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CNS EMBRYOLOGY & BASICS OF MRI BRAIN <-een Reive 5pBCE
Introduction 00:01:14
& .D &
0°Q\\° — 0(‘{0 ° \09&0
0(\ H & 60
Teopwonzg: | L nutrond
Gestation (weeks) v
Noumion f
Neuronal  Neural migration )
proliferation - ,E T ﬁ_"_
Apoplosis
anbrgologg timeline.
Timeline :
* Neurulotion
* Neuronal proliferation.
* Neural misraf\on.
° rrgelino&ion.
. 55mpkogenesis.
o Apop'msis.
Gastrulation : 00:01:32

* Fonmﬁono?airilamimrembraonicdnsumdoderm,msodemmdecto—
derm.

* Gastrulotion ocCurs in the 3 week,

* Appearance of a. primitive streas initiates gastrulation.

* It also defines the major body axes.

* gostrulation precedes and is eritical for neurulation.

* Celis from the primitive pit travel to the eephalad and form notochord in the

mesoderm,
* Notochord induces formation of a plate of ectodermal cells dorsal\3 inthe

midline : Neural ectoderm, which later develops into a. neural plate.
* gctoderm : Surface ectoderm and neural ectoderm.
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2 Paediatric Neurology

Farmation of primitive streak Gastrulntion {formation of germ leyers)

Naural plate border Neural plate  Ecloderm

(7) Neuroectodormal tissuos dilerentiato from the
actodarm and thicken Into the neural piate, The
nevural plate border saparatas the ecloderm
from the neuwrs! plate.

Tha neural piate bends dorsally, with the two
ands evaniually joining &t the neurs! plate
borders, which are now refarred 1o as the
neural trest.

@mmeolmgmumlmdbconmh
nevral crest from the epikiermis. Neural crest
cslls difierantiate to form mosi of tha paripharal
NAIvoUR sysiem,

-

(@) The notochord deganerates end only persisis as

the nucleua putposus of the intervertebral discs.
Othar mesoderm cells diffarantiate Into the
somites, the precursors of the axial skeleton and
skolotal muscle.

Somites (mesoderm-derived)

Formadion of primitive streak, sas’mddcion g notocord,

Neurulation : 00:10:11
* M d.ag 17, lokeral portions o¥ the neural ploke besin ‘o thicken, %mma neurol
Solds.,
* Controctile elements of neuroepithelial cells cause the neural tube to fold
dorsolly and fuse in the midline.
. Meumhﬁonbegimuhen’chenewal%ldsmeetht’nemidlm.
* Digjunction is the separation oF the closed neural fube $rom the cutaneous
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Embryology & Basics of MRI Brain

ectoderm,

* The antterior neuropore; the regjon that will eventually give rise 1o the brain,

closes approximately by day 8. (# not closed : encephalocele).
* The posterior neuropore, the region thak will give rise to the caudal spinal

column, closes approximately by doy 39. (F not closed : meningomuelocele,

Spina. bifiday).

* Neurol crest cells arise from the neural plate’s loderal edges during the neu-

ral tube formation.

* Some areas of neurvepithelium become incorporated into the surface ecto-

derm ! ectodermal placodes

[ Neurol ectoderm.
Y ¢
Neural tube. | Neural erest cels. | gctodermol
1 l placodes.
e :
system, Cranial sensory ganglio.
Leptomeninges. Hypophysis.
Inner ear.
CNS celis
L Neuronol
. Non neuronal :
* macrogila : Astrocytes, ependgmal cells § oligodendrocy’ces.
. microslia.
microglia. : Mesedermal in origin.
Neuronal cells and macerogfia. : ectodermal in origin.
Leptomeninges : Origin is from surface ectoderm
Duramoder : Mesodermal in origin.
Development of brain 00:14:08

* 8y the time the neural tube is completely closed, it is divisible into an en-
larged cronial part and an elongated caudal part, which later gives rise 1o
the brain and spinal cord, respec{-iveg.

* wWith the closure of the anterior neuropore, three brain vesicles develop.

NEET SS Paedlatrics « v1.0 - Marrow 1.0 » 2023
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4 Paediatric Neurology

* The three subdivisions are prosencephalon, mesencephalon and rhomben-

----- Active spaca -----
cephalon.
* 3 fexures : Cranial (Mesencephalic), cervical Slexures ventrally, and pontine
Sexure dor SQ]\H Flexures of the brain

Telencaphslic Cephalic Pontine  Cervical
floxure flaxure flowure  flaxure

Lataral view  Three- to lour-week
embryo

(@)

Development of brain.

Cross section of neural tube :

* A longftudinal groove (Suleus limitans) divides the neural tube into two parts
or laminae : Alar plate and basal plate.

* Alor plate lies dorsal\g and gives rise
to sensory neurons (SAD).

* Bosal plate lies ventrally and gives rise
fo motor neurons (MaV).

* morginal loyer develops into white
modter.

* mantle \aﬂer develops into grey mod-
ter.

Development of spinal cord

OMARROW
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mesencephalon to midbrain: Active §pace -----

wperior cofiiedus  carstrat aquodict

alar plate ssirohalom bocl
and modinl lomaiseus

basal plate
marginal layer  cuscimbd

. marsiml lager develops into white matter,
* margjnal layer proliferates ventraliy and forms the crus cerebri

metencephalon 1o pons and cerebellum :
. lniherhowbemephabn,thewansﬂﬂqeneumlmbesgagopendorsal\gso
that the roof plate is stretehed and widened,
* The dorsol margin of the alar plate, adjoining the massively expanded rook
plate, is called the rhombic lip.
* The rhombic lip then develops cerebellor plates and, loter; the cerebelium,
¢ The alar plate cells forms the pontine ruclei

Metencephalon

Foof plate
4th ventriclo

Somatic niferent
Spoclal afforory
Ganeral viscoral atteront
Gonoral viscoral utforom

Specks viszora afforers (v and Vil
Sometic offoranl (V)

mgelencephalon to medulla obtongo.m:
Cawdal to that develops into spinal cord,

—alar plate .
—central canal
intermediate plate

basal plate
marginal layer
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6 Paediatric Neurology

_____ Active space -~ Brain stem nuclei orientation : 00:24:04
* Celis in each lamina. (Rlar ond bosoa) organize into longjtudinal columns : Vis-
ceral and somodic.

* Somadic components : Derivatives of ‘somites’ derived from mesoderm
N\sﬁa&edmsdes&limbsmdbodgwal\andmc\%oileﬁrmcmr
movements and tongue are somadic.

* Visceral components lie close 1o the suleus limitans.

* fAnother special column appears between visceral and somatic columns :

Supply derivatives ot pharynoeol arches.

Nuclei derived from each column in
brainstem of adult (Ventral -+Dorsal)

) w ) /
- ..-355?@ :
vV / .‘ g L3
Midbraln = @ 3 g
e . 3 PR
i
Sy [ Pons ® : 'EE
2 *-a\ B ,\ ’ |.| . Qg
N ] n »
i /8 ".?;!/ Maduua‘ I_‘_Jg 5
0. g cblongeta ~ l [} M
. " Suaun bvtars ! i 0 -g §
T~ I ¥ %
e Basal pate | | -] £ z
= bt : ]
g
15 Gonors somatc efisrent % g § = §
19 Spocaal vsceval efferont E &
1 Genern yiceral aferont § 2 Eg
5 Gonera wncaral sferend 3 3z %E \
5 Spacal ol s )z Sﬁi 2% s i

Gonerl somatc atterenl
I Specat somate atferont

OMARROW
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Cranial nerve nuclei derived from various functional columns in the brainstem: Active space -
€secolumn | Sveeomn | GVEcolmn | @VR/SVA column | €SA column | SSA column
) sensory
Oculomotor m;tii' ““’e“si_, ) edinger nuclei o | Vestibular
nucleus ol rve (eStpna (hucleus troctus | trigeminal n. | rudle
motor
Trochlear Lacrirmtorg . Cochlear
l nucleus of I, Chie? clei
faciol nerve
Abducent Nucleus . alivl o&: a. mesen-~
nucleus amb{gm Y cephalic
nferior
Hypogassal safiatory 3, Spinal
nucleus -
Dorsal
nucleus of
vagqus nerve
Major events in human brain development : 00:31:50
major events in human brain development
Gostrulation 3 weeks POG
Primrq_ neurulation 2-4 weeks POG
Prosencephalic development -3 months PO&
Neuronal profiferation 3~4 months POg
Neuronal migradion 2-S months POG
Organisation S months—years postnatally
Myelinadion Birth to years postnatally
Development of cerebral cortex :

* Neuroblosts proliferate in the ventricular 2one § later in the subventricular

2one.

* Then, they migrate towards the marginal layer through radial migrofion.

o Prgjection neurons underso rodial migmﬁon
. \nhibi’cor}j intermeurons undergo ’mnsen’chl m‘xsrachon

* The early-generated neurons $orm the initial cortical plate, and loter-gen-
eraked neurons climb past them to become progressively more superficial.

* This gives on “inside-out” pattern.

* The marginal layer becomes the loter layer | of the cortex.

NEET SS Paediatrics * v1.0 « Marrow 1,0 - 2023
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* The earliest neurons to migrate end up in layer &, and the last to migrate
end up in layer a.

* The b-layered cortex is formed by a4 to a7 weeks.

* Further organization in the form of myelinadion, synaptic maduration, gyri,
sulei formation continues even postnataliy.

Basics of MRI brain 00:36:30

3 major sequences
* M

* Ta

* Ta ALAR.

3 views :
* fxiol
¢ Saﬂi&al.

* Coronal.

Axiol T :
* White matter is white.
* 6rey motter is dork.
* CSFis black.
* &ood for structural malformadions.

Caraus callosum

Ti bright s
* Fat (Muelin). '

* melanin.

* Subacute bleed

' manganese, copper.
* Contrast

* Posterior p‘\fu.itc\rkmlmd. g~

Sdgprachnoid space

Axial Ta: iap sl e
* phite motter is dork. tateratveoviiclg
* Srey modter is \'\sm.
* CSFis white.

Wwa : world War a. .

Water is white in Ta. fciol T4

NEET SS Paediatrics * v1.0 - Marrow 1.0 2023 Page 8/9
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Caudate nuclerhead

Putamen

& Internal
“capsule

, Thghmus
Slobus pallidus 5

Superior colliculus

midbrain

tiedulia
cbiangata

Ividdle cerebellar peduncie

Caudate nuclei head
r e -

Covronal T4 Axiod T4 Slair

fxial TA FLAIR :

* Ta weighted sequence.
* Fluid/CSF : Dark,
* white matter lesions are h'\ahlishl'ed.

NEET 8§ Paediatrics * v1.0 « Marrow 1.0 » 2023 Page 9/9
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CONGENITAL CNS STRUCTURAL ----- Active space -----
MALFORMATIONS PART I

Neural tube defects 00:00:21

Introduction :

* Results from the failure of the neural tube to close sportaneously between
3" and 4™ week of gestation

* Most common congenital anomalies of CNS.

* major NTDs (Neural Tube Defects) include * Spina. bifida. ocCulta, menin-
gocele, wgelomeningoee%e, encephalocele, anencephaly, caudnlfegress‘von
sundrome, dermal sinus, tethered cord, syringomuelia, diastematomyelia, fi-
poma. involving the conus medullaris and/or flum terminale and iniencephaly,

Risk Pactors for NTD:

. nger’cherm‘\a.

* Drugs: Valproic acid, phena’coin.

* malnwtrition.
Low red cell folate levels, chemicals, maternal obesity or diabetes.
Mutadions in folate pothiays.

Risk of recurrence
¢ alfected chid: 3-44,
* 3 offected children : 10%.

Prevention:
* maternal periconceptional use of folic acid supplementadion : Reduces the
incidence of NTOs by of least SO%.
* Should be intiated before conception and continued until ot least the 13"
week of gestation, when neurulotion is complete.
* Dose : 04 mg (4 mg in those with previous pregnancy with NTD).

Screer\ing :
* Failure of dosure of the neural tube allows excretion of fetal substances
Apha-Fetoprotein (AFF) and acetyjeholinesterase into the amniotic Sluid
* Prenotal sereening of materal serum for AFP in the l"-18" week of gesta-

NEET SS Paediatrics * v1.0 - Marrow 1.0 + 2023 Page 1/5
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15 MEDPLUS 91-7850010383

tion : Detect NTO.

Closed spinal cord malformadtions :

Spina. bifida. occulta.

midline fusion defect of posterior vertebrol body with no spinal cord protrusion.
No clinical symptoms or neurological signs.

Occult spinal d.gsmphism :
Clinically signi%can'c closed spinal cord malformadions.

Syringomyelia, diastematomuelia, lipoma, $atty flum, dermal sinus, tethered
cord,

most have cutaneous sﬁgmodm.

Cutaneous Lesions associated with
Occult Spinal Dysraphism

imaging Indicated

Subcutaneous mass or ipoma

Hairy patch

Dermat sinus or cyst

Atyplcal dimples (deep, > 5 mm, > 25 mm from anal verge)

Vascular lesion, 6.9., hemangloma or telanglectasia

Skin appendages or palypold lesions, a.g., skin tags, tail-ike

appendages

Scar-like lesions (aplasia cutis)

Imaging Uncertain

Hyperplomented patchas

Deviation of the ghrteal fold

imaging not Required

- Simple dimples (< § mm, < 25 mm from anal verge)
Skin {'aa, Coccygeal pits

S o <

meninsocele :

* Meninges herniate through a. defect in the posterior vertebral arches/ante-
Yior sacrum,

* Spinal cord : Usually normal in position.

¢ most have intact oved5h5 skin,

* Pokients with leaking CSF or a. thin skin covering should undergo immediote
Sursical treadment to prevent menhsiﬁs.

* CT scon/mR1 of the head is recommended Sor children with o, meningocele
because of the association with hydrocephalus.

myelomeningocele (MMC) :

m/C neural tube delect.
Lumbosagral mapn : 5%

NEET SS Paediatrics * v1.0 * Marrow 1.0 « 2023

Page 2/5



16 MEDPLUS WS

Congenital CNS Structural Matformations rart i

Clinical monifestations :
* Depend on location and associated lesions,
* Flaccid paralysis of the lower limbs, albbsent DTR, loss of touch and pain.,
* High incidence of bwer-extremity deformities : Clubfeet, ankle and/or knee
contractures and subluxation of the hips.
* gowel and bladder incontinence.

Complications :
. Hgdrocepha\us with cerebeliar hemiakion and thin e&onsodced medullo. in 80%
coses : Chiari & malformation (Armold Chiari malformadion).
* Chiari erisis :
Symptoms of brainstem dystunctions in Chiari a.
Feeding diticutty, choking, stridor, apnea, vocal eord paralysis, pooling of se-
cretions and spasticity,

Surgerg :
* mMmMC repoir within 73 hours in case oF CSF leok.
* Followed by hydrocephalus management by ventriculoperitoneal (VP shunt.

most important prognostic foctors :
* Renal comp\ica’cions.
* Tethered cord,

Skull dasraphm :
Cronial meningocele : CSF-Riled soc protruding through skull defect.

Cranial meningoencephalocele :
* fart of the cerebrol cortex or cerebelium or brainstem also olong with the
s
* Occipital region i the most common site.,
meckel &ruber syndrome :
* Autosomal recessive,
* Triad of ocCipital encepholocele, polyeystic Kidney and post-axial polydactyly,

moms s&udg :
* management of myelomeningocele Study,
* Randomized controlled 4rial
* Prenaal repair of MMC vs post natal repair.

NEET 8S Paediatrics ¢ v1.0 « Marrow 1.0 + 2023
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. Pasdiatrics Neurology

* Primary outcome : Deoth or need for VP shunt ot 13 months,
. Stahshcal\a sgnmm results in prenatal repair group.
s’cudg terminated based on the interim results of positive e&‘-ﬂico.cg.

Disorders of forebrain development 00:16:07
Holoprosencephaly :
* Defective formation of the prosencephalon and inadequate induction of
forebrain structures,

* Types : Alobar, semi lobar, lobar and anteiencephalB.

* Facial abnormalities associated with severe cases : Cyclopia, synophthalmia,
cebocephaly, single nostril, choanal adresia, solitary eentral incisor tooth and
premxil\arg agenesis.

* Rssociated with Sonie hedgehoq gene (SHH) mutations.

Holoprosencephaly: degree of severity

90

Normat Lobar Semliobar Alobar

Single midiine ventrice  Semilobar.
: + Alobar,

Septooptic dysplasia.:

Triad oF optic nerve hypoplasio, pituttary ahnormalrhes, and midjine brain

defects (involving septum peliucidum or corpus callosum.

Clinical presentadion :

* Feotures of pituitary hormone abnormalities : Hypoglycemia, microphalius ot
birth, growth failure and other endocrine manifestations throughout child-
hood,

* Nystagmus, midiine craniol defects: cleft lip or palate.

finy child with nystagmus should be evaluated for optic nerve hypoplasia. and
anterior pituitory mﬁ'\ciencg

TWo genes  HESX, SOXa.

Pituitary mx\‘—ﬂucnencg management is erucial.

Agenesis o¥ corpus callosum :
most comon birth defect of CNS after spina bifida.
Development ot corpus callosum : From commissural plate that lies in proxim‘rtg

NEET SS Paediatrics - vi.0 - Marrow 1.0 2023 Page 4/5
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Congenital CNS Structural Malformations Part | 5

to the anterior neuropore.
mel:
* Widely separated Srontal homs with an abonormally high position of the third
ventricle between the loteral ventricles,
* Rocing car in axiol section,
* Viking heimet oppearance in coronal section.
Genetics : Trisomy 8 and I18. 5
Non-genetic factor : Fetal aleohol syndrome.

Poraliel frontal horns Viking helmet sign. o corpus callosum.
oft loteral ventricle.

Aicardi sandrome :
* Triad : Corpus callosum agenesis, chorioretinal lacunae and infantile spasme.
e exc!usi\lelg seen in s‘rls.

NEET SS Paediatrics * v1.0 * Marrow 1.0+ 2023 Page 5/5



19 MEDPLUS 91-7850.

CONGENITAL CNS STRUCTURAL
MALFORMATIONS PARTII

Disorders of cortical development 00:00:14

Development of cortex :
Three layers of neural tube *
* Neuroepithelial cell lauer.
* moantie cell lo.aer
* Margjnal cell loyer.
marginal cell layer loter becomes — Wwhite madter.
mantle cell layer loter become — &rey matter.
In the brain cortex — Cells from neuroepitnelium proliferate and migrate to the
surface —> Grey matter forms the outer surface.

Lisseneephala : :
* Absence of cerebral convolutions and a. poorly formed syivian Rissure, giving
the appearance of a3 - 4 months fetal brain.
* Agyria.: Complete, Pachygyria.: incomplete,
* Cortex is thick,
* Figure of 8 or hour-glass appearance in MRL.
* microcephaly, global developmental delay, epi-
kqx%ydgswoqﬂﬁc?aﬂe&
* 5% associated with miller-Dieker 55mm,
17pi2.2 deletion. MR} Posterior predominant
* LISl gene mutation (PAFAHIGI gene) : Posterior  fssentephaly (AFAHEI gene.
predominant !issencephalg. ' ? :
* DCX gene mutation : Doublecortin (x-linked gene).
Males : Anterior predominant lissencepholy, .
Female relotives : Sub~cortical band heterotopio.
* ARX : XLAG (x-linked lissencephaly with abnormal genitalia).
* Type a lissencephaly/cobblestone lissencephaly : Associated with congenital
muscular dystrophy CMD).

NEET SS Paediatrics « v1.0 + Marrow 1.0 « 2023
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Schizenwphalg d .
Presence of unilateral or bilateral clefts within the cerebral hemispheres.
Closed lip :

* No communication with the ventricles.

* Presents with hemiporesis, good prognosis.

Open fp:

* Communicates with the ventricles.

* Presents with hgdrocephahs or seizures,

mos’dg lined b3 polﬂmicro%m.
Radiclogical difterential :

* Porencepholy — Presence of cysts or cavities with-
in the brain that result from developmental defects or acquired lesions like
infarction or bleed.

* Differentiated by the presence of 9rey matter lining in schizencephaly,

worst prognosis : Bilateral open lip sch‘uzencephalg.

Porencephal5 :
* Presence of custs or cavities within the orain.
* most common site : Perisg\xﬂan region,
* most communicote with ventricles or subarachnoid space.
* pitferentioted from schizencephaly by the fining (Lined by white modtter).

mei: Schizencephalg.

* Risk factors : Hemorrhagie venous infarctions, protein C deficiency and fac-

tor V Leiden mutadions, perinatal alloimmune thrombocytopenia, von Wit
lebrand disease, materal warfarin use, moternol cocaine use, congenital
infections, frauma. such as amniocentesis and maternal abdominal fraumo.

» Famil‘\alporencephalwwm andcounagenes

Neuronal heterotopia.:
Presence of normal tissue in an abnormal location,
Tgpes :
L. Periventricular nodular heterotopia. : Most common.
3. Subcortical and band heterotopio.
3. glioneuronal heterotopia. : Brain warts.
Seizures usml\g the presen{-'.na complaint.
FLNA gene : X-linked, more common in females.

MRl ¢ Subcortical band
hetero’cropia.
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