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Main developmental stages
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Neurulation

Early neural plate folding and neural tube closure.
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From neural stem cell to cortical neurons

Radial glia give rise to major neural cell lineages in the developing cortex.
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Cortical layers and neuronal migration

Radial glia-guided locomotion through transient cortical zones.
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Fetal brain developmental timeline

Major prenatal milestones across trimesters and gestational age.
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Typical cortical development and onset of MCDs

Developmental windows across gestational weeks and corresponding malformation risk periods,
—_— Conception

40 GW

1 Neural tubs closure (4 GW)

T Ventral induction —
T Bwesicles (5 GW)

development
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Radial and tangential neuronal migration

Excitatory neurons migrate radially along radial glia,
whereas inhibitory neurons migrate tangentially from the ganglionic eminence

Pial surface

= Ventricular
surface

} Radial Glia Cell

Migrating
Excitatory Neuron

¢ Migrating

Inhibitory Neuron

——— > Radial Migration
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Sulcation Mi]estone§

Key fetal cortical folding landmarks across gestation.

@_. 16-18 weeks: Sylvian fissure visible

20-22 weeks: Parieto-occipital fissure

24-26 weeks: Central sulcus begins
28 weeks: Secondary sulci appear
32-34 weeks: Complex gyral pattern

Term: Mature cortical appearance
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Prenatal Imaging

Key roles of ultrasound and fetal MRI in evaluating fetal cortical development.
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Ultrasound Fetal MRI
« Assessment of sulcation  Better evaluation of migration
and ventricles and cortical malformations
« Detection of major ¢ Useful in ventriculomegaly
anomalies and suspected syndromes



Common Cortical Malfo‘rmations

Key examples of abnormal cortical development and migration disorders.

i@)—- Lissencephaly — smooth brain

(02 ——= Polymicrogyria — excessive small gyri

(03 ——= Schizencephaly — cerebral clefts

( 04)—' Gray matter heterotopia — failed migration

.05 +——= Focal cortical dysplasia — abnormal organization

______
............



Development Timeline

Timeline of fetal cortical development across gestational weeks.

Timeline of Fetal Cortical Development
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Ultrasound & Neuroimaging Figure 1

Fetal neurosonography: diagnostic toollkit for brain fissure maturation.
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Ultrasound & Neuroimaging Figure 2

Diagnostic gap: routine biometry vs cortical maturation assessment.

EHT BONDRIARHERS EONELE ZHEM TVRE | SVSTEM 3

THE FETAL BRAIN IS DYNAMIC, BUT MIGRATION DISORDERS HIDE IN PLAIN SIGHT

'STANDARD BHIDMETRY | CORTICAL MATURATION
Detects Major Structursl Defects

. Often invizsioke until the 3rd trimestar

PGB HE
THE DIAGNOSTIC GAP
| CLINICAL CONTEXT D Bl THE SOLUTION

#Abnommal neuronal migration occurs during the 3ed or 4th ThE Smlut-u;:rl Tra' !
manth of gestation, but resultant malformaticns (like )
lissencephalyl carry diverse appearances that are rarely
vizible until the third trimester using routine mathods.




Ultrasound & Neuroimaging Figure 3

Study parameters dashboard for standardized fissure assessment.

THE EVIDENCE BASE: STANDARDIZING FISSURE ASSESSMEI’«GIT‘

Study Parameters Dashboard
&= - L

0g0 SAMPLE POPULATION “\ GESTATIONAL TIMELINE
¥&® 130 NORMAL FETUSES k 19 TO 30+6 WEEKS
Strict inclusion: Singleton Measured prospectively at routine
pregnancies, normatly grown, na ' 2nd/3rd trimester scans
structural defects,
& L 3 @
::\\. IMAGING MODALITY TARGET STRUCTURES
ﬁ 20 TRANSABDOMINAL 4 KEY CEREBRAL
¢ ULTRASOUND FISSURES
No specialized 3D eqguipment or Measured in standard biometric
transvaginal probes required planes
& @ &

B Plaltid M
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Ultrasound & Neuroimaging Figure 4

Key fissure landmarks used in fetal brain assessment.

THE FOUR PILLARS OF FETAL BRAIN ASSESSMENT

These four fissures develop at different rates and in distinct anatomical planes. By tracking their depth,
sonographers can objectively estimate brain development without altering the routine scan workflow
or extending exam time.

| S o ——————l I—

INSULA

The foundational central
landmark.

— B

PARIETO-OCCIPITAL
FISSURE (POF)

The posterior/cranial
marker.

SYLVIAN FISSURE (SF)
The |ateral extension.

CALCARINE FISSURE
(CF)

The deep posterior fossa
marker.
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Ultrasound & Neuroimaging Figure 5

PROTOCOL STEP 1: INSULA & SYLVIAN FISSURE (SF)

Obtain Plane: Start at the standard

1 o transventricular axial plane (used for routine
BPD measurement). Ensure the midline is
perfectly equidistant from the calvarium.

2 Locate Landmarks: Identify the cavum septi
e pellucidi, atrium, posterior horns, and choroid
plexus.

Sylvian =

3 Measure Insula: Draw a perpendicular line
g fissure depth —» ’

from the midline to the upper border of the

i i 3 - '
insular cortex (maximum prominence).

4 Measure SF: Continue that exact line from the
~ 8 e insular cortex directly outward to the inner
table of the parietal bone.

19



Transvaginal three-dimensional ultrasound assessment of Sylvian fissures at 18-30

weeks' gestation
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Transvaginal three-dimensional ultrasound assessment of Sylvian fissures at 18-30 weeks' gestation
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TRANSVAGINAL THREE-DIMENSIONAL ULTRASOUND
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PROTOCOL STEP 2: PARIETO-OCCIPITAL FISSURE (POF)

1 1. Obtain Plane:
s Startat the standard BPD axial plane.

Midline

|

| ~ Move the probe cranially, keeping it parallel
pe— to the BPD plane, until the full depth of the

%:E- gil':h . - g fissure appears,

2 2. Adjust Probe:

‘ .

\.'" . | 3. Identify Shape:
3 , ook forthe characteristic triangular shape,
with the apex pointing away from the
: | brain’s midline.
Posteriar ) ﬁnfé;iﬂr G

- 4 4, Measure POF:

4 , Praw aline strictly perpendicular from the
midline, extending precisely to the apex of
the fissure.




PROTOCOL STEP 3: CALCARINE FISSURE (CF)

. ——————
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e

Obtain Plane: Start at the axial
transcerebellar plane (used for
transcerebellar diameter).

Adjust Probe (The 90° Maneuver):
Turn the probe exactly 90 degrees to
obtain a coronal view of the
posterior fossa.

i

Locate Landmarks: Ensure the CF
is completely visualized above the
cerebellum.

]

Measure CF: Draw a line
perpendicular to the tentorium (or
perpendicular to an imaginary line
between the central portions of
adjacent gyri).
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THE DEVELOPMENTAL TIMELINE:
WHEN TO EXPECT VISIBILITY

r il
1

INSULA {100%) f TR & e
SYLVIAN FISSURE (100%) \ POF {100%) J CALCARINE FISSURE ( 100%)
POF (93.3%) . J & ]
L } ‘

WEEK 19 J WEEK 20 WEEK 24 WEEK 30

Transabdominal visualization is heavily dependent on gestational age. Failure to visualize the
CF at week 20 is normal (only 73.3% visible), whereas failure to see the Insula at week 19

is a clinical red flag. By week 24, all four structures must be 100% visible in a healthy fetus.




Maturation trajectories: Insula & Sylvian fissure
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12

bands serve as early indicators of altered development.

Both structures exhibit highly predictable, statistically significant linear growth |
(r = 0.965 and r = 0.911, respectively; P < 0.0001). Depth increases reliably by
roughly ~1mm per week of gestation. Deviations from these narrow percentile

i,

Y,
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MATURATION TRAJECTORIES:
PARIETO-OCCIPITAL ;&. CAL &EM.%H“JE %?”‘f?

PARIETO-OCCIPITAL FISSURE DEPTH || : L wan E FISSURE DEPTH
14 14 -
12 4 12
10 10
o : y E ¥ 12.2mm
L1 miom | o :
£ E (4] i
o [ |2 Al
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o [ i H 3 | o
2 = | 2
0B : . | o () Ja— . : . | . |
1% 20 22 24 20 I8 A0 22 18 20 22 24 2 28 2N a2

SESTATIONAL AGE {WEEKS] | GESTATIONAL AGE (WEEKS)

These posterior/cranial fissures begin visibly shallower but experience explosive, linear growth through the late
second and early third trimesters (P < 0.0007). Because these fissures are virtually non-existent at 19 weeks and grow |
tooover 11 mm by week 30, their rapid expansion offers a Jl.h;] Wy sensilive timeline for tracking normal brain maturation.
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DIAGNOSTIC R

Reproducibility analysis proves robust agreement. Standard 2D ultrasound calipers consistently yield narrow 95%
ardless of whether measurements are repeated by the same operator or a secondary clinician
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CLINICAL APPLICATION: FROM "'”EE SUREMENT TO MANAGEMENT

- : ; ; : , . 1
Fissure depth acts as an early warning system. Mild or localized forms of lissencephaly may lack other obvious
markers. Abnormal fissure development must trigger immediate second-line diagnostic assessments to ensure | |
. proper counseling and management. J ‘
1 A ;
: - ' | Transvaginal
— | Neurpsonography |
U} ﬁ 2. Referral Lo Fetal
Fidaiire ove Neurosonography
Routine 2nd/3rd (‘f Depth vs. ~ Red Flag: | (‘&pt'tm][hl:
¥ % Gestational Age A - ' Potential Migration ™= —— —
Irimester Scan e A : ——
me 4 Nomogram Abnormality ‘ WL _
| | #7% 3. Fetal MRI |
ey Assessment |

-y 5 . i : : 1T % |
Continue — | B ‘ !-:':E'ﬁl_ =
Routine Care ! Karyotyping ‘




THE SONOGRAPHER'’S QUICK-REFERENCE MATRIX

FISSURE DIAGNOSTIC 19:{0)3}3 KEY ANATOMICAL 100% GROWTH RANGE
, BLANE MANEUVER LANDMARKS V%Egﬂf (19W-30W)
() -
e D, & O Bl
Insula | Transventricular | o q0rd BPD Cavum sepit Week 19 14.4mm - 24.5mm
Axial pellucidi, Midline
SF Transver}tricular Standard BPD Insullar coriex, Week 19 5.8mm - 14.5mm
Axial Parietal bone
POF Parallel .Cranial Move cranial Triangular Week 20 0:Smimn — 114
Axial from BPD shape apex
Coronal 90° Turn from Tentorium, 1.6mm (20w)
CE Posterior Fossa Cerebellar Cerebellum Weekot - 12.2mm




Grade and symmetry of normal fetal cortical development:
a longitudinal two- and three-dimensional ultrasound study

J < =\
l' Grade Definition & diagram Example
| 0 None visible _
1 Earliest changes (shallow
indentation or echogenic dot)
e . _ - OF ®
2, Broad V (width = depth)
/\ or H
3 Y or narrow V (depth > width)
I —
4 I- or J-shaped
[ 5
5 Branched

B |




a longitudinal two- and

Example

S B O
Grade Definition & diagram
| Shallow indentation
-"-.-___---".-
) Obtuse angular shape
VAR R N
3 Acute angles, < 50% operculization
4 > 50% operculization
T
|| | X B
5 Complete operculization

T

Grade and symmetry of normal fetal cortical de\;el(;pment:
three-dimensional ultrasound study

="

S =

Ultrasound in Obstet & Gyne, Volume: 36, Issue: 6, Pages: 700-708, First published: 24 November 2010, DOI: (10.1002/u0g.7705)
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Grade and symmetry of normal fetal cortical development:
a longitudinal two- and three-dimensional ultrasound study

&
" Grade Definition & diagram
None visible
0
1 Shallow undulation
/_\
) Gyral width > depth
AT SASE EACTS.
3 Gyral width = depth
H__—4 .__Gyraldepth>width___ o =
5 Branched gyri-/ sulci
R f




Grade and symmetry of normal fetal cortical development:
a longitudinal two- and three-dimensional ultrasound study

Plane, description, evaluation

1) Axial plane cephalad to the transventricular plane
Parieto-occipital fissure
Central sulcus
Frontal area
Parietal area

2) Axial transthalamic plane :
Sylvian fissure S S e S -

Superior temporal fissure R ?_S,YI"ia-“‘f J{"'":- te‘;‘iﬁ;’,‘;‘]

Frontal area

Temporal area

3) Coronal transcaudate and transthalamic plane
Cingulate sulcus
Mesial area

4) Coronal transcerebellar plane
Calcarine sulcus
Occipital area

5) Parasagittal oblique plane
Central sulcus
Frontal area
Parietal area

Ultrasound in Obstet & Gyne, Volume: 36, Issue;: 6, Pages: 700-708, First published: 24 November 2010, DOI: (10.1002/uog.7705)
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Grade and symmetry of normal fetal cortical development:
a longitudinal two- and three-dimensional ultrasound study

Ultrasound in Obstet & Gyne. Volume: 36, Issue: 6, Pages: 700-708, First published: 24 November 2010, DO (10.1002/ucg.7705)
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Grade and symmetry of normal fetal cortical development

———C Longitudinal 2D and 3D ultrasound study >=———

Sylvian sulcus Superior temporal Frontal Occipital
Sir 2T Sr ar
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o 3 b v 3 o 3 u 3
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1k 1} 1 1k
0 1 1 1 1 1 0 1 1 1 1 1 0 1 1 | 1 0 1 1 1 1 1
20 25 30 35 40 20 25 30 35 40 20 25 30 35 40 20 25 30 35 40
Gestational age (weeks) Gestational age (weeks) Gestational age (weeks) Gestational age (weeks)
Parieto-occipital Central Parietal Mesial
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4 3 3= R A 3k
5 2t &t 52t S 2t
1t 1+ 1 ’- 1+
0 1 1 1 1 1 0 L 1 1 I. 0 1 0 1 ] 1 1 1
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Gestational age (weeks) Gestational age (weeks) Gestational age (weeks) Gestational age (weeks)
Calcarine Cingulate Temporal
S 2= S5r
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2 3r 2 3r | 3r
S a2t S 2} 5 2f
1}~ Ll L
0 L i i 1 1 0Lt 1 1 L 1 0 L 1 1
20 25 30 35 40 20 25 30 35 40 20 25 30 35 40
Gestational age (weeks) Gestational age (weeks) Gestational age (weeks)

Ultrasound in Obstet & Gyne, Volume: 36, Issue: 6, Pages:

700-708, First published: 24 November 2010, DOI: (10.1002/u0g.7705)

37




-

2 A
Grade and symmetry of normal fetal cortical development
Longitudinal 2D and 3D ultrasound study

First published: 24 November 2010, DOIL: (10.1002/u0g.7705) 38

S e P

Ultrasound in Obstet & Gyne, Volume: 36, Issue: 6, Pages: 700-708, QB




Grade and symmetry of normal fetal cortical development: a longitudinal
two- and three-dimensional ultrasound study

==

40

35 |
=y [ ] Grade1
o 30 |
£ [ Grade 2
E 25 |
2 [ ] Grade3
o 20 I
o
X 15
=
§ 10
[

0 | [ |_| - —

21- 23- 25- 27— 29- 31- 33- 35- 37- 39-

22 pL 26 28 30 32 34 36 38 40

Gestational age (weeks)

Ultrasound in Obstet & Gyne, Volume: 36, Issue: 6, Pages: 700-708, First published: 24 November 2010, DOI: (10.1002/uog.7705)
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Key Take-Home Messages

589 é} \ Normal sulcation follows predictable ,

gestational milestones

Sylvian fissure maturation is chnlcally
important -

MRI improves evaluation of cortical
malformations

l Serial neurosonography increases diagnostic B

confidence

o )
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