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Guidelines para RM Fetal

ISUOG Practive Guidelines: perlormance of letal magnelic
[CSONANCE imaging

e Clinical Standards e Educational Recommendations, 2017

Table 2 Steps in performance of fetal magnetic resonance imaging (MRI)

Indication Diependent on quality of previons ultrascund examinations, clinical question and gestational age
Counseling of pregnant Explanation of indication, performance, expected outcome and consequences of the procedure, information
woman about the possibility of an accompanying person, discussion with respect to contraindications and
claustrophobia and sedative drug prescription if necessary
Prereguisites for MEI unit Written referral with clear indication of clinweal question(s), ultrasound report and images (if possible),
gestarional ape confirmed/determined by first-trimester ultrasound
At the MRT unit Clarification of possible contraindications, comfortable positioning of woman (either supine or lateral
decubitus poasition), adequate coil positioning, performance of examination according to pertinent
rotocol _Otimizacdo de sequéncias; redugao de artefatos; 30" tempo scan; 3T
After examination Inform patient about when the report will be ready; in the case of immediate consequences resulting from
MRI examination, information regarding results shoold be provided promptly to the referring physician
Ltorage of images, report Llectronic starage of images, analys:s of images, structured reporting {Table 3)

Ultrasound Obstet Gynecol 2017,;49:671-80
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Seguranca

Safety of ME Imaging at 1.5 T in Fetuses: A Retrospeciive Case-Caontrol Study of Birth
Weights and the Effects of Acoustic Moise.

V4 V4 ° . atrizek B, Jani JC, Mucyo E, De Keyzer F, Pauwels |, Ziane 5, Mansbach AL, Deltenre F, Cas
* Ruido Acustico: T, Cannie MW,

Rad alogy. 2015 May:275(2:530-7. doi: 10.1148/radiol. 147141382, Epuby 2015 Jan 7.
PWID; 25575119

e Correntes alternadas no SiJgrss

A review of the current use of magnetic resonance imaging in pregnaney and safety

e Organ de Corti. “...) uncleop

De Wilde JP, Rivers AW, Price DL. . . .

fetus (...) cochlea is develo i dle ear cavity are
fluid-filled (...)

e Health and Safety Experts (HSE)/ Am.Acad.Pediatrics: INCONCLUSIVO - biétipo materno;

vol. liquido amnidtico; seq. efetuadas e tempo de scan

be applied to the

e Glover et al. (...) microphone into the fluid-filled stomach of a volunteer, and found a >30
dB attenuation. This provides some reassurance that a level close to the instantaneous
damage threshold (120 dB) could be reduced to an acceptable level (<90 dB) (...)
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Seguranca

e Exposicao a RF: hipertermia a a BO, B1, biotipo mae, resisténcia tecidos, t.
de scan

e Alteracao temperatura 0.5°C mae: feto < 38°C

e JEC 60601-2-33: pregnant women (...) normal operating mode SwbSAR is limited to 2
W/kg

* the fetal whole body SAR was less than 1.24 W/kg and 1.14 W/kg at 1.5 and 3T,
respectively. Based on these findings, they suggested limiting continuous RF exposure
to 7.5 min

Concepts Magn Reson 2014;43(6):237-66; Topics in MRI 2011,;22(3):119-31; Phys Med Biol. 2010,55(4):913-30
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Semin Perinatol. 2015;39(2):73-104
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“Technicalities”

Pregnent women models analyzed for BE exposure and lempersiure incresse in 37 RE

SAR : Murbach M, Neufeld E, Samaras T, Carcoles J, Robb FJ, Kainz W, Kuster M.
worsl-case I Magn Rezon Med. 2017 Mey, 77{5]:2043-2056. doi; 101002 nmm. 26265, Epua 2016 May 13.
fetus PMID. 27472495 Fred PMC Articks

. Similar artides
amniotic

fiuid
Local SAR andancemsents in anatomically corract ehildran and adult modals as a function of

position within 1.5 T ME body coil.

Murbach M, Cabot E, Meufeld E, Gosselin MC, Christ A, Pruessmann #F, Kustar I,

Prog Biophys Mol Biol, 2011 Dec;107{3):426-33, dol 1010464, phiomolble.2011,09.017. Epub 2011 Sep 22
PMID: 21984524

Semikar arliclas

Thermal thresholds for teratogenicity, reproduction, and development,
Ziskin MC, Morrissey J.
Int J Hyparthermia. 2011;274 ) 374-87. doi: 10.310H02656736 2011 553769, Review.
PRI 21591900
vertical B1 polarization ,~73°+, horizontal B1 polarization , Smitar aricles
- 1 d } higher fetal exposure i . . o .
LT Numearical sfudy of RF exposure and the resulling lemperature rise in the foetus during a
magnetic resonance procedura,
& - Hand JW, Li ¥, Hajnal JV.
R - Bty Med Biol. 2070 Feb 21:55{4):913-30, deic 10.1088/0031-9155/554/001. Epub 2010 Jan 20,
eddy currents PMID: 20050188
Samikar aringleg

Concepts Magn Reson 2014,;43(6):237-66; Topics in MRI 2011,;22(3):119-31; Phys Med Biol. 2010;55(4):913-30
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Seguranca

 Administracao do Gadolinio:
 Medicamento da classe C em gravidas

e Sem indicacdes documentadas

Citficial Pubhcation of
w The Collegs of
Family Physicians of Canada

Guidalinas

The European Society of Radiology has issued o guideline™ 4

pregnancy. Their conclusion is that gadolinium is probably sa
P . uantities are not expected (o cross the placents or o be woxic
Safety of gadolinium during pregnanc "
t‘f g g preg Y guidehines also state that, given that gadolinium s muinly disi
Facunds Garcia-Bournisaen, MO, Alen Shrim, MD, and Gideon Koran, mapidly eliminated by the kidney, in the unlikely event that so
would be rapidly eliminated into urine. 12

Hong Kong Med J 2016;22:270-8

The use of iodinaied and gadolinium conirmst media during
pregnoncy ond tnctnban

Wabh A, Thomssn HS, Moreos SK, Members of Contras! Madia
Hafely Commitiea of Euvopean Sockely of Urogenital Radiology
(ESUR)

Eur Raoi. 2005 Jun, 15{8) 1234-40

[Fubbdad) [Rgf kat]
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Intravencus Gadolinium Contrast for Fetal MRI

Thers are no absolutz fetal or placental indications for the administraticn of _': r S P R Th E.‘ SDC' Ety fD F

Intravenous gad ast agents (category C drud) and therefore Ped iatri C Ra d | (9] 1 O g Y
administration af thes nts far these specific Indications is not usually

inclicated, YWhile there s a report of & small number of patisnts administersed
gadulinium contrast in the first trimester, with none bavinog experienced conoenital
defacts, there is no licerature to prove its fetal zafe 1. Gadalinium agents are
not knowwn 2t this time to be teratogenic [29-34]. Howewer these agents do enter
fetal-placental clrciation and amnintic fAuld potestizlly creating an endmnment
where dissociation of taxie free gadolinlum may accur by way of delaved sseration

sidered in rare
wond the scope of this

Drigirial livestigation frm |

Ceptomber & 016

Association Between MRI Expo-

sure During Pregnancy and Fe-

tal and Childhood Outcomes
Comparing 1st-trimester MR/ (n =1 737) to no MRI Conclusions and Relevance Exposure to MRI during the first

(n =1 D418D451)' NO SIG DIFFERENCE OR trimester of pregnancy compared with nonexposure was not associat-
ASSOCIATION/Okatio ed with increased risk of harm to the fetus or in early childhood.

. . ope . , Gadolinium MRI at any time during pregnancy was associated with an
The risk was also not significantly higher for congenital Y e

anoma/l.es, neop/qsm, or vision or hear’f”g loss. filtrative skin conditions and for stillbirth or neonatal death. The
Compar/ng gado//nlum MRI (n = 397) with no MRI study may not have been able to detect rare adverse outcomes.

(n=101141811451), the hazard ratio for NSF-like outcomes was
Radiolodl9tistetistically significant Sofia Brand3o 2018

increased risk of a broad set of rheumatological, inflammatory, or in-

JAMA 2016,316(9):952-61
11




Motion Correction

wraslaion " A % A oW o Jyerente
* Pos-processamento: algoritmos que compensam movimentos de rotacao e translacao, in-plane,
through plane

Annu Rev Biomed Eng. 2011;13:345-68; AJNR. 2013,;34(6):1124-36
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Indicacoes para RM Fetal
* Pescoco; Pat. Malformativa Cardiaca
(triggering); Torax; Abdomen

e Teratoma Sacrococcigeo; Malformacodes
vertebrais/medulares (mielomeningocelo)

e Anomalias craniofaciais

* SNC: ventriculomegalia; anomalias do CC; .
hemorragia; padrao sulcacao; heterotopias, {‘_J;L
charneira CCervical > £

La radiologia medica;2018:123:271-85; Hong Kong Med J 2016;22:270-8; J. of Adv Research 2014,;5:507-23
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pOs-processamento

Llplds

MW% Ml JJ 'ﬁf%

entacao)

AJOG 2015,;213(5):741-2 Concepts Magn Reson 2014;43(6):237-66

CORIGIMAL RESEARCH

AJNR 2013;34(2):424-31 PEDIATRICS

MR Spectroscopy of the Fetal Brain:
Is It Possible without Sedation?

¥, Berger-Kulemann, PO Brugges, L Pugasn, B Krssak, B, Wober, & Wiclandeer. ard . Prayer

Radiologia de Fusao Sofia Brandao 2018

12




‘. Rostriam

Estudos Cerebrais Y g
Splenium
- DWI/DTI v

* Predi¢do de consequéncias e - O sostum
funcionais de alteracoes estruturais » |° Lm”’

e Arquitetura de malformacoes .
complexas S 3 pre pre

e Song et al. (2018): 12 casos;

DTI 16 direcbes; b-values 0,700s/mm?; ¥

thick 3mm; 1:16min; algoritmo

deterministico > post

Pediatr Radiol. 2018;48:486-98
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Corpus callosum Corticospinal tracts

Risgtrem Crenu Body Splemium Faght Left

[ ]
E st u d O S C e re b ra I S Positive predictive value (L0 LELLES 50.0% B1.5% OO BE.9%

NEEdl.i'.'t: [.!n'.'-d.iﬂi'q.'u value 3 ] S0.0% 50.0% 333%
Accuracy 0. 7% 15.05% 75.0% Wi 31.7% 13.0%
F]

33sem M - k|
& 1’:}_

Pediatr Radiol. 2018,48:486-98
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Estudos Cerebrais

 Mapping do Desenvolvimento
Fetal (imagens estruturais)

e Mapas paramétricos

probabilisticos das areas

il {8 Suibjsct

o N Fak ,
cerebrais em desenvolvimento (K o B () s
I‘-'-“:.-’:.‘\._:-' - P \.I : e

para a idade gestacional

Int J Dev Neurosci. 2014,32:3-10; Annu Rev Biomed Eng. 2011,13:345-68
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Estudos Cerebrais

Sl raadors
[rp—

Heurong migmon

(...) Tensor Based Morphometry to detect the locally varying
pattern of expansion of tissue (regions that grow faster or
slower than the overall brain), indicating where additional
cortical complexity is being added. {...)

Annu Rev Biomed Eng. 2011,;13:345-68
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 Mapping do Desenvolvimento Fetal (DTI)
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Mapping of FA onto the cortical surface

Neuroimage 2018 April 23; Neuroimage. 2018 Apr 12
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Motion Correction

e Khan et al. (2018):

e 7(60 datasets) casos; DTI 12 direcoes;
b-values 0,500s/mm?Z; thick 2-4mm; 3-
10min

* Motion-correction post processing
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CLINICAL

;DHI’I‘II' hﬂmEﬁlgﬂ: e pleevier.comdiocateynegal

In utero diffusion tensor imaging of the fetal brain: A reproducibility study @;.....m
Andrds Jakab™™*, Ruth Tuura®, Christian Kellenberger, lanina Scheer’

ABSTRACT

Crur purpose was (0 evaluate e withln-cublee: raprod velbility of e wero diffusles rensor Imagiog (0001 mezrles
isibility of major white matler sireciures.
wes for 30 feruses { 20-33, pmtmmsn‘ual weeks, normal neurodevelopment: 6 cases, cerebral p.Jll'lL-i-nm

Reproducibility was mra[uatnd Frnm structure detectability, variability of DTl measures ming the r_'r.-nFﬁﬂent nf
variation (CW), image correlation and structural similarity scross repeated seans for six selected structures, The
effect of age, scanner type, presence of pathology was determined using Wilcoxon rank sum test,
White marter structures were detectable in the following percentage of feruses in at least two of the three
repeated scans: corpus callosum gemo 76%, splenium 64%, internal capsule, posterior limb 60%, brainstem fibers
and temporooccipital association pathwavs 60%. The mean CV of DT] metrics ranged between 3% and
14.6% and we measured higher reproducibility in fetuses with normal brain development. Head motion was)
negatively correlated with reproducibility, this effiect was partially ameliorated by motion-correction algorithm
using image registmation. Structures on 3.0 T had higher variability both with- and without motion correction,
Fetal DT is reproducible for projection and commissural bundles during mid-gestation, however, in 16-30%
of the cases, data were corrupted by artifacts, resulting in impaired detection of white matter structures, To
achieve robust results for the quantitative analysis of diffusivity and anisotropy values, fetal-specific image
processing is recommended and repeated DT s needed to ensure the detectability of fiber pathways.

Neuroimage. 2018 Aung 30
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Human Fetal Brain Connectome:

Fetal Brain Structural Connectome
(Oct 2017) AT

(a) 0L (b) 1/8 L (c)1/4 L (d) 3/8 L {e) 112 L
20 weeks s o ; v
| . ) ':._E_-h [ ;'-h-'--_!_ -;_:Ic._.;:‘ {: .
I‘" .'_j. | i |‘-:l.. - ..- l:l; = L N '%J_L-;,ﬁ. L& 'rl'“-f-' - $ ;
P e
1em
35 weeks $ Z
= i L .I? .' ’ -.:f"l.- T 1. t I ‘; 1 * . It
= Lol Sl
=0 O - ] 7 5
icm
40 weeks
i AUk A L L 4
a TN ) o L -
L HH" {_:Tr
L ol - icm

b-values 0 e 1000 s/mm?; 30 dir; 11min

Radiologia de Fusao Sofia Brandao 2018 19




Fetal Brain Functional Connectome

* resting-state fMRI

ol mPFC o l'-"l:{-:‘ L i
d L T

 Fetal rs functional connectivity (...) advance
knowledge of human neurodevelopment
and even predict, birth outcomes and child

i
i

ﬂ%

~
L
o

psychopathology in utero

e fetal functional connectivity development
may follow both medial-to-lateral and
posterior-to-anterior patterns of
development

Trends Cogn Sci. 201620(12):931-9
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Fetal Brain Functional Connectome

seed areas functional connectivity maps

Group ICA of spontaneous fMRI activity patterns in 25 fetuses

BA = area (24 to 28 weeks of gestation)
funcional do

mapa de E

Brodman

teesdaa0

X KT

LY
$6066

Sci Transl Med. 2013;5(173):173ra24.
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bSSFP bSSFP
diverticulo VD massa AE

Estudos Cardiacos - F_ﬂ"
V|

* Fogel MA et al. 2005

* Desafios Técnicos

e Auséncia de sinal ECG para

: : A . 4
sincronizar as sequéncias | \ -
SSFSE bSSFP :
e Movimento incoerente e cardiomegalia defeito se -
imprevisivel do feto i {
(i g N
e Tamanho W A by ¢ k{ .
* Imagens estaticas \
B

e Sequéncias SSFP sem trigger

Springerplus. 2016 Jul 29;5(1):1214; Springerplus. 2016;29;5(1):1214
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Estudos Cardiacos P

¥ ¥

* Self-gating: detetar as contracdes 't  Soedp

L. pap. muscle
= IV wall

tendo como base info das imagens

* Modulacao da amplit. do sinal no | @
centro do k-space | R

k]
k|
[

ool

Inie rventr. septum

-}

IV wall

RV weall

* Metric Optimized Gating: estimar

RV blood pool

LV blood p

iterativamente o ECG ao minimizar a
entropia relacionada c/ artefatos

ghosting
LV wall
 Self-gated retrospective (Chaptinel et o P e e i
al. 2017) N 4 i Sl

RV wall

Nature Scientific Reports 2017;7(15540)
Radiologia de Fusao Sofia Brandao 2018 22




Conclusoes

)

* Movimento fetal € um major issue

* Sequéncias rapidas, fator de aceleracao

* Hardware
e Utilizac3o clinica generalizada: POS-PROCESSAMENTO

Sofia Brandao 2018 24
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