THE COMPLEMENTARY ROLE OF FETAL MRI AND
FETAL ULTRASOUND

Magdalena Sanz Cortes, MD, PhD
Associate Professor Baylor College of Medicine
Department of Obstetrics and Gynecology
Texas Children’s Hospital

Texas Children'
Hospital’

Cortical development

e neuron model

Proliferation, migration, cortical
organization

3.Neuronal
connections

2. Migration

1. Specification

Cortical development

2-12w 20 w term 6 months

2 Author Manuserip
)

> NIH Public Access
"

A Structural MRI Study of Human Brain Development from Birth
to2Yoars
ebeces ¢ Kk’ sy Gt sy g, Oy Era!, Kty
e e e S o e
2 Towsamveme b Vomeolte Coteatremispbens
i
- oo
< Carsonen 4 mcorcatana s
3 / 1 /—L
| e b o

5

¥
N Texas Children's
Anatomical Characterization of Human Fetal Brain Hospital
Development with Diffusion Tensor Magnetic Resonance
Imaging

Huang et al J Neurosci 2009




KEY POINTS FOR FETAL BRAIN ASSESSMENT

RELEVANCE OF 3D
ASSESSMENT IF
SUSPECTED ANOMALY

CHANGING APPEARANCE
OVERTIM

JE— R

4 4

"Texas Children's
Hospital’

Additional value of MRI depends on

the examiner’s ultrasound or

Neurosonography skills.
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CNS examination

GUIDELINES

THE INTERNATIONAL SOCIETY OF

o?§ ULTRASOUND

mmEm in Obstetrics & Gynecology

Sonographic examination of the fetal central nervous system:
guidelines for performing the ‘basic examination’ and the
‘fetal neurosonogram’

CNS examination

ULTRASOUND fetal CNS
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e - Fetal Neurosonogram

al

standardization of the planes and sections by
anatomic landmarks
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basic examination CNS

transventricular

transthalamic

transcerebellar

1- Systematic review of brain anatomy
2- Sweeps
3- Brain and skull biometrics

4- Interpretation of images based on GA

Guidelines ISUOG, 2007

advanced examination CNS
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CLINICAL EXAMPLES OF ADDED VALUE OF FETAL BRAIN MRI

ISUOG Practice Guidelines: performance of fetal magnetic
resonance imaging
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29 weeks 29 weeks 29 weeks

us:
Ventriculomegaly: Right atrium 14 mm, 12 mm left

Macrocephaly

Amniocentesis: 46 XY

PCR CMV negative

MRI was indicated




33 weeks 33 weeks 33 weeks

T2 axial T2 coronal sections T2 sagittal
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First pregnancy.
Final diagnosis : Perisylvian bilateral polimicrogiria

No family history of hereditary disease.
Unfavorable prognosis: pseudobulbar signs, cognitive deficits, epilepsy

Uneventful gestation

Ultrasound 34 weeks




36 weeks
T2 sections
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Cortical tubers

Final diagnosis: Tuberous sclerosis
Poor prognosis: Mental retardation in 50%
Diagnosis: - Brain tubers 47% (Cortical tubers and subependymal nodules)
- Rhabdomiomas 37%

- Fetal brain MRI is superior to brain US.

Excluded cases from prenatal
repair

w L5 LOL, No HBH

Aaronson Radiology et al 2003;

GA23.2w L2-8 HBH limited

open sacral NTD configuration
nt with HBH and myeloschisis

GA 232 paper thin lower uterine segment on
cesarean scar area.

GA 33.6w lipomeningocele L4-S,
Closed MNC

204 referrals to
Texas Children’s Fetal Center

v
175 outpatient
evaluation

> 95 ineligible for fMMC repair by phone interviewirecord review

H v v v
17 maternal criteria 64 fetal criteria

36% 20 (25%) open repair

) qualified for repair

43 (54%) fetoscopic repair

17 (21%) declined repair

Pan et al Submitied

Adzick, NE.

Molderhauer FO'
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evaluation evaluation

v
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v 4 social
17 maternél criteria 64 fetal criteria 2 both reasons
10% 36%
16 No HBH

10 Closed lesions ¢z,
12 additional anomalies
9 GA>26w
7LOLoutof range 4%
6NoNTD
3 Twin gestations

1 demise

Adzick, NEJM, 2011 Molderhauer FDT 2015 Pan ot al. Subritied

¥
17 matemal criteria

H v
4 social
64 fetal criteria 2 both reasons

MOMS trial: 17% of patients with suspected fMMC eventually

qualified and consented to randomization for fetal repair.
Moldenhauer et al: 17% of 587 referrals ended up in surgery

Adzick, NEJM, 2011; Moldenhaver FDT 2015 Pan et al. Submited
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Reversing Brain Damage in mﬁt’hﬁm‘
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for Traumatic Brain Injury and
Substance Abuse Rehabilitation'

Improvement at the Cognitive Functioning

SPECT imaging: Increased perfusion in
prefrontal cortex, parietal lobes, occipital
lobes, anterior cingulate gyrus and
cerebellum
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OBSTETRICS
Clinical assessment and brain findings in a cohort of
mothers, fetuses and infants infected with ZIKA virus

Sanz Corte et al. AJOG 2018,

*13 cases abnormal US findings ( 11 confirmed/ 2 presumed ZIKV infection)

Decreased  Enlarged Cortical  Simplified BS Vermian
D B space VMG bn  gyralpattern  CC  hypoplasia hypoplasia
1 Yes Yes Yes Yes Yes No data No No
2 Yes Yes Yes. Yes Yes. No data No No
3 Yes Yes Yes Yes Yes No data No No
4 No Yes No No No No data No No
5
6 Yes Yes Yes Yes Yes No data Yes No
:
9 Yes Yes Yes Yes Yes No data No No
10 Yes Yes Yes Yes Yes. Hypoplasia  No No
11 Yes Yes Yes Yes Yes No data No No
12 Yes Yes Yes Yes Yes  Hypogenesis  No No
13 No' No No No No Normal No Yes
80% 80%  80% 80%  80% 20% 10% 10%

GA at detection of anomalies: 28.6 +5.1w

Sanz Corte et al. AJOG 2018,




Generalized decreased brain volumes with increased
subarachnoid volume.
Supratentorial brain parenchymal volume most affected.

ZIKAinfected  Healthy controls [l P
fetuses
N=10
GAat scan 30.01+4.57 30.72+4.607 073
Ventricular volume 12.09+3.35 8.12+2.98 0.01
Supratentorial brain 45.84127.046 178.80+80.36  <0.01
parenchymal volume

Brainstem volume 2.3640.97 36414 0.03
Cerebellar volume 5.8743.45 9.05+4.92 0.1
Subarachnoid volume 60.01+21.40 102.82436.41  <0.01
TBV 66.1730.18 199.50:89.00  <0.01
302.41+124.86  <0.01

TICV 126.19+49.80

CONTROL

Trend for decreased ADC values in Zlka fetuses in apparently
normal areas

2ZIKA Heal P
infected controls.

ADC cerebellar 1464005 | 164+0.11 006

hemispheres

ADC cerebellar 134025  152:0.07 023

vermis

ADCfrontal 1614017 | 163+0098 088

AbC 1.8440.12  167:019 0.06

mesencephalon

ADC parietal 15410205 1614013 065
ADC occipital 15640189 1514005 0.7
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50 NTD fetuses N2
(32 open/18 fetoscopic) “Texas Chidren
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Need for
Hydrocephalus
treatment
Shunt or ETV
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Predictive values of categorical variables 0Odds Ratio 95% CI L
fentricular 7,02 mi7week 275 (@.14-430.88) <0.01
and/or HBH score post-surgery 3
HBH score post surgery=3 38.66 (4.07-369.46) <0.01
Non reversal of HBH (clinical assessment) 2 (5.42-144.72) <0.01
Ventricular volume growth 2 2.02ml/week 14.62 (2.19-97.61) <0.01
Pre-surgery US - mean ventricular width 2 10.33 (1.05-102.08) 0.04
mm
Pre-delivery US- mean ventricular width 2 42 (0.47-37.56) 0.19
10mm
Pre-delivery US- mean ventricular width 2 321 (0.90-11.46) 0.07
m
Pre-surgery US - mean ventricular width > 2.49 (0.708.83) 0.15
mm
HBH score pre- surgery=3 227 (0.53-9.69) 0.26
HBH score pre-surgery= 2 0.51 0.12:2.19) 0.36
Pre-surgery MRI- mean ventricular width 2 1.88 (0.55-6.44) 0.31
10mm
Post-surgery MRI - mean ventricular width 2 15 (0.42:5.38) 0.53
15mm
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WATER DIFFUSION (ADC)

Frontllobe Occipital  Basal  Pyramidal  Corpus
lobe  gangla tract

SGAs differences in microstructure.
More immature pattern.
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Non invasive tool to assess metabolic status of a tissue in vivo

Inositol
Creatine

Glial marker

Cellular energy
status
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With advancing GA: Increase of NAA

Decrease of Cho
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Metabolic quantification
L e )
No diferences In Pl UA -Results frequently expressed as ratios (frequently in relation to Cre or Cho)
Lower MCA, CPR, oxygen delivery and - Metabolites identified in fetal MRS: NAA, Cho, Cre, Ino, Lactate
-Voxel location
MR Spectroscopy
MR Spectroscopy MRS in neonatal encephalopathy
How to interpret clinically the information from MRS?
Normal metabolic changes in the fetus ok wag res wed 2002
Lactate
Hypoxia Term Neonate Prognoses after
] S Anaerobi : i o
| s masabolism Perinatal Asphyxia: Contributions
: | > S vy W cholce of MR Imaging, MR Spectroscopy,
. » Neuronal and glial
Freaency rom cm e — SN marker

Relaxation Times, and Apparent
Diffusion Coefficients'

Boichol Radiology 2006

- 30 term neonates severe perinatal asphyxia:
16 unfavorable outcome +14 favorable outcome >12m.
- Unfavorable outcome: Decreased NAA and Cho.

- NAA in BG < 4: Unfavorable individual prognosis: Sens 94% Spec 93%.

H' MRS in neonatal encephalopathy:
Good prognostic marker for neurological outcome later on.
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a proton magnetic resonance spectroscopy study
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Neonatal neurobehavior: 42 weeks.

NBAS test

42 Cases
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Lower NAA/Cho and NAA/Cre in IUGR
Lactate in IUGR
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Toxtural feature selection
Machine learning algorithm
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textural features to predict neonatal
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Accuracies to predict abnormal neurobehavior based on brain TA: E - 4 -] changes in . »
Frontal 95.1%; BBGG 95.5%; 93.1%C 83.3% - . -M B both areas
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) Masoller et al UOG 2016
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HOW CAN NEW MODALITIES OF FETAL MRI
IMPROVE CLINICAL PRACTICE?

MCDA 29 weeks TTTS stage IV

Hydrocephalus

Periventricular, intr:
intraventricular hem

CLINIC

36 weeks
T2 sections

o~
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Subependymal nodules

Cortical tubers

SUPRAVENTRICULAR ISCHEMIA

36 weeks
MRS from a brain nodule

| NAA levels . Metabolic pattern similar to TS in the
adult

CLINIC

DWI




Normal ADC values in 29 w
FRONTAL Frontal lobe:2200 10€mm?2/s

Periatrial: 2000 10¢mm?/s

Cerebellum: 1700 10°mm?/s

CEREBELLUM a0 ENU AND SPLENIO

. T
TWIN B SHOWS REDUCED DIFFUSIVITY

Thank you very much for your attention

magdalec@bcm.edu



