st e
Fetale MRT-Bildgebung

Gregor Kasprian

UNIVERSITATSKLINIK FUR RADIOLOGIE
v UND NUKLEARMEDIZIN

Klinische Abteilung fiir Nuklearmedizin

MEDIZINISCHE. Wiener Gesundheitsverbund
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Phanotypisierung Sinnlos?

genotype

,Es 1st absolut unmoglich / of%?& Genotyp

Funktion [...] vorherzusagen®!
(Eugen Boltshauser)
_ modular
. 1 _ %pigemt(ype ) unm C')gl ich

/Q"]I[D Phanotyp

phenotype

@%“FE%%%XNWERS”Y Jaeger J, Monk N. Interface Focus 2021;11




Phanotypisierung Sinnlos?

erworben

Chromosomen

Cluster Solution 1

Cluster Solution 2

pathie v 1
unmaoglich

Monogenetisch

Polygenetisch

Funktionelles Ergebnis

P
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Phanotyp

Pranataler Phanotyp
@%&EB}%XNWERS”Y Astle DE, et al. J Child Psychol Psychiatry 2022;63
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Prayer D, Malinger G, et al.

S~ ®
Q’_@ I S u ()gg Practice Guidelines (updated)

[...] UOG 2023;61:278
Fetale MRT

e |ndiziert von pranatalen US Expert:innen
e Kann wesentliche Zusatzinformationen liefern
e Kann eine Neurosonographie ersetzen

e MRT Expert:innen mit entsprechender Ausbildung

(D enor Hospia Malinger G. et al. UOG 2021 Paladini D. et al UOG 2021



Indikationen — Meinung der Zuweiser 2§
Definitiv indiziert (>48%):

Corpus callosum Agenesie
Anomalien der hinteren Schadelgrube
Mikrozephalie

Indiziert (30-48%):

Ventrikulomegalie
Neuralrohrdefekte
Zwerchfell Hernie

Geringe Prioritat (10-30%): Sehr geringe Prioritat (0-10%):

Lungenanomalien, Kongenitale Herzfehler,
Multiple Malformationen Urogenitale Malformationen,
Bauchwanddefekte Zwillinge, Lippen-Kiefer-Gaumenspalten

@%‘ﬁ?ﬁ%ﬁ%ﬁ%ﬁm ISUOG Practice Guidelines: performance of fetal MRl UOG 2017;49:671



Kongenitale

Herzfehler
Von 429 Feten mit CHD:

etu
V D ASD 2 /n V D/A D 7 1 VSD ASD 5 3/ VSD/ASD 21.4% | RVOTO 40 0/:
4.0% RVO (] 21 4/ LvVOTO

VSD/ASD 15 8 /

NA

VSDIA D 2 /
DORV 14 3/ LVOTO 1 7 /

243 (56.6%) extrakardiale gm ere;p;;a
Auffalligkeiten
109 (25.4%) zerebrale

Es gibt kein ,typisches” kong. Vitium!

@ s Dovjak GO, et al. J Am Coll Cardiol 2021;78(23):2312-2322
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Qisuog..

ISUOG Practice Guidelines (updated): performance of fetal
magnetic resonance imaging @ brcwmd’

(@) it e ARERE ISUOG Practice Guidelines. UOG 2023;61:278



Lisuog.

ISUOG Practice Guidelines (updated): performance of fetal
magnetic resonance imaging @ brcwmd’

(@) it e ARERE ISUOG Practice Guidelines. UOG 2023;61:278



EPI/T2*: 30% mehr
Blutungen als T2-TSE!

Dorittke et al. 2023



Falsch Positiv =r~"

S
Richtig positive | }
Blutung v

T2*/EPI Sequenzen oY

% ~

Susceptibility |
Weighted
Imaging

@zﬂiﬁﬁkﬁm“s‘“ M Cai X, et al. Prenatal Diagnosis 2022;42:1398
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Fall
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Fall — Genetik

Trio — Whole Exome Sequencing

1. Schwangerschaft: 2. Schwangerschaft:
Vater + Fetus: Vater + Fetus:
COL4A2 - Mutation COL4A2 - Mutation

NM_001846.4:c.3207+1G>T NM_001846.4:c.4684G>A
NP 001837.2:p.Asp1562Asn



Fall

Col4A1 verursacht pra- und perinatale
Blutungen, Porenzephalie, rezidivierende
intrazerebrale Blutungen

Gould, D.B., et al. N. Engl. J. Med. 2006; 354, 1489.

Gould, D.B., et al. Science 2005; 308, 1167.

Breedveld, G., et al. J. Med. Genet 2006; 490-495.

Sibon, I., et al. Ann. Neurol. 2007; 62, 177

Plaisier, E., et al. E., et al. N. Engl. J. Med. 2007; 357, 2687.

de Vries, L.S., et al. Ann. Neurol. 2009; 65, 12—-18.

@ggegg;gmvmm ARER Shah, S., et al. Eur. J. Paediatr. Neurol. 2010; 14, 182-187.
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Was haben diese Patient:innen gemeinsam? =

L’GN\AV
Patient 1 (7M) Patient 2 (10M) Patient 3 Patient 4 Patient 5
T2, MIP T2 (p.m. 24+4) (GW 24+2) (GW 23+4)
CISS T2 FLAIR, T2*
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Patric
Kienast

Brain

abnormalities
in 5/43 (12%

—

@3‘53}%%2“““‘”&-—%é‘:ﬁ:&uosm. Kienast P, et al. The Lancet Regional Health - Europe 2023:100587



COVID-19 pranatal

Plazenta in Pra-Omicron Gruppe:
verdickt (P = .048),

mehr Lobulierung(P = .046), und
Blutungen (P =.002)!

FGR in 25%.

Kienast P, et al. SARS-CoV-2 variant-related abnormalities detected BJy prenatal MRI: a
prospective case—control study. The Lancet Regional Health - Europe 2023:100587

MEDICAL UNIVERSITY EL \/ienna
OF VIENNA N General Hospital



COVID-19 pranatal

Plazenta in Pra-Omicron Gruppe verdickt (P = .048),

mehr Lobulierung(P = .046), und Blutungen (P = .002)!
FGR in 25%.

h

> < ] o 2¢cm

GW27+2

Kienast P, et al. SARS-CoV-2 variant-related abnormalities detected by prenatal MRI: a
prospective case—control study. The Lancet Regional Health - Europe 2023:100587

MEDICAL UNIVERSITY W \/ienna
OF VIENNA General Hospital
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orvienta o AR Yo ospital ISUOG Practice Guidelines. UOG 2023,;61:278



Hirnparenchym im MRT “Laminierung”
T2-w Kontrast

Kortikalplatte ;: .

.......

Intermediar

1cm

3 Tesla
postmortem MRT

Histologie  \iantriculdr Zone

(@) it e ARERE Pogledic |, et al. Cerebral Cortex 2020;30(9):5038



Hirnparenchym im MRT
EPI-FLAIR

CSF (water) . .

Subplate/1Z . <

\ CSF (water) O
’S\\:/‘ > Cortex/IZ (Cell .
y / "

dense)

> Subplate (high
) | / water content)
kGW S ek @ 4 Better delimitation layers
+ Better delineation with CSF

@ seoisaeg = AgEge,....  Diogo M. et al., Radiology 2019



Hirnparenchym im IVIRT
EPI-FLAIR

US 2255W

Hemimegalenzephalie

@ AEEE . Verlust der Schichtung - Pathologie



Hirnparenchym im MRT

Interhemispherische Zyste

<AL
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MEDICAL UNIVERSITY EL \/ienna
OF VIENNA &;’I Genera L Hospital



Hirnparenchym im MRT

Interhemispherische Zyste
GW 23+5
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OE. Krampl-Bettelheim

kortikale Malformation?

MEDICAL UNIVERSITY W \/ienna
OF VIENNA General Hospital
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kortikale Malformation EPI-FLAIR
@z ABFE =00 Verlust der Schichtung - Pathologie
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Fetal Diffusion tensor Imaging
&-Ts-\éi:::raamospital



Tra ktOg I'd p h IS PubMed >50 Veroffentlichungen

DTI korreliert mit Histologie

Mitter C, et al.
Frontiers in Neuroanatomy. 2015

DTI korreliert mit

postnataler MRT

Song JW, et al.
Pediatric Radiology 2018;48:486-498

L'\

MEDICAL UNIVERSITY LN Vienna
OF VIENNA General Hospital



E. Hadi

Klinische Wertigkeit?

DTI/Traktographie bei intraventrikuldrer Blutung

. W~

Motorisches Defizit: 31.3% der Falle mit Einbezug der Pyramidenbahn
versus 5.1% ohne!

() et e AR In preparation



SF vl ARERR St 23GW Teilw. Einbezug 33GW



Imaging: US/MRT Histo/DTI

* Normal <€ | Thin ==efp  Hypoplasia

(too little axons/connections)
(short, Iong) |} [ pick —=fp  Hyperplasia

(too many axons/connections)

S RSrETE abnormally — Dysplasia

(all parts complete) shaped (abnormal connections)

(“dysmorphic”) | gy with sigmoid

(parts missing) with Probst
. complete —) bundle
]R‘ 5 e ey s el Corroenne, R. et al. Corpus callosal reference ranges:
systematic review [...]. UOG 2023



Normal
(kurz, lang)

MEDICAL UNIVERSITY EL \/ienna
OF VIENNA N General Hospital

= vollstandig!

In vivo

nium

19+6




Agenesie
(Anteile fehlen)
Part|eII Komplett
- —
=N

29SSW

MEDICAL UNIVERSITY WL \/ienna
OF VIENNA &:@‘ General Hospital



Spezifizierung

(@) it e ARERE Brain 2013; 136:168-79



Partielle Agenesie
(Teile fehlen)

ke

Corticospinal Sigmoid  Fornix Probst
DTI Review: Corroenne, R., UOG 2022: 60, 470

MEDICAL UNIVERSITY
OF VIENNA




©Katrin Karl,
Miinchen
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Genauere Spezifizierung
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Fornix

Normales CC! Hyperechogenes Cavum



Ein weiterer Fall...

23GW

() et e AR “Arhinencephalie”/fehlende Bulbi olfactorii
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Ein weiterer Fall.

5&:‘ -
ZIC2 Gene Mutation

c.12047>G
(p.Tyr402Asp) x
—— Fornix

OF VIENNA h General Hospital N ormad I CC
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MR Phénotypisierungﬁ

& ISUOG Practice Guidelines (updated): performance of fetal
f CI U Ste r magnetic resonance imaging
2.
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Pranataler Phanotyp Neue Strategien — Neue Phanotypen

@%“FE%%%XNWERS”Y Astle DE, et al. J Child Psychol Psychiatry 2022;63




Traktographie — Interpretation? ‘@“
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Phanotypisierung —wozu?

,Es 1st absolut unmoglich

Funktion [...] vorherzusagen®!
(Eugen Boltshauser)

MEDICAL UNIVERSITY
OF VIENNA






Warum?

Konnektom

——

Barabasi, A.L., Gulbahce, N., Loscalzo, J., 2011. Network
medicine: a network-based approach to human disease.
Nature reviews Genetics 2011:12, 56.

MEDICAL UNIVERSITY
OF VIENNA
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Ultrasound Obstet Gynecol 2021; 58: 34-41 ﬂ
Published online in Wiley Online Library (wileyonlinelibrary.com). DOIL: 10.1002/u0g.22102.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and
reproduction in any medium, provided the original work is properly cited.

Improved neurodevelopmental prognostication in isolated
corpus callosal agenesis: fetal magnetic resonance imaging-
based scoring system

M. C. DIOGO2®_ S. GLATTER?, D. PRAYER!, G. M. GRUBER"™, D. BETTELHEIM”,
M. WEBER!, G. DOVJAK'@®, R. SEIDL? and G. KASPRIAN!

e e

AN

y

=
periventricular cyst i // Loss of temporal lobe asymmetry
abnormal gyration

colpcephaly
encephalocele

partial CCA
abnormal basal ganglia

lipoma abnormal extremites

cerebellar-vermian hypoplasia

molar tooth

n=100

@~ “Phanom® bei Callosum A



“Isolierte” CCA
Prognostischer Score

7 features

Rating Scale

- 0-2 points
- Sum Score —
. Colpocephaly hippocampal
- Maximum =11 positioning + size
@ AR TS OB M tal Improved prognostiationnsolted sl g



(DQ)

130

115

100

70

40

25

mMale mFemale

o ,:, 1 | Mean GW at diagnosis: 28 GW (sD: 4,7)
[ PRl \ican age at testing: 2.1 ys (SD: 1,6)

..... - cogniton (r =-.56, <.001)

- motor skills (r=-.41, p=.01)
- language (r=-.57, <.001)

. 5 6 —
r Skills Language Skills (MRI Score) ICC - 96

ator Skills + Lingad (Language Skill s}

1 2 3
m Cognitive Skills A M
++e v+ Linear [Cognitive Skills)

N —— Cardoso Diogo M, et al. Improved prognostication in isolated callosal agenesis:

OF VIENNA fetal magnetic resonance imaging-based scoring system. UOG 2021 online



Complete CCA Glatter S. et al. Beyond isolated
== Partial CCA - and associated: a novel fetal
magnetic resonance imaging-
based scoring system helps in

the prenatal prognostication of

callosal agenesis AJNR 2021

Isolated (n=74) Associated (n=63)

classification

(@ sevisass e AREZEY™ 0w  ...auch wenn die assoziierte Fehlbildung verborgen bleibt!



CCA prognostischer Score
"

sensorimotor

Probst bundle




CCA — prognostischer Score

MRI Score: 2 MRI Score: 6
Sarah, 12 Monate Bruce, 28 Monate
AIMS: 50th Percentile Alberta infant motor scale (AIMS):

MEDICAL UNIVERSITY CTRY h 1 I
(@ sevisass AR <5th Percentile



,Es 1st absolut unmoglich

Funktion [...] vorherzusagen!®
(Eugen Boltshauser)

Aber es ist moglich Phanotypen zu



Das Fetale Neurologie Team

Fetaler Neuroradiologe

MEDICAL UNIVERSITY
OF VIENNA
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Fetal and Developmental (Neuro-)imaging
Daniela Prayer, Patric Kienast, Mariana Diogo, Christian LI
Mitter, Gregor Dovjak, Florian Prayer, |. Pogledic, Marlene Der Wissenschaftsfonds |MBA
Stuempflen, Sarah Glatter, Michael Weber, RT Team OeNB ety
Computational Imaging Research Group
Georg Langs, Ernst Schwarz, Athena Taymourtash w|w| T | F

Department of Pediatrics

Rainer Seidl, Sarah Glatter, Angelika Berger
Institute of Neurology

Christine Haberler, Romana Hoftberger
Maternal Fetal Medicine

Herbert Kiss, Julia Binder, Dieter Bettelheim, Barbara Ulm, Gilen Yelinkaya-Schatten, Christof
Worda, Elisabeth Krampl- Bettelheim

MEDICAL UNIVERSITY WL \/ienna
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Institute of Molecular Biotechnology
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