4th year of NICUM
LIVIU e HISTORY

e Proposal for research scanner
submitted to DFG

» grant awarded by DFG/Bavarian
state (2,45 Mio. €)

¢ 2018:Construction planning and
construction work
* end of 2019: scanner transferred

2015 //L 2017
(@) ® (@) ®
© 7 © N

16 2018/
2019

2

O

Roadmap NIMG Research at LMU: e Sharing responsibilities LMU/KUM 8/2020: Release of the
e construction costs: 660,000€ NICUM research scanner
e 2 x 3T scanners (2017) KUM, Real start 1/2021
* Animal MRI (2018) 1 Mio. € LMU

e 7T scanner (2022)




MRI facility — rooms/location
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Current Research Topics NICUM

Neurolmage 291 (2024) 120596

Contents lists available at ScienceDirect

Biological Psychiatry
Available online 27 April 2024

ELSEVIE R. In Press, Journal Pre-proof () What's this?

Neurolmage

Jjournal homepage: www.elsevier.com/locate/ynimg

Archival Report

. . Neural response during prefrontal theta burst stimulation: Interleaved
Signature of altered retinal ' Al ; TMS-IMRI of full iTBS protocols
microstructures and electrophysiology in Schizophrenia Kai-Yen Chang*", Martn Tik"** ", Yuki izutani-Tiebel ", Anna-Lisa Schuler”,

se, Paul Taylor, Mattia Campana *°, Ulrike Vogel “, Barbara Huber*, Esther Dechantsreiter *,
re amh Axel Thielscher ", Lucia Bulubas *", Frank Padberg "', Daniel Keeser "'+’

schizophrenia spectrum disorders is
associated with disease severity and
polygenic risk

Emanuel Boudriot ' 2 *, Vanessa Gabriel ! *, David Papovic ' 2, Pauline ngg_l.

Vladislav Yakimov ! %, Sergi Papiol ? %, Lukas Roell * °, Genc Hasanaj ' %, Simiao Xu !,

Joanna Moussiopoulou !, Siegfried Priglinger ?, Christoph Kern 7, Eva C. Schulte # # 7,

Alkomiet Hasan '° 1, Oliver Pogarell !, Peter Falkai ' 2, Andrea Schmitt ! 21,

Benedikt Schworm 7
CDP Working Group!?6:

Cerebral Cortex, 2023, 1-14
p i.01g/10.1093/c das3
OXFORD Original Article

Neural mechanisms of sequential dependence in time
perception: the impact of prior task and memory
processing

Si Cheng(7)'~, Siyi Chen’, Stefan Glasauer?, Daniel Keeser {%)*, Zhuanghua Shi'-*




MRI facility - Equipment

Head and body coils

Video projector fMRI

Simultaneous
EEG/ECG/respiration
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MRI facility - Equipment s'//w///r

NICUM

Neuronavigated Eye Tracking
TMS inside MRI

Contrast agent
pump

-]
R
)




MR safety

1. Do you have an electromc lmplant or dewce (e g. cardiac paoemaker
- ‘implanted defibrillator, neurostimulator, insulin pump)?




MR safety — Informed consent
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Pagient identification sticker

Dear Patient, Dear Parents,

The purpose of this informed consen
prepare for the patient-doctor disc
carefully before the discussion and cg
naire carefully and completely. For reg
we will alway' address you directly,
treatment is to be performed on vour

Which examination is proposg

Magnetic resonance imaging (MRI) B
you. In this imaging examination proj
body regions to be examined are tak]
waves and magnetic fields. This way.
(e.g. a prolapsed disc, a breast tumour)
vascular diseases, diseases in the sm)
be accurately identified or excluded

without the need to use X-rays.

A iditi tect

portant information. Magnetic res
(MRA) permits the examination of bl
resonance spectroscopy (MRS) facilital
titative measurement of metabolic p
examination of the tissue perfusion
perfusion; MRP) or a specific examin}
nervous system (diffusion-weighted
imaging; DWI/DTI) are possible with
magnetic resonance imaging.
Your doctor will inform you which e
im your particular case.

How is the examination perfor

Generally, you will be lying on a ta
slowly into an opening in a cylindri
resonance imaging scanner) (fig.). Plg
the position instructed, breathe regul
your arms and legs. Otherwise, loca

Informed Consent Documencation - Publizher: T)
Authors: Prof. Dr. med. V. Barth, Frof. Dr. med. M_
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R20JGE  Magnetic Resonance Imaging {MRI/MRS/MRA)

ble administration of a contrast medium containing gadoli-
nium in any case and bring the result with you to the ex-
amination.

‘A magnetic resonance examination of the mammary gland
[MRM) must be performed between the 7th and 12th day of
the menstrual cycle (1st day of the menstrual cycle = Ist
day of monthly bleeding) for women of childbearing age in
order to avoid incorrect examination results if possible.

If an examination of the small intestine is planned in your
case, your doctor will provide you with further instructions
if applicable.

Please follow the doctor’s instructions carefully, in partic-
ular with regard to taking medication and hormones (e g
hormone substitutes in the menopause).

If general anaesthesia is planned for you, you will be informed
about preparation for this, how it is performed and the associ-
ated risks during a separate patient-doctor discussion.

Please be sure to inform the doctor or the medical staff if
vyou have permanent make-up, tartoos or a transdermal
plaster or have a magnetically fixed dental prosthesis or
other metal or magnetic implants.

For the examination

Injury can occur if metal objects enter the magnetic field,

and this may also lead to image distortion (artefaces)!

Therefore, please remove all metal or magnetic items be-

fore entering the examination room:

= Watches, eyeglasses, keys. piercings/jewellery. hairpins/
hairclips, ballpoint pens, purses, loose coins, wallet in-
cluding bank or credit cards {magnetic strips will be
erased!), etc.

*  Clothing with metal parts (eg. belt buckles), clothing
with zippers (zips), functional underwear, metal but-
tons or similar items (metal catches or fasteners on
bras) but also make-up may not be worn.

* Removable dental prostheses, braces.

*  Acupuncture needles, hearing aids; cochlea implants in
the inner ear could be damaged during magnetic reso-
nance imaging.

After the examination

If you have received a sedative, please note that your reac-
tions will be slowed temporarily. Therefore, you have to be
picked up by an adult. Due to the lingering effects of the
medication, you may not actively participate in road traf-
fic, may not perform any dangerous activities, may neither
drink any alcohol nor smoke within the first 24 hours or
the length of time stipulated by your doctor. You should
also refrain from making any important decisions.

If you received Buscopan® , your vision can be temporarily
impaired. Therefore, you have to be picked up by an adulr, or
vyou are monitored for some time after the examination. The
doctor will inform you abour how long your ability to parrici-
pate in road traffic and operate machines will be impaired.
The safety of MRI examination for patients having medical
implants or metallic foreign bodies in place is the higher,
the lower the field strength of the scanner. For modern MRI
scanners with higher field strengths, some implants, e.g.
IUD (“coil”, contraceptive copper T), are not approved by
the manufacturer in general. The doctor will discuss with
you whether the IUD could dislocate (slip) as a consequence
of the MRI, impairing the contraceptive effect and necessi-
tating a check of the IUD's correct positioning; if necessary,
ask himjher about it.

A shunt in the head [ventrl(ular shunt) does not cause any
issues for the MRI ion. Hi ", We Te

having its correct funcrion checked after the ination, if

applicable.

erk zum
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Kermmspantomographic (MRT/MRS/MRA)
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Important questions

In order for the doctor to id
this examination for you, wi
ing questions carefully and ¢
Age: years = Height: |
Gender:

1. Do you have any implant!
brillator, cardiac valve, stf
cone, hydrogel, teeth, met]

If yes, please indicate! _|

[l

Please be aware: an MR
there are certain types o
to inform your doctor if|
will decide whether you

Are there any additiong)
parts/implants in the you|
surgical clips, vessel pr
pins, skin chips, dental brj
metal fragments, coil [int]
puncture needles, insuli
neurcstimulator, hearing
implant], intraport, permg

If yes, please indicate! _|
If yes, in which part of th

3. Do you have tattoos?

4. Do you have a plaster on
ses medication (transder)

If yes, please indicate the

5. Have you ever undergl
with contrast media?

If yes, did any complical
cardiocirculatory reactiol

If yes, please indicate! _|

&. Do you have or have you
disease (e g heparitis_ HIY
berculosis)?

If yes, please indicate! _|

7. Do you have any allergies
antibiotics, Novalgin, par]
agents, X-ray contrast i
tants, iodine, plaster, synt)

If yes, please indicate! _|

o

Do you have or have you
vascular diseases (eg. of
hypertension, cardiac arr
attack, angina pectoris,
tion, heart valve defect)?

If yes, please indicate! _|

R20/GB Magnetic Resonance Imaging (MRI/MRS/MRA) Page 4/6
9. Do you have or have you ever had atrial fibril- On Oy
lation?
10. Have you ever had an operation of the heart, On Oy
the head or of the body region to be exam-
ined?
If yes, please indicate!
11.Did you have any diseases of the npper alx— On Oy
dominal organs (e.g liver
tis, fatty liver, cirrhosis, biliary colic/bile Jmnv_ﬂ.
Jaundice, pancreatitis)?
if yes, please indicate!
12. Do you have urhwe you ever had anydlsaeasas On Oy
or the k Y Organs
(eg. dysfunction of the kidneys, kldne'y stones,
chrenic urinary tract infection, nephritis{inflam-
mation of the kidneys, congenital malformation
[eg duplex kidney]. bladder emptying disorder]
delayed bladder emptying)?
If yes, please indicate!
13. Have you had a kidney or liver transplant? On Oy
If yes, please indicate!
14. Do you suffer from noises in the ears (tinni- On Oy
tus)?
15. Do you have any eye diseases (eg. cawract, On Oy
glaucoma)?
If yes, please indicate!
16. Do you have a tendency to have claustropho- On Oy
bia (fear of narrow or enclosed spaces) or
panic artacks?
The following examination is proposed:
Additional guestions for women N R .
Magnetic resonance imaging
1. Could you possibly be pregnant? On 0¥ O with contrast medium
2. Are you breastfeeding? Hn Oy O without contrast medium
Additional questions for men Body region to be examined:
1. Do you have or have you ever had any diseases (n Oy
of the prostate (eg prostatic enlargement,
prostaritis [inflammation of the prostate], pros- - S

tate cancer)?

If yes, please indicate!

Doctor’s notes on the patient-doctor discussion

(et the type and importance of the examination; allemacive ex-
amination mechods; risk and possible complications; instructions
for before and after e examination; individud! risks and possible
associated complications; specific side-effecrs of me contrast medi-
um; explanations 0N Questons of e patient, possible consequen-
ces if the patient/parents refuse(s)/postpone(s] the examinarion;
resrricrions (o the consenc, e.g. with regard 1o the contrast medium,

In case of refusal to consent

Ijwe do not consent to the proposed examination.
Ifwe have read the informed consent form, and I/we
understand it. I/we have been explicitly informed of
the possible consequences involved in my/four refusal
(e.g. failure to detect diseases and determine their lev-
el of severity and progreassion, no exact localisation of
the focus of a disease).

patient’s reasons for refusal, determination of a minor's ability m Flace, date, time
comprehend; patient has a Iegzl surmgate decision-i mzkerfa Iegal
guardian; parient has -
medical power of amormey; uuraﬁnn n[ meumussmn] Parient
Patient’s guardian*

Witness (if applicable)
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Neuroradiolog

Kurzbefund fiir Studien-MRT

Bitte an rad @med.Imu.de schicken.

Van verantwortlichem*r Mitarbeiter*in auszufillen:

Probanden ID/Name Studienpatient®in: - NIMG course 20

MRT vom (Datum der Untersuchungh:

Studie: | multimodal Neuroimaging Course 2021

Verantwortliche™r Wissenschaftler®ing | Danial Keeser

t Applications Iransfer Edit View Settings Orientation Type Image Tools System Options Help
LM&X.W-%

w=FL SAR=NM 8 Woridist tem(s) received.

0353 (183415 A) -

MREN
1S

L 2021_004

eser@med.uni-muenchen.de

Befunde:

O Keine Pathologien oder Auffalligkeiten nachweisbar.

»‘.?'Q_Zulallshefund ohne medizinische Relevanz,

Rl Verdiss —Celn. —Tavne

O Zufallsbefund, weitere diagnostische Abklarung wird empfohlen.

Datum: /L\f [r‘}f Zt . Name/Unterschrift Neuroradiologe*in:
R E




MR safety — dangers

Risk through magnetic fields:

* Static magnetic fields (metal objects pulled)
Moving objects in static field (induction, heat)
HF-fields, gradients (heat, induction, nerve stim)

MRI safety training
This lecture must be attended at least once a year (signature required).



MR artifacts

Artifacts:

Type of Artifact:

Mo Artifacts

CSF Pulsation Artifacts
Wrapping/Aliasing Artifacts
Shading Artifact

Zebra Stripes

Motion Artifacts

Magnetic Susceptibility Artifacts
Insutficient FOY

Failed Image Transfer
Zipping Artifact

Severi

Mo Artifacts

Minimal (ron-significant)

Significant (but probably usable for most research guestions
Severe [probably non-usable)

Location:

Mo Artifacts
Whole Brain
Frontobasal
Frontal
Temporomesial
Occipital
Dienzephalon
Mesencephalon
Pons
Cerebellum
Frontal and Occipital

El Variables: El

Ll L L= WO |00 [~ n N W=D

WO |00 [~ n N W=D

X
Ln



MR Sequences

T1- EPI EPI Field Diffusion
weighted | weighted | 1(Resting | 2(Resting | maps weighted
State) State)

Sequence MP-

RAGE

T1 /T2 weighted o Motion

TR (ms) 1900 ‘structural’ scans
TE (ms) 2.22
flip angle 9
B value (s/mm2) -
Diffusion directions - .EchoPIanar o Motion (1663 8)
Resolution (mm3) 0.7 xd SpinEcho Images

x 0.7
Thickness 0.7 ,
Accelerator/Multiband | 2/- T . "B”r‘;Z‘:,','ing
factor imagges B ,(_Eardiac pulsation
Field of View 225 X 3 ® Fatigue
Number of slices 176 Sepelfivelo BoER . g‘t",:feorrma"ce
Imaging direction Sagqittd
MP-RAGE = magnetization prepared-rapid
mm=milimeter; . 'https://www.cmrr.umn.ed EPI Diffusion

Weighted Images ® Motion

(DWI)




Aggregate measure

VOIU metr of total synaptic activity?

3D array

0 sixe
- U2

.

e Vb

>

V56
a2 IVea |

«SLIVe-f 7,

Logothetis (2008). Nature.

A typical fMRI voxel of 55 ml in size contains:

® 5.5 million neurons

® 2.2-55 x 10'° synapses
® 22 km of dendrites

® 220 km of axons




Structural MRI

CORTICAL THICKNESS MEASUREMENT

surface area cortical thicEness

gyrification index
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grey/white
matter surface|

pial surface

smoothed
outer surface

cortical thickness measurement

Source: Bernhardt & Misic



MDD meta-analysis using Neuroquery

print("\nTerms recognized in the query:\n")

11/2019: Encode major depression into a statistical map of the print(
b . response["similar_words"]
rain .query("weight_in_query != @")
.sort_values(by="weight_in_guery", ascending=False)
head()
)

from neuroquery import fetch_neuroquery_model, NeuroQueryModel
from nilearn.plotting import view_img

Terms recognized in the query:
encoder = NeuroQueryModel.from_data_dir(fetch_neuroquery_model())

similarity weight_in_brain_map weight_in_query \

major depression 0.994231 0.0 1.0
query = """major depression"""
result = encoder(query) X i n_documents
view_img(result["z_map"], threshold=5.1) major depressio

4t




ARTICLES

nature .
neuroscience

https://doi.org/10.1038/541593-022-01042-4

M) Check for updates

Genetic variants associated with longitudinal
changes in brain structure across the lifespan

N=15640

GPR139, DACH1 und APOE

Cohort Age distribution # Subj
Sydney MAS no @
RS-1 1 @ ioriti
ADNI-1 e ws @ phase 1 & phase 2 priortized SHPs
ATNI-2 e e |6 @
oaTS s @
eQTL
RS- ol | Harmonized Longitudinal i |
NENG ﬁ a : longitudinal trajectories HC
ALS Utrecht 155 @ ‘maging. prioritized SNPs and genes
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UMEU-2 o @ G\':;m?ﬁ
SHIP s @ Gene expression
= —
o el 4 A PheWAS 4 amygdala
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FOR2107 7 @ age-independent X A carabellum corax
uMau-3 158 @ post-hoc analyses
OF/Gslo MALT —_— 10 @ A cerabellum white matter
NG 41
PAFIP 122 E Meta-regression Genetic overlap with A cerebral white matter
UMCU-1 e 18 results Y
GAP — FLU EHENH neuropsychiatric, 4 * .
D1 - : [m neurological and somatic 4 cortical thickness | |
disorders, psychological
nsz ;:7 = Qac and behavioural traits A hippocampus
HOUGM | e 5 @ A lateral vantricles .| |
NeurolMAGE : :
IMAGEN A ::s : 4 nucleus accumbens
DB50S 51 @
NI » @ Gene-based Genetic overlap with 4 pallidum
BHACS VAN s @ analyses cross-sectional A putamen
Capatoun A © @ brain structure *
BrainSCALE ﬁ_ m @ A surface area
GenR-1 ns @
GenRe2 |\ 122 @ phase 1 A thalamus
»  ® . » Fotak 10143 phase 2 Sensitivity analyses 4 total brain
Generalization; S40 D Generalization
LBC1508 I — A I an : Gene set l:l Larger cohorts anly
' — 253
wsco [ A | 129 @ analyses I] Healthy only
L | N "
o Ed o - 8 00 Torsk 15840 D w’wuw for disease
Generaliration: S40

The ENIGMA Plasticity working group

presents

Genetic overlap

global genetic overlap with depression,

schizophrenia, cognitive functioning,
#insomnia, height, BMI, and smoking

Brouwer et al., Nature Neuroscience 2022



Brain Age gap across organs

Body | Cardiac Pulmon. Muscle Immune Renal Hepatic Metab.
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Tian et al., Nature Medicine 2023
Tian et al., JAMA Psychiatry 2023
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European

Hepatic fat is superior to BMI, visceral and pancreatic fat Radiology 2019
as a potential risk biomarker for neurodegenerative disease

Ebba Beller 2 - Roberto Lorbeer? - Daniel Keeser? - Franziska Schoeppe ? - Sabine Sellner? - Holger Hetterich?-
Fabian Bamberg ** . Christopher L. Schlett** . Annette Peters® - Birgit Ertl-Wagner?® . Sophia Stoecklein?

R=-0.34, p<0.01
MRI-based Hepatic fat
Corrected for:
* age
* sex
* hypertension
R n=361 ° SmOking
« BMI
(152 women, 199 men) . LDL

o total cholesterol
* [CV-corrected GM « alcohol

brain volume
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Reproducible brain-wide association studies
. . . ®
require thousands ofindividuals
https:/fdoi.org101038/s41586-022-04492-9  Scott Marek' ™, Brenden Tervo-Clemmens™ ", Finnegan J. Calabro™®, David F. Montez",
Received: 19 May 2021 Benjamin P. Kay®, Alexander 5. Hatoum', Meghan Rose Donchue’, William Foran®,
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Well-designed studies do not need a large N
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Neuroimaging modalities
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+ 17141 subjects
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Magnetic Resonance Spectroscopy — MRSDCO

 cross-over design, healthy subjects,

gender-mixed sample, n=19, MRSDCO0 F N

e translational: study on major depressive 8 1

patients and schizophrenic patients (MRSDC1) >

T1
Active [sham ™
Active [sham
”7//72 Wee’('s "
o om

tDCS
20 min
2mAa

T1 MRS feMRI MRS MRS MRS feMRI

3 min 10 min 6 min 10 min 10 min 10 min 6 min 0.46- r T r \
pre during1 during2 post
measurements
058 I I I
men conditon 0.584 WD en
O active condilion

I -
@ sham J-\T 'I ::D;:

M
I
T ] 0.42-

T
pre during1 during2 post f T 1
measurements pre during during2 post

measurements Mezger et al., EAPCN 202(

042-




MRSDC1

Magnetic Resonance Spectroscopy — MRSDC1 ‘3

HC, N=38 ) i
E& MDD, N=24 (un-medicated) % "::2*$+

SCZ, N=17 group
Total N=79 ® b5D

o

+
2 B

entrations (mM)

o
2 NAA Baseline GABA Baseline B SC7
= 2
é 10 19
L IR
— MDD SCZ — MDD SCZ
test retest
. A
Active [sham ™ - B
Active [sham

Vural et al. in prep.



Magnetic Resonance Spectroscopy — MRSDC2
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Online TBS-fMRI
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Multimodal Clustering Analysis of meta-analytically
derived brain regions in Schizophrenia Spectrum Disorder
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Category: Ll Analysis

Description: Schizophrenia Spectrum Disorders (SSD) represent a broad spectrum of psychotic disorders. Their prevalence and severity highlight
the urgent need for a deeper understanding of these heterogeneous diseases, which is crucial for developing tailored treatment strategies.

A key determinant of progress in any scientific field s the discovery of associations that, over time, demonstrate replicability. Given our inability
to completely eliminate the chance of finding false positives (i.e., to reject the null hypothesis definitively), an error threshold of 5% (p-value of

0.05) has been widely accepted, As we enter the era of big data, and hence an era of being able to test for an almost unlimited number of

W established g becomes probl . leading to a significant number of false positives (up to 1 in every 20 tests). To

adaress this, multiple testing correction methods such as the Bonferroni correction and the False Discovery Rate (FDR) have been used.
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However, these methods are never a perfect solution, but rather represent trade-offs between minimizing the risk of faise positives while
preserving the power to detect true associations. Ta further increase the likelihood that the associations we detect are valid, we implement two
additional safeguards: the pre-selection of our hypotheses and the pre-registration of our analyses.

While the use of statistical corrections for multiple testing has become standard practice, other methodological aspects that are frequently
emphasized by experts have received less attention. Groenwold et al. suggest reducing the number of hypotheses tested by prioritizing those
that are most critical (Groenwold et al, 2021). Similarly, a recent article on replicability in brain imaging supports this by recommending a pre-
selection based on “theoretical considerations” ( Kelly et al,, 2022).

What, then, would a well-considered hypothesis in the area of brain imaging be based upon? A variety of methods are conceivable. To this end,
our project’s first layer involves finding all meta-analyses that address gray matter volume differences between SSD patients and healthy
controls based on predefined criteria (see Analysis Plan for the specific criteria). We will then identify brain regions that have been reported in
literature as significantly different more than once. We commit to including regions reported in at least haif of the meta-analyses in our analysis.
If a region narrowly misses this threshoid in meta-analyses but is supported by strong theoretical arguments—evidenced by consistent results
from other studies with large sample sizes and rigorous methodological designs—we will consider including it in our study. Collectively, these
regions will become our regions of interest (ROIs), which we will examine in our cohort for patients vs. healthy controls (HC). Additionally, we will

compare patients from our cohort with an age and sex matched group of HE from the Human Connectome Project (HCF)
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Dataflow in Brain Imaging
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MmMRI reduces variability outcome? CDP study as an example...
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Prefrontal transcranial direct current stimulation changes connectivity of
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Dept. of Psychiatry and Psychotherapy, University Hospital LMU, Head: Prof. Dr. Peter Falkai
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