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CNS EMBRYOLOGY & BASICS OF MRI BRAIN

Embryology 00:00:22
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Embrgo\ogg timeline
Timeline :

*  Neuruloion.

* Neuronal proliferation.

* Newl misra’c'\on.

. mael'\nodfion.

° Sgnap’cogenesis.

* Apoptosis.

Gastrulation :
*  Formadion of o trilaminayr embryonic dise : endoderm, mesoderm and ectoderm.
* gastrulation occurs in the 3™ week.
* Appearance of a primitive streak :
- Initiotes sas’crulodfion.
- Defines the major body axes.
* &astrulotion precedes and is critical for neurulodion.
* Celis from the primitive pit travel to the cephalad and form notochord in the
mesoderm (Induction).
* Notochord induces $ormation of o plate of ectodermal cells dorsally in the
midline : Neural ectoderm, which loter develops into o neural plote.
* ectoderm : Surface ectoderm and neural ectoderm.
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Basics of Paediatric Neurology

- Cardiogenic area

\/ *Cloacal membrane

Formodion of primitive streak

Neural plate border Neural plate

Mesoderm
O Notochord
Convergence - %

Neural crest

Neural crest cells
{form components,
of the PNS)

Notochord
(mesoderm-derived)

Spinal ganglion

Somites (mesoderm-derived)

Formadion of primitive streak, gastrulation § notocord

Neurulotion :

* At doy I, lateral portions of the neural plate begin 4o thicken forming neural folds.
* Contractile elements of neuroepithelial cells couse the neural tube to fold

dorsod\5 and fusge in the midline.

Hypobiast being

digplaced laterally

Amnioblasts Primitive
streak
Intraembryonic ;
mesoderm Epiblast

Endoderm

Gostruloadion : Formadion of germ \agers

@ Neurosctodermal tissues differentiate from the

ectoderm and thicken into the neural plate. The
neural plate border separates the ectoderm
from the neural plate.

@ The neural plate bends dorsally, with the two

ends eventually joining at the neural plate
borders, which are now referred to as the
neural crest.

@ The closure of the neural tube disconnects the

neural crest from the epidermis. Neural crest
cells differentiate to form most of the peripheral
nervous system.

@ The notochord degenerates and only persists as

the nucleus pulposus of the intervertebral discs.
Other mesoderm cells ditferentiate into the
somites, the precursors of the axial skeleton and
skeletal muscie,

* Neurulation begins when the neural folds meet in the midline.

* Digjunction is the separaion of the closed neural tube from the cutaneous

eckoderm.
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CNS Embryology & Basics of MRI Brain - 3

* Anterior neuropore : eventually forms the brain, closes approximotely by day
3. (% not closed : encephalocele).

* Posterior neuropore : eventually forms the caudal spinal column, closes
opproximately by day a9 (F not closed : meningomyelocele, Spina. bifido.

* Neural erest cells : Arise from the neural plate’s loteral edges during the
neural tube formodtion.

* Some areas of neuroepithelium become incorporated into the surface
ectoderm : ectodermal placodes.

Neural ectoderm
Y ‘l
I Neural crest cells | gctodermal
plcmodes
Y Jr
* Peripheral * Cranial sensory gangfia.
nenvous sgstem . H}jpophgsis_
. Lep’comeninges * Inner ear
CAS cells :
* Neuwronal.

* Non neuronal :
- Magerogjla. : Astrocytes, ependymal cells § oligodendrocytes.
- m‘\croglia.
microglia. * Mesodermal in origin.
Neuronal cells and macrosha : ectodermal in origin.
Leptomeninges : Origin is $rom surface ectoderm.
Duramater : mesodermal in origin.

Development of brain 00:14:08

Overview :

Fol\ow'mg complete closure of neural tube — Divisible into an enlourged cranial
part and an elongated coudal part, which loter gjives rise 1o the brain and spinal
cord, respecﬁ\/elg.

Brain vesicles :
* With the closure of the anterior neuropore, three brain vesicles develop.
* The three subdivisions are prosencephalon, mesencephalon and
rhombencephalon.
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4 - Basics of Paediatric Neurology

2 flexures of the brain :
. Cronial (mesencephodic) 2, Pontine Slexure dorsod\g.
a. Cervical flexures \/en’crod\g

Telencephalic Cephalic Pontine Cervical
flexure flexure flexure  flexure

Telencephalon Mesencephalon Myelencephaion

Diencephalon Metencephalon Spinal cord

Flexures of the brain

Five secondary
brain vesicles

- Telencephaion
Prosencephalon ---<
{Forebrain) Diencephalon

Mesencephalon < Mesencephalon
{Midbrain})

Metencephalon
Rhombencephalon —<
{Hindbrain} Myelencephalon

Lateral view Three- to four-week Five-week Lateral view
embryo embryo

(a) )

Medulla oblongata

Development of brain

Cross section of neural tube :
* A longitudinal groove (Guleus
limitons) divides the neural tube
into two parts or laminae : Alor

Dorsal

Alar plate

p\a’ce ond basal plodce.

intermediate

* Alr plote lies dorsally and gives : S b
rise to sensory neurons (epD). ‘ Suicus

limitans

* Bosal plate lies
Basal plate

\/en’cml\g ond gjives rise to motor

neurons (Mav).

* marginal layer develops into white
motter. Development of spinal cord

°* mantle lager de\/eloPs into arey modtter.
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CNS Embryology & Basics of MRI Brain |

mesencephalon to midbrain: Active space ——---

— alar plate
— central canal
= intermediate plate

basal plate
marginal layer  cuscerebd

Mantle layer

o marg'\nod lager - White modtter,
* mMarginal lager : Proliferotes Vervtml\g —> Forms crus cerebri.

metencephalon to pons and cerebelium :
* Inthe rhombencephalon, the walls of the neural tube splay open dorsally —
Roof plate is stretched and widened.
* Rhombic lip : Dorsal margin of the alar plote, adjoining the massively
expanded roof plote.
* The rhombic lip — Cerebellar plates and loter the cerebellum.
* The alar plote cells — Pontine nuclei.

e ig fayer

Rhombic lip

Pontine nuclei

metencephalon
m5elencephadon ‘o medulla oblongad:a:

— alar plate
— central canal
intermediate plate

basal plate
marginal layer
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Basics of Paediatric Neurology

Active space ----- Brain stem nuclei 00:24:04

nrrangemenk g

* celis in each lamina. (Rlar and basad organize into longitudinal colunins :
Visceral and somadic.

* Somatic components : Derivatives of ‘comites’ derived from mesoderm.

* Al strioted muscles of limbs and body wall oand. muscles of extraoculor
movements and tongue are somadic.

* Visceral components lie close to the suleus limitans.,

* Another special column appears between visceral and somadic columns
Supply derivokives ot pharyngeal arches.

Dorsat % | [ g 5
e - | 9| 19| & ©
aVaiImE 1l 3
\ \ J L® o« 5 @
Alar plate \‘ / . >
-’\( } 3 ()
Sulcus ! .
limitans
Mantie layer
Basal plate |
Marginal layer i
3
Ventral |
‘ ; p—y —
| 7
[ | { 3 %
/ ! R 8
Dorsal ] o 2
i = | % 9 L'r‘J
i [
} 3 @
! 3
| 10 g z
} | 5 £ £
{ = =
é N EE, 3 £
! 3 | @ § §
% |8 | & g o
2 2 | ]
2 3o 2%
Sulcus limitans 3 &2 8=
z (4% 28

Eoeg nRte Nuceli derived $rom each column in brainstem of adult

Ventral (ventral to dO\'SQD

B General somatic efferent
B Special visceral efferent
B General visceral efferent
Bl General visceral afferent
B Special visceral afferent
' General somatic afferent

P Special somatic afferent

Arrangement of nuclel in the
brainstem of embr}jo
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CNS Embryology & Basics of MRI Brain - 7

Cranial nerve nuclei derived $rom various functional columns in the brainstem :

Major events in human brain development

&SE colurnn SVE column &VE column ava/svAcoumn | eSAcorn | S84 column
Oculomotor motor nucleus adinger—wes’cphal Nucleus of Sensory nuclei of | vestibular
nucleus of trigeminal nerve nucleus sc\i’courﬂ ‘roct trigeminal nerve nuclei

(Nucleus tractus
solitariug)
Trochlear motor Laerimodory nucleus - . Chiet Cochlear
nucleus nucleus ot facial nuclei
nerve
Abducent Nucleus Superior sa]ivo&onﬂ - a. mesencephalic -
nucleus ambiguus nucleus
Hypoglossal = Inferior salivotory = 3. Spinal =
nucleus nucleus
- - Dorsal nucleus of - - -
Vogus nerve
00:31:50

Gostruladion
Primary neurulation 34 weeks POG
Prosencephalic development a—3 months POG
Neuronal proliferation 3—4 months PO&
Neuronal migroion 3—~S months POG
Organisadion S months—years postnadally
mMuyelinadion Birth o years postnodally

Development of cerebral cortex :

Neuroblasts proliferate in the ventricular zone § later in the subventricular
2one — F/b migration towards the marginal loyer through radial migration.
Projection neurons underso rodial migradion.

\nhibi’coqj interneurons undergo tangential migrodion.

The early generated neurons form the initial cortical plate and later generated
neurons climb past them to become progressively more superficial — Inside
out pottem.

The marginal layer — Layer | of the cortex.

The earliest neurons 4o migrod:e — Layer o

Last to migrake neurons — Layer a.

b layered cortex : Formed b}j a4 to a7 weeks.

Further organization in the form of myelination, synaptic maturation, ayry
sulei formadion continues even postnatally.
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Basics of Paediatric Neurology

Basics of MRI brgip B

3 major sequences :
* T
* Ta

3 views :
* pPxiol
. Sagi’c’cal.

Axial T1:
* Wwhite moadter is white.
* Grey modter is dark.
®* (CSF i block.

¢ good for structural molformodions.

T br‘\gh’ﬁ

* Fox (Myelin).

* melanin.

* Subocute bleed

* Manganese, copper.

* Contrast

* Posterior pituitary S\cmd,

Axiol T :
* Wwhite motter i dark.
* Grey maotter is l‘\Sh’c.
* (CSF is white.
worid War & : Waoker white on Ta

-~ Caudate nuclei head

Putamen

% internal
capsule

Thalamus
Globus pallidus

Bosol Scmglia

00:36:30

* Ta FLAR.

s Care !
COY OO,

Anterior

Corpus callosum

Posterior

F i

subarachnoid space

Beep white matter

Lateral ventriclg

Axiol TA

Sugierior colliculus

midbroin
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CNS Embryology & Basics of MRI Brain . 9

beflar peduncle

wy

. ’7@_\_-

Intem@l capsule

Coronal T4 pxial Ta Slair

Axial TA FLAIR :
* Ta weighted sequence.
* Fluid/CSF : Dark.
* White matter lesions are highlighted.
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----- Active space -----

CONGENITAL CNS STRUCTURAL
MALFORMATIONS : PART |

Neural tube defects 00:00:21

Introduction :

Results from the failure of the neural tube to close spontaneously between
3™ and 4™ week of gestodion.

m/c congenital anomalies of CAS.

Major NTDs (Neural Tube Defects) include : Spina. bifida. occutto, meningocele,
mgelomeningocele, encephalocele, anencephodﬂ, coudal regression
sgndrome, dermal sinus, tethered cord, swingomgeha, diastemodomyelia,
lipoma. involving the conus medullaris ond/or flum terminale and iniencepholy,

Rick foctors for NTD ¢

mModernal h}jper’chermio\.

Drugs : Valproic acid, phenﬂ’co‘m.

mMalnutrition.

Low red cell folate levels, chemicals, matemal obesity or diabetes.
Genetic determinants : Mutations in folote pothways.

Rigk of recurrence :

pifected child : 2-4%.
a offected children : 10%.

Prevention :

mMakernal periconceptional use of folic acid supplementadion : Reduces the
incidence of NTDs by ot least SO%.

Initiated before conception and continued until ok least the 13" week ot
gestadion, when neurulodion is complete.

Dose * 0.4 Mg (4 mg in those with previous pregnancy with NTD).

Screen'ms 3

Failure of closure of the neural tube allows exeretion of fetol substances :
Alpha—fetoprotein (BFP) and acetyicholinesterase into the amniotic fuid.
Prenatal sereening of maternal serum for AFP in the 17-18™ week of
gestadion : Detect NTD.
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Congenital CNS Structural Malformations : Part | - 11

Closed spinal cord malformations: Activolcpace s
Spina. bifida. occulto :

* midline fusion defect of posterior vertebral body with no spinal cord protrusion.

* No dlinical S3mp‘toms or neurologjical signs,

Occult spinal dysraphism
* Clinically significant closed spinal cord malformations.
* Syringomyelia, diastematomyelio, lipoma, ¥a’c’c3 flum, dermal sinus, tethered
cord,
* most have cutaneous stigmodo.

Imaging indicated
Subcutaneous mass or fipoma
Hairy patch
Dermat sinus or cyst
Atypical dimples {deep, > 5 mm, > 25 mm from anal verge)
Vascular lesion, e.g., hemangioma or telangiectasia
$kin appendages or polypoid lesions, e.g., skin tags. tail-ike
appendages
Scar-like lesions (aplasia cutis)
imaging Uncertain
Hyperpigmented patches
Deviation of the gluteal fold
imaging not Regquired
Simple dirmples (< 5 mm, < 25 mm from anal verge)

Skin '\7&5 Hair padeh Cutaneous lesions associoked

with Occult Spinal Dgsmphism

men'msocele g

* meninges hermiote through a. defect in the posterior vertebrol orches/
anterior sacrum.

* Spinal cord : LASual\g normal in position.

* most have intact O\Ierl_ﬂ'ms skin.

* fPatients with leaking CSF or o. thin sKin covering should undergo immnediote
surgical treatment to prevent mening'\’ds.

* CT scan/mRi of the head : Recommended for children with o meningocele
becouse of the association with hydrocephalus.

myelomeningocele e :

* m/C neural tube defect.
* m/C locotion : Lumbosocrol region (1s%).
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12 - Basics of Paediatric Neurology

Clinical manifestations :
* Depend on locadion and associoted lesions.
* Flaccid paralysis of the lower limbs, absent DTRS, loss of touch and pain.
* High incidence of lower extremity deformities : Clubfeet, ankle and/or knee
contractures and subluxation of the hips.
* powel and bladder incontinence.
Complicadions
* Hydrocephalus with cerebellar hemiation and thin elongoted medulla. in 80%
coses @ Chiari & malformation/Arnold Chiori malformadion.
* Chiari erisis
- Symptoms of brainstem dgs-?—uncﬂons in Chiori &
- Feeding d‘\%icul’cg, choking, stridor, apnoea, vocal cord paralysis, pooling
of secretions and spasticity,

surgery:
* MMC repair within 78 hours in cose ot CSF leak.
* Followed by hydrocephalus management by ventriculoperitoneal vP) shunt.

Most important prognostic Lactors :
®* Renal comphco@cions.
* Tethered cord.

Skull dgsmph‘\Sms :
Cranial meningocele : CcsF-filled sac protruding through skull defect.

Cranial meningoencephalocele :
* Poart of the cerebral cortex or cerebellum or brainstem also along with the
sac.
* Occipital region : M/C site.

mMeckel aruber 35ndrome :

* Autosomal recessive.
* Triad of ocCipital encepholocele, polyeystic Hidr\eg ond post-axial polgdac’rglﬂ.
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Congenital CNS Structural Malformations : Part | - 13

moms s&udﬁ g

mManagement of myelomeningocele study :
* Rondomized controlied trial assessing prenodal repair of MMC Vs post nadal repair.
* Primary outcome : Death or need for VP shunt ot 18 months.
* Statistically significant results in prenatal repair oroup.
* Study terminated based on the interim results of positive e?—‘}'\cacg.

Disorders of forebrain development 00:16:07

Holoprosencephalﬂ
Defective formation of the prosencephalon and inadequode induction of

forebrain structures.

* Types : Alobax, semi lobay; lobar and sgnte\encephalg.

* Focial abnormalities associated with severe cases : Cyclopia, synophthalmia,
cebocephodg, single nostril, choanal adresia, solitary central incisor tooth and
premaxil\ou@ agenesis.

* Associoted with sonic hedgehog gene (SHH) mutodions.

S
v oad

Normal Lobar Semilobar Alobar
Holoprosencephaly : Degree o% severity

Single midline
ventricle : Rlobar
Septooptic dasplasia :

Triod of :
Optic nerve hﬂpoplasia,
* P'ﬂ,ui’mrg abnormalities.
* midiine brain defects (involving septum pellucidum or corpus callosum.

Clinical presentadion
* Feotures of pﬂu‘u’mrg hormone abnormalities : Hypoglycemia, microphallus ok
birth, growth failure and other endocrine manifestodions throughout
childhood.
- Pituitary \nsx@-‘{-ic'\encg management is erucial.
* Nystagmus, midiine cranial defects : Clet lip or palate.
=~ Any child with nystagmus should be evaluated for optic nerve
hypoplasia. and anterior pituitary insufticiency

Paediatric Neurology * v1.0 - Marrow SS Paediatrics
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14 - Basics of Paediatric Neurology

Associoted genes :
® Hesxl.
®* SOXA.

Agenesis of corpus callosum :

M/C birth defect of CNIS after spina. bifida.

Development of corpus callosum : From commissural plate thot lies in proximity to
the anterior neuropore.

mei:
* Widely separoted frontal horns with an abnormally high position of the third
ventricle between the loteral ventricles.
* Raogcing car in oxial section.
* Viking helmet appearance in coronal section.

Axial view : Parallel frontal  Cross—section : Viking Sagjttal view : No
hotrns of laderal ventricle helmet sign corpus callosum

8%\0\035 :
* genetic: Ty 1$om5 8 and 18.
S Mon—gene’c\c factor : Fetal aleohol 35ndrome.

Aicoxrdi s5ndrome :

* Triad: Corpus callosum agenesis, chorioretinal lacunae and infantile spasms.
* &xc\usi\/eB seen in girls.
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