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KEY POINTS FOR FETAL BRAIN ASSESSMENT 

RELEVANCE OF 3D 
ASSESSMENT IF 

SUSPECTED ANOMALY

CHANGING APPEARANCE 
OVER TIME 

Additional value of MRI depends on 

the examiner’s  ultrasound or 

Neurosonography skills.

Sonographic examination of the fetal central nervous system: guidelines for performing the ‘basic examination’ and the ‘fetal neurosonogram’.UOG.2007
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Sonographic examination of the fetal central nervous system:
guidelines for performing the ‘basic examination’ and the
‘fetal neurosonogram’

INTRODUCTION

Central nervous system (CNS) malformations are some of
the most common of all congenital abnormalities. Neural
tube defects are the most frequent CNS malformations and
amount to about 1–2 cases per 1000 births. The incidence
of intracranial abnormalities with an intact neural tube is
uncertain as probably most of these escape detection at
birth and only become manifest in later life. Long-term
follow-up studies suggest however that the incidence may
be as high as one in 100 births1.

Ultrasound has been used for nearly 30 years as the
main modality to help diagnose fetal CNS anomalies. The
scope of these guidelines is to review the technical aspects
of an optimized approach to the evaluation of the fetal
brain in surveys of fetal anatomy, that will be referred
to in this document as a basic examination. Detailed
evaluation of the fetal CNS (fetal neurosonogram) is also
possible but requires specific expertise and sophisticated
ultrasound machines. This type of examination, at
times complemented by three-dimensional ultrasound,
is indicated in pregnancies at increased risk of CNS
anomalies.

In recent years fetal magnetic resonance imaging (MRI)
has emerged as a promising new technique that may add
important information in selected cases and mainly after
20–22 weeks2,3, although its advantage over ultrasound
remains debated4,5.

GENERAL CONSIDERATIONS

Gestational age

The appearance of the brain and spine changes throughout
gestation. To avoid diagnostic errors, it is important
to be familiar with normal CNS appearances at
different gestational ages. Most efforts to diagnose
neural anomalies are focused around midgestation. Basic
examinations are usually performed around 20 weeks’
gestation.

Some abnormalities may be visible in the first and early
second trimesters6–11. Even though these may represent
a minority they usually are severe and deserve therefore
special consideration. It is true that early examination
requires special skills, however, it is always worthwhile to
pay attention to the fetal head and the brain at earlier ages.
The advantage of an early fetal neuroscan at 14–16 weeks
is that the bones are thin and the brain may be evaluated
from almost all angles.

Usually, a satisfying evaluation of the fetal CNS can
always be obtained in the second and third trimesters
of pregnancy. In late gestation, visualization of the
intracranial structures is frequently hampered by the
ossification of the calvarium

Technical factors

Ultrasound transducers

High frequency ultrasound trandsucers increase spatial
resolution but decrease the penetration of the sound
beam. The choice of the optimal transducer and
operating frequency is influenced by a number of
factors including maternal habitus, fetal position and the
approach used. Most basic examinations are satisfactorily
performed with 3–5-MHz transabdominal transducers.
Fetal neurosonography frequently requires transvaginal
examinations that are usually conveniently performed
with transducers between 5 and 10 MHz12,13 Three-
dimensional ultrasound may facilitate the examination
of the fetal brain and spine14,15.

Imaging parameters

The examination is mostly performed with gray-scale bidi-
mensional ultrasound. Harmonic imaging may enhance
visualization of subtle anatomic details, particularly in
patients who scan poorly. In neurosonographic studies,
Color and power Doppler may be used, mainly to iden-
tify cerebral vessels. Proper adjustment of pulse repetition
frequency (main cerebral arteries have velocities in the
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range of 20–40 cm/s during intrauterine life)16 and signal
persistence enhances visualization of small vessels.

BASIC EXAMINATION

Qualitative evaluation

Transabdominal sonography is the technique of choice
to investigate the fetal CNS during late first, second and
third trimesters of gestation in low risk pregnancies. The
examination should include the evaluation of the fetal
head and spine.

Two axial planes allow visualization of the cerebral
structures relevant to assess the anatomic integrity of the
brain17. These planes are commonly referred to as the
transventricular plane and the transcerebellar plane. A
third plane, the so-called transthalamic plane, is frequently
added, mostly for the purpose of biometry (Figure 1).
Structures that should be noted in the routine examination
include the lateral ventricles, the cerebellum and cisterna
magna, and cavum septi pellucidi. Head shape and brain
texture should also be noted on these views (Table 1).

The transventricular plane

This plane demonstrates the anterior and posterior
portion of the lateral ventricles. The anterior portion
of the lateral ventricles (frontal or anterior horns) appears
as two comma-shaped fluid filled structures. They have

Figure 1 Axial views of the fetal head. (a) Transventricular plane;
(b) transthalamic plane; (c) transcerebellar plane.

Table 1 Structures that are usually noted in a basic ultrasound
examination of the fetal central nervous system

Head shape
Lateral ventricles
Cavum septi pellucidi
Thalami
Cerebellum
Cisterna magna
Spine

a well defined lateral wall and medially are separated by
the cavum septi pellucidi (CSP). The CSP is a fluid filled
cavity between two thin membranes. In late gestation
or the early neonatal period these membranes usually
fuse to become the septum pellucidum. The CSP becomes
visible around 16 weeks and undergoes obliteration near
term gestation. With transabdominal ultrasound, it should
always be visualized between 18 and 37 weeks, or with
a biparietal diameter of 44–88 mm18. Conversely, failure
to demonstrate the CSP prior to 16 weeks or later than
37 weeks is a normal finding. The value of visualizing
the CSP for identifying cerebral anomalies has been
debated17. However, this structure is easy to identify
and is obviously altered with many cerebral lesions such
as holoprosencephaly, agenesis of the corpus callosum,
severe hydrocephaly and septo-optic dysplasia19.

From about 16 weeks the posterior portion of the
lateral ventricles (also referred to as posterior horns)
is in reality a complex formed by the atrium that
continues posteriorly into the occipital horn. The atrium is
characterized by the presence of the glomus of the choroid
plexus, which is brightly echogenic, while the occipital
horn is fluid filled. Particularly in the second trimester of
gestation both the medial and lateral walls of the ventricle
are parallel to the midline and are therefore well depicted
sonographically as bright lines. Under normal conditions
the glomus of the choroid plexus almost completely fills
the cavity of the ventricle at the level of the atrium being
closely apposed to both the medial or lateral walls, but in
some normal cases a small amount of fluid may be present
between the medial wall and the choroid plexus20–23.

In the standard transventricular plane only the
hemisphere on the far side of the transducer is usually
clearly visualized, as the hemisphere close to the
transducer is frequently obscured by artifacts. However,
most severe cerebral lesions are bilateral or associated
with a significant deviation or distortion of the midline
echo, and it has been suggested that in basic examinations
symmetry of the brain is assumed17.

The transcerebellar plane

This plane is obtained at a slightly lower level than that
of the transventricular plane and with a slight posterior
tilting and includes visualization of the frontal horns of the
lateral ventricles, CSP, thalami, cerebellum and cisterna
magna. The cerebellum appears as a butterfly shaped
structure formed by the round cerebellar hemispheres

Copyright © 2007 ISUOG. Published by John Wiley & Sons, Ltd. Ultrasound Obstet Gynecol 2007; 29: 109–116.

Sonography of the fetal CNS

Basic Examination Fetal Neurosonogram

CNS examination

Guidelines ISUOG, 2007

*

basic examination CNS

1- Systematic review of brain anatomy  

2- Sweeps 

3- Brain and skull biometrics 

4- Interpretation of images based on GA

transventricular

transthalamic

transcerebellar

advanced examination CNS
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ISUOG Practice Guidelines: performance of fetal magnetic
resonance imaging

Clinical Standards Committee

The International Society of Ultrasound in Obstetrics
and Gynecology (ISUOG) is a scientific organization that
encourages sound clinical practice, and high-quality teach-
ing and research related to diagnostic imaging in women’s
healthcare. The ISUOG Clinical Standards Committee
(CSC) has a remit to develop Practice Guidelines and Con-
sensus Statements as educational recommendations that
provide healthcare practitioners with a consensus-based
approach, from experts, for diagnostic imaging. They are
intended to reflect what is considered by ISUOG to be
the best practice at the time at which they are issued.
Although ISUOG has made every effort to ensure that
Guidelines are accurate when issued, neither the Society
nor any of its employees or members accepts any liability
for the consequences of any inaccurate or misleading data,
opinions or statements issued by the CSC. The ISUOG
CSC documents are not intended to establish a legal stan-
dard of care because interpretation of the evidence that
underpins the Guidelines may be influenced by indivi-
dual circumstances, local protocol and available
resources. Approved Guidelines can be distributed freely
with the permission of ISUOG (info@isuog.org).

These guidelines are based on consensus reached
between participants following a survey of current
practices, conducted by ISUOG in 2014 (Appendix S1).

INTRODUCTION

Fetal magnetic resonance imaging (MRI) is an important
diagnostic imaging adjunct to ultrasonography1, partic-
ularly for the assessment of fetal brain development2.
A survey conducted by ISUOG in 2014 (Appendix S1),
in which 60 international perinatal centers participated,
showed that fetal MRI is being performed in one or
more centers in at least 27 countries worldwide. How-
ever, the quality of imaging, sequences used and operator
experience appear to differ widely between centers3.

The impact of such differences should be reduced by
development of guidelines to define better the role of
fetal MRI in relation to prenatal diagnostic ultrasound.
The aim of this document is to provide information on
state-of-the-art fetal MRI for those performing the exam-
ination, as well as for clinicians interpreting the results.

What is the purpose of fetal MRI?

The purpose of fetal MRI is to complement an expert
ultrasound examination4,5, either by confirmation of
the ultrasound findings or through the acquisition of
additional information6. MRI is not currently used as
a primary screening tool in prenatal care, although
standardized and complete assessment of the fetal
anatomy is probably feasible. Figure 1 presents the survey
participants’ opinions regarding indications for which
MRI can provide useful information.

Is fetal MRI a safe procedure?

MRI is not associated with known adverse fetal effects at
any point in pregnancy, when performed without admini-
stration of contrast media7. There are no reported adverse
effects of MRI performed at 1.5 Tesla (1.5 T)8. However,
there have been no human studies of possible adverse
effects at higher field strength, such as 3.0 T7,9,10, although
recent data show that it may be safe in a porcine model11.

Under which circumstances should fetal MRI be
performed?

There is general consensus that fetal MRI is indicated
following an expert ultrasound examination in which
the diagnostic information about an abnormality is
incomplete. Under these circumstances, MRI may provide
important information that may confirm or complement
the ultrasound findings and alter or modify patient
management.

Presently, factors influencing the decision to perform
fetal MRI include, but are not limited to: experi-
ence/equipment of the ultrasound and MRI facilities,
accessibility to MRI, maternal conditions, gestational age,
safety concerns, legal consideration regarding termination
of pregnancy (TOP) and parental wishes after appropriate
counseling3,10,12,13.

The ISUOG survey addressed the necessity of MRI for
selected indications and used a 7-point rating scale to
weight the responses from 0 (not at all indicated) to 7
(definitely indicated) (Figure 1). The variety of responses
is likely to reflect the divergence seen between various
specialties and the spectrum of pathologies seen at each

Copyright © 2017 ISUOG. Published by John Wiley & Sons Ltd. ISUOG GUIDELINES
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29 weeks

5/2

29 weeks 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 



T2 axial

33 weeks

T2 coronal sections

33 weeks

T2 sagittal

33 weeks

• Final diagnosis :  Perisylvian bilateral polimicrogiria  

• Unfavorable prognosis: pseudobulbar signs, cognitive deficits, epilepsy

• First pregnancy.  

• No family history of hereditary disease. 

• Uneventful gestation 

• Ultrasound  34  weeks



36 weeks

T2 sections

Cortical tubers

Subependymal nodules

• 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.

Isaacs 2009, Levine 2000

Excluded cases from prenatal 
repair

GA 23 w L5 LOL, No HBH

Aaronson Radiology et al 2003;

GA 23 w S4 as upper level of the lesion

GA 23.2 w L2-S HBH limited 

GA 22.0w open sacral NTD configuration 
consistent with HBH and myeloschisis 

GA 33.6w lipomeningocele L4-S.  
Closed MMC

GA 23 .2 paper thin lower uterine segment on 
cesarean scar area.  

204 referrals to 
 Texas Children’s Fetal Center 

175 outpatient 
evaluation 

95 ineligible for fMMC repair by phone interview/record review

17 maternal criteria  64 fetal criteria  2 both

36%10%

Pan et al. Submitted

80 (46%) qualified for repair 
20 (25%) open repair 

17 (21%) declined repair 

43 (54%) fetoscopic repair

89 (53%)  were excluded 

Adzick, NEJM, 2011; Moldenhauer FDT 2015



204 referrals to 
 Texas Children’s Fetal Center 

175 outpatient 
evaluation 

95 ineligible for fMMC repair by phone interview/record review

17 maternal criteria  64 fetal criteria  2 both 4 social 
reasons 

16 No HBH 

10 Closed lesions 

12 additional anomalies 

9 GA >26w 

7 LOL out of range 

6 No NTD 

3 Twin gestations 

1 demise  

36%10%

9%

6%

4%

Pan et al. Submitted

89 (53%)  were excluded 

Adzick, NEJM, 2011; Moldenhauer FDT 2015

204 referrals to 
 Texas Children’s Fetal Center 

175 outpatient 
evaluation 

95 ineligible for fMMC repair by phone interview/record review

17 maternal criteria  64 fetal criteria  2 both 4 social 
reasons 

Pan et al. Submitted

89 (53%)  were excluded 

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; Moldenhauer FDT 2015

ROLE OF IMAGING TO ASSESS BRAIN PLASTICITY 

ADULTS FETUSES?

ROLE OF IMAGING TO ASSESS BRAIN PLASTICITY ROLE OF IMAGING TO ASSESS BRAIN PLASTICITY 

ADULTS FETUSES?

SPECT imaging: Increased perfusion in 
prefrontal cortex, parietal lobes, occipital 

lobes, anterior cingulate  gyrus and 
cerebellum

Improvement at the Cognitive Functioning



Fetal brain MRI

ANATOMIC 
FETAL MRI

How can we obtain more information 
from fetal brain MRI??

Fetal brain MRI

SanzCortes Fet Diagn TherPLOS One 2013

Texture analysis

 Schöpf  UOG 2012Resting state 

ANATOMIC 
FETAL MRI

Story  AJOG 2013      MR Spectroscopy

Cortical 
asymmetry

Kasprian Cereb Cortex 2010Egaña-Ugrinovic AJOG  2013

Cortical 
development 

Habas Cereb Cortex 2012

Kaspriant Neuroimage 2008

DTI. Tractography.Connectomics
Studhome. Int J Dev Neurosc 2013

Volumetry

Studholme IntJ Dev Neurosc. 
2013

Quantitative imaging biomarkers

FETAL BRAIN SEGMENTATION

FIRG. MFM Division, Baylor College of Medicine 

Sanz Corte et al. AJOG 2018.

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

ID
Decreased  

BV
Enlarged  
SA space VMG

Cortical  
abn

Simplified  
gyral pattern CC

BS 
 hypoplasia

Vermian  
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
7
8
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% 20% 10%80% 10%

GA at detection of anomalies: 28.6 +5.1w

Fetal brain segmentation

Sanz Corte et al. AJOG 2018.

DWI



ZIKA

CONTROL

ZIKA infected 
fetuses 
N=10

Healthy controls 
N=10

P

GA at scan 30.01+4.57 30.72+4.607 0.73

Ventricular volume 12.09+3.35 8.12+2.98 0.01
Supratentorial brain 
parenchymal volume 

45.84+27.046 178.80+80.36 <0.01

Brainstem volume 2.36+0.97 3.6+1.4 0.03
Cerebellar volume 5.87+3.45 9.05+4.92 0.11

Subarachnoid volume 60.01+21.40 102.82+36.41 <0.01

TBV 66.17+30.18 199.59+89.09 <0.01
TICV 126.19+49.80 302.41+124.86 <0.01

Generalized decreased brain volumes with increased 
subarachnoid volume.  

Supratentorial brain parenchymal volume most affected. 

ZIKA 
infected 
fetuses 

Healthy 
controls 

N=3

P

ADC cerebellar 
hemispheres

1.46+0.05 1.64+0.11 0.06

ADC cerebellar 
vermis 

1.3 +0.25 1.52+0.07 0.23

ADC frontal 1.61+0.17 1.63+0.098 0.88

ADC 
mesencephalon

1.34+0.12 1.67+0.19 0.06

ADC parietal 1.54+0.205 1.61+0.13 0.65

ADC occipital 1.56+0.189 1.51+0.05 0.7

Righini, Andrea, et al. Apparent Diffusion Coefficient Determination in Normal Fetal Brain: A Prenatal MR Imaging Study AJNR Am J Neuroradiol 2003 24: 799-804 
-Schneider M. M., Berman J. I., Baumer F. M., et al. Normative apparent diffusion coefficient values in the developing fetal brain. American Journal of Neuroradiology. 2009;30(9):1799–    
1803

Trend for decreased ADC values in ZIka fetuses in apparently 
normal areas
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Need for 
Hydrocephalus 
treatment  
Shunt or ETV

50 NTD fetuses  
(32 open/18 fetoscopic)

Zarutskie et al. UOG 2019

  
Predictive values of categorical variables 

 

  
Odds Ratio

  
95% CI

  
p*

Ventricular volume growth ≥ 2.02 ml/week 
and/or HBH score post-surgery 3

42.25 (4.14-430.88) <0.01

HBH score post surgery=3 38.66 (4.07-369.46) <0.01

Non reversal of HBH (clinical assessment) 28 (5.42-144.72) <0.01

Ventricular volume growth ≥ 2.02ml/week 14.62 (2.19-97.61) <0.01

Pre-surgery US - mean ventricular width  ≥  
15mm

10.33 (1.05-102.08) 0.04

Pre-delivery US- mean ventricular width ≥ 
10mm

4.2 (0.47-37.56) 0.19

Pre-delivery US- mean ventricular width ≥ 
15mm

3.21 (0.90-11.46) 0.07

Pre-surgery US - mean ventricular width  ≥  
10mm

2.49 (0.70-8.83) 0.15

HBH score pre- surgery=3 2.27 (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 ≥  
10mm

1.88 (0.55-6.44) 0.31

Post-surgery MRI - mean ventricular width  ≥  
15mm

1.5 (0.42-5.38) 0.53

Zarutskie et al. UOG 2019

Sulcation analysisFetal brain DTI
DWISanz-Cortes UOG 2010

SGAs differences in microstructure. 
More immature pattern. 

LATE IUGR



FETAL HEMODYNAMICS  BY MRI
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Zhu AJOG 2015

14 IUGR 26 AGA 

35 w GA MRI
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No differences in PI UA.  

Lower MCA, CPR, oxygen delivery and consumption
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Non invasive tool to assess metabolic status of a tissue in vivo

-Metabolic quantification 

-Results frequently expressed as ratios (frequently in relation to Cre or Cho) 
- Metabolites identified in fetal MRS: NAA, Cho, Cre, Ino, Lactate 

-Voxel location

MR Spectroscopy MR Spectroscopy

Metabolic peak identification

NAA 
Neuronal and glial 

marker

Inositol 
Glial marker

Choline 
Myelination

Creatine 
Cellular energy 

status 

MR Spectroscopy

How to interpret clinically the information from MRS?

Lactate 
Hypoxia. 

Anaerobic 
metabolism 

MR Spectroscopy

Normal metabolic changes in the fetus Kok Mag Res Med 2002

With advancing GA: Increase of NAA 
                               Decrease of Cho

Cho/CrNAA/Cho

 - 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%.

H1 MRS in neonatal encephalopathy:  
Good prognostic marker for neurological outcome later on.

Boichot Radiology 2006

MRS in neonatal encephalopathy



Lower NAA/Cho and NAA/Cre in IUGR 

Lactate in IUGR

SPECTROSCOPY IN FETAL EARLY ONSET IUGR

Sanz-Cortes UOG 2010
Sanz-Cortes FDT 2014

*GLM comparison of each group vs AGA adjusting for maternal smoking, GA at MRI

SGAs differences in brain metabolism

IUGR SGA AGA

Cho

NAA

myoIno

SPECTROSCOPY IN FETAL LATE ONSET 
IUGR

37 w GA . Anatomical acquisition in 3 planes

Delineation 5 ROIS
MESENCEPHALON 
FRONTAL LOBE 

CEREBELLUM 
BBGG

Fetal MRI

NBAS test

42 Cases

49 Controls

>1 area <5th centile

All  areas >5th centile

91 SGA fetuses Birthweight <10th cent+ Normal UA Doppler

Neonatal neurobehavior: 42 weeks.

Sanz -Cortes Fet Diagn Ther 2013.Sanz-Cortes. PLOS One 2013

TEXTURE ANALYSIS

Textural feature selection 

Ability of  
textural features to predict neonatal  

neurobehavioral performance.

Textural feature extraction

Machine learning algorithm

Cases Controls

Accuracies to predict abnormal neurobehavior based on brain TA: 
Frontal 95.1%; BBGG 95.5%; Mesencephalon 93.1%;Cerebellum 83.3%

TEXTURE ANALYSIS
Egaña-Ugrinovic AJOG 2013.UOG 2013

SGAs: Differences in brain 
sulcation pattern, 

especially in the insula

*p <0.05. GLM adjusted for gender, GA 

IUGR fetuses showed deeper fissures overall

BIOMETRIC ANALYSIS

IUGR fetuses showed smaller operculums

   *p<0.05.GLM adjusted for TBV, 

VOLUMETRIC ANALYSIS

CORTICAL DEVELOPMENT ANALYSIS

www.medicinafetalbarcelona.org

 BRAIN VOLUMETRY

CORTICAL 
DEVELOPMENT

SPECTROSCOPY

cm3

*

*

TBVTICV

Smaller brain 
volumes

CHD

Controls

*

*

*
*

Disrupted 
sulcation

* *

NAA / Cho

*
*

Cho / CrIno / Cho

* *
Metabolic 
changes in 
both areas

Masoller et al UOG  2016



HOW CAN NEW MODALITIES OF FETAL MRI 
IMPROVE CLINICAL PRACTICE? 

36 weeks
T2 sections

Cortical tubers

Subependymal nodules

36 weeks
MRS from a brain nodule

 NAA levels . Metabolic pattern similar to TS in the 
adult

TWIN A

TWIN B 

TWIN A 

Hydrocephalus 

Periventricular, intraparenchymal,  
intraventricular hemorrhage

Grade 4 ICH 

MCDA 29 weeks TTTS stage IV

TWIN B

TWIN A

TWIN B

TWIN A

TWIN B 

SUPRAVENTRICULAR ISCHEMIA

DWI



1028/58 

1028/94 

958/77 

1121/65 

815/301 

1010/307 

765/207 

Normal ADC values in 29 w  

Frontal lobe:2200 10-6mm2/s 

Periatrial:     2000 10-6mm2/s 

Cerebellum: 1700 10-6mm2/s

1490/120 

TWIN B SHOWS REDUCED DIFFUSIVITY

FRONTAL

OCCIPITAL

CEREBELLUM GENU AND SPLENIUM 

Thank you very much for your attention  

magdalec@bcm.edu 


