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CNS EMBRYOLOGY & BASICS OF MRI BRAIN At space
Introduction o
#i pupiye Tf W
T e
Rouronal  Neural mgraten |
pfolﬂera!son. E Thvel
Symaptogeness
- .
embryplog tmere.
Timeline :
* peurudation
* Neuronal proliferation.
* Neura! migration
* myelination.
" Syoptogenesi
" fpoptoss.
Gastrulation : prr

. Fonm&imo@atrhwkwrenkgmbdisua\dodem,mdemmde&o—
derm.

* Gastrulation cecurs in the 3™ week,

* fppeararce of a primitive streak initiates gastrulation,

* 1 also defines the major body axes.

* Gostrulation precedes and i eritical for neurulation.

* Cells from the primitive pit travel to the cephalad and form notochord in the
mesoderm.

. mmmﬂamﬁmmmgnw
midline ¢ Newral ectoderm, which later develops into a. neural plate.

* getoderm : Surface ectoderm and neural ectoderm
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Formation of primdive sirean,gns{ruhtbnim'mwd

Neurulation :

00:10:11
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* Contractie elements of neuroepithelial cells cause the neural tube to fold

* Digjunction is the separaion of the closed neural tube From the cutaneous
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Embryology & Basics of MR Brain - )

ectoderm.

* The anterior neuropore, the region that will eventually give rise to the bran,
closes approximatel) by day ab. (F not cosed : encephaloceie).

N Tmmmm&emsmmm\swersefnhmuddw
colum», closes approsimately by day a9. (F not clased : menngomyelocele,
Spina. bifida).

* Neurol crest celis arise from the neural plate's lateral edges during the neu-
ral fube formation

* Some areas of neurcepithelium become incorporated into the surface ecto-
derm : Ectodermal placodes.

‘ neural ectoderm
' ' :
wewral tube, | | Neural crest celis. | ectodermol
l placodes
| i nervous
Cas = i
Lopharruniget Hypophyse.
Inner eor.
CNS cells
. Neuronal
& Non neuronal ¢
* magrogia. : Astrocytes, ependymal cells § oligodendrocuytes.
* microgfie.
microglia. : Mesodermal in origin.
Neuronal cells and macroglial ¥ e&federivil in orign
Leptomeninges : Origin & from surface ectoderm.
Duramater : mesodermal in orign.
Development of brain _  00:408

. sgﬁet‘mehemultuheiswnpletegdosed,it is divisible into an en~
hrgedu'nniolportandmeloradedmudalpaﬂ,uﬁchh&ersmme{o
ﬂwebmhandsp&u!cord,respechveg

* uyth the closure of the anterior neuropore, three brain vesicles develop.
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™~ 4 - Pasdiatric Neurology
* The three subdivisions aré ;xnsencégulon, mesencephalon and rhomben-

i .
* 3 Sexures ! Cranial (mesencephalic), cervical Slexures ventrally, and pontine

Cross section of neural tube :

. AWQMMSMWWMMWNWMWM
or laminae : Rlar plade and basal plofe. i s

* plar plate lies dorsally and gives rise
iosensorgnamm(s@.

¢ Basalpldeliesvmﬂgmdswesrise
to motor neurons (Mawv),

* marginal layer develops into white
matler.

* mantie layer develops into grey mat-

ter.
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Embryology & Basics of MRI Brain - 5

. ﬂwsknlhﬂerde\elopsmm&emaﬂen
. mgmwmw«mmdgmmm crus cerebri

metencephalon to pons and cerebellum :

* I 4he rhombencephalon, the walls of the neural tube splay open dorsally so
that the roof piate is stretched and widened.

* The dorsal margin of the alar plote, adjoining the massively expanded root
plate, is calied the rhombic lg.

* The rhombic I then develops cerebellar plates and), later, the cerebelium.

* The olar plate cells Sorms the pontine nuclet

Mctencephaion

fovare o wa v |

Seed sheyitd

Whmﬂho&a\ym:

Coudal 4o thot develops into spinal cord.

- alar plate
- central canal
inlermediate piate

basai plate
marginal layer

AR
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Active space - Brain stem nutlel orientation : 00:24:04
. Cel\sheachhmfnhrmdbdsaborgmzem ttudina)
: columng : vig-
cerl and somatice. lﬂ‘g
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s Nuclel derived from each column in

brainstem of adult (Ventral ~Dorsal)
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Major events in human brain development : 00:31:50

Gostrulation 3 weeks POR
Primary neurulodon 3~4 weeks PO{
Prosencephalic development 3-3 months PO&
Neuronal maration 3~5 months PO&
Organsadon | S months—years postnatal
myelinadion |_®irth to years postnatally
Development of cerebral cortex:

* Neuroblasts proliferate in the ventricular 2one { later in the subventriculor
20ne.

s Thm,ﬁwegnigrde{amrdshamrawhaerhwahmdm"ﬁgm&m

. ﬁgadmwumwwgomwmga&m

. mhtwgmeﬂmmsowmmgo&m

* The eariy-generated neurons form the initiol cortical plate, and later-gen-

erated neurons climb past them to become progressively more superfciol.

Wsﬁmmwm
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Pasdiatric Neulogy

* The earliest neurons fo migrate end up in layer &, and the last to migrate

enduphhgera.

. T‘neh»laﬂemdc«‘tazshrmedbgaﬂnmweexs.
¢ Further organization in the form of muyelination, synaptic maturation, qur,

Basics of MRI brain

3 major sequences :

*T
* T4
* Tad AR

3vieur :
¢ ol
.&a'*m
* Coronal

Rcial T1:

* uhite matier B wihte,
’ &regrmﬁer‘sm

* CSFis black,

* &ood For structural malformadions.

T brish! i

* melanin

¢ Subacute bleed
* Manganese, copper.

¢ Contrast

Adal TA:

* white matier s dark
¢ €rey matter is ight.

* CSFis white.

wWiod ¢ wWorld uar &,
water is uhite in T3

NEEY 5SS Pasdiatnics » v1.0 » Mamow 1.0 < 2023
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Embryology & Basics of MRI Brain - 9

Jobs paladgy

Coronal T3 fxial T2 Qo

fdal TARLAIR :

* T3 weghted sequence.

* Fud/CSF : Dark

* white matter lesions are hihiighted

REET 85 Papdiatngs « vi.0 + Mamow 1.0 - 2023
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CONGENITAL CNS STRUCTURAL
MALFORMATIONS PART |

Neural tube defects 000021

Infroduction :

* Results from the failure of the neural tube to elne “portanesusiy betusen
3 and 4™ weekK of gestation

* most common congenital anomalies of C5.,

* Major NTDs (Neural Tube Defects) include ¢ Spina. bifida. occulta, mena-
gocele, myelomeningocele, encepholocele, anencephaly, coudol regression
syndrome, dermal sinus, tethered cord, suringomuelia, diasiematomyelia, -
poma. invoiving the conus medullars and/or Sium terminale and iniencephaly,

Risk factors for NTD:

* Hyperthermia.

" Orugs  Valproie acid, phensgioin

* malnutrition.

g wwmdoeﬂ?oto&emmmls,mﬁemdobes&g«dhbetes.
. M{Mhmepnﬁungs.

Rk of recurrence :
* pflected chid: 3-4%.
* 2 aflected children : i0%.

Prevention :

* maternal periconceptional use of folic acid supplementation : Reduces the
Mdamaﬂmnsbgo&!easﬁdl.

* Should be initiated before conception and continued untl ot least the 13"
weex, of gestation, when neurulation i complete,

* Dose t 04 mg (4 mg in those with previous pregnancy with NTO).

S«Mng:
* Failure of clozure of the neural tube allous excreton of fetal substances :

Fipha-tetoproten (AFP) and acetykholnesterase into the amniote Suid,
. ﬁa@dwmwrm“mﬂmhmnﬁeﬁ“mwwgm

NEET &5 Pasiatnes + v O« Mantow ¥ 0 - 2023 10
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Actve space tion 1 Detect NTD.

-
&

Closed spinal cord malformations :
spra biflda occulta ¢
midine fusion deflect of posterior vertebral hody with ro spinal cord protrusion.

mthmewaogwsgﬁ

Occult spinal dysraphism :
cxﬂwgsagﬁ%w\tdosedspi\dc«dmm
SgWh,dwm«gdh,lmhﬂgwwndermMmed
cord

Cutancous Losiona ssnes ateed ot

most have cutaneous stigmata. Occudl Spinal Dynsagheess

Imaging lndcated

Subndaramss mas of fport

Hairy pasch

Dermual srus o oy

Atypicat Geripies idesd, » § o, > 25 e om anyl vege)
Vissoulsr ies0n, 0 9. hemangoms o elanpeiavd

Sl appenduges o polypoid issers. & g , 1hin tage, tab S
SpperviagE

oo lemons (301050 G

Imageng Uncorisn

Hyparpigmaiead patchie

Duviation of tw ghtsal kid

msgrng rot Requared

Ginpie @implas (o § MM, < 25 nen Fom @ vegs)
Cowigraps

men'msoede:

* meninges hemiate through a. defect in the posterior vertebral arches/ante-
07 Sacrum

. sPi'nleordmsunl\gnmmlhposikm

¢ most have intact overlying skin

’ mmmwscssaawwm@mmmm&m
sursica!irmnen’ciopuw\'cm\g&'&

« CT scan/mR! of the head is recommended for children with a meninqocele
because of the association with hydrocephalus.

maelanenhgocch(lrmﬁ:

m/C neural tube delect,
Lumbosacral region : 5%
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Congerea ONS St Matorators Part -

mn:imb:a!wmdmmm
%ﬂm&%wmweﬁao& 2k bz ard par,

v %mmawwm r Ciubieet, arvie and/o vree
m*mmwawm

* aoae and badder roonirerce.

Cmm&m=
mmuz‘wmwm&m amﬁ-rmedwarm
Cases ¢ %ﬂnmgmwﬁnf%w;.

¢ Chariersss
&mrsc»hrm's&anms%mrc&nﬂa.
méﬁmﬁums&mame&madm%m'-w

MWM
Su.rgayz

* mINC repar within =3 hours n case oF CSF feak

i mﬁgmmmaaﬁ“bgmm&‘}mﬁ

* Qenal comgiicadions.
* Tethered cord

Slmltd_papm:

Cranial meninacendechalocele
* fart of the cerebral cortex or cerebelum or brainstem alss along usth the

sas
s Mr@hﬂ%ﬁe&ms&a
* fAutosomal recessive.

* Trad of occipal encephaloosie, polutuste hney and post-axal poludachidy

MltSstndJ:
. W@ws&q
* Randomized controdled trat
* Prenatal repar oF MM W post natal regar.
SEST SS FaacEs vt . Ve T 0 - XTB
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¢ Primary ouleome ! peoth o need Vor v dunt o8 13 tevethe.,

* statistically agmﬂcmt recults n (mmox repor grouq,
¢ smdg {erminated based on the interm retults oF pordeis efSvary,

Disorders of forebrain development 18,07

Holoprosencephaly :
« pelective Tormation of the prosencepialn ond wodeyinte edin s

Sorebrain structures.

* Types! fiobar, semi lobor, lohor mwmmemq

o Focial abnormalities associated with severe cosas C\fbpva, ajmpmhoma,
cebocephaly, sngle nostrd, choarul ofresia, wlitery central incior tooth orvd
premaxifiosy ogenesis.

. Medwﬂhmkedaemgm@w rrustodions.

Haoloprusencditinly Gegres wl newnrity
Norwal Later Sorntioher L

Septooptic dysplasio.:
Triad of optic nerve hupoplasia, puitary abnormalties, and midine bran

defects (invohving septuen pellucidum or corpus caligtum),

o

' flokar.

Clinical presentakion !

. Waoﬁmmmmmswmmw“&
ﬁMWzMWWmWMMWWQM.

b W&MUM&WME’?WWQ

wwmwmmmwmmwaw

arterior pituitary nsulSiciency :

Two genes | HESX, SOX3.

Pituitary insufliciency management s cruciol

Agenesis of corpus eallosum
most comnon birth defent of CAS after spina bifida.

Wﬂ*o?mgswmnsﬁmmﬁdemmn il
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Congenital CNS Structural Mallormations Part | - 3

to the anteviw ARy,
i MY
* Widely separated frontal horms with an abnormally high position of the thrd
ventticle betweon the latemnd ventricles.
' anhs car in axlal section,
¢ Vi helmet appearance in coronal section
Genetics ) Trisomy B and 18
Noa-genetic factor 1 Fetal aleohol synerome.

Mraltel bontol borms. Vg NG corpus callosum
of laterad vevtrcke.

Ricards syndrome -
* Triad: Corpus callosum agenesis, choricretinal lacunae and infantile spasms.

* exclusively seen in giris.

NEET 88 Paociatnes « w1 0« Marrow 1.0« 2023
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CONGENITAL CNS STRUCTURAL
MALFORMATIONS PART 11

Disorders of cortical development 00.00:14

Development of cortex:

Three lyers of neural tube :

* Newvepthehal cell lauer

o n‘hntiecellhae\'.

* mgm!eenhﬂer

uwg‘rnlaehhserhta'beemm -» uhite matter.
Mﬁeeenh‘xjerlaierbeemneﬂ&egmﬂer.
h&emm—*wshmweumepi“\elmnpmﬂem&emdnﬂam{ehﬂ-\e
s::r&‘aee-*&mgmﬁ-\er?«fwsiheoutersuﬁme.

Lissencephaly :
. mogmwmmmmapo«gw%wm“we,gmg

the appearance of a 3 - 4 months fetal brain
. wu:m,mdwmwm
* Cortex s thies
. Fgmaotsww-ghssapp&mehm

¢ 56 associated wrh miler-DeKer syndrome,
rpias deletion w1 + Posterior predonveant
1S gene mutation (RFR4S) gene): Posterior  eserephuly (Vs gere).
. ms&mw:omﬁmh(x%edsm&
males : Rateror predomnant kssencephaly,
Female relatwes ! Sub-cortical band heterotopa.
. m~m&&m&mmmﬂhmﬂw
. f&fziwwm lesencephaly * Rssocated wih congenital
kam\

SETT S5 Paataras © 1 O Maes 102003
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Paediatric Neuroiogy

Sehizemephdg

Presence of unilateral or biateral clefts within the cerebral hem:spheres

Closed lip :

*  No communication with the ventricles.

* Presents with hemiparesis, good prognosis.

Open ip:

¢ Communicates with the ventricles.

¢ Presents with hydrocephalus or seieures.

mosty ined by polyricrogyria. f

Ead:dostenldo‘r‘terenhd =
Poreumplulg—vﬁesemeo#cgs,{sorcavmeswdh— phaly
in the brain that result from developmental defects or acquired lesions ke
infarction or bleed.

. D@%eraﬁh&edbgﬂ-\epresmo?gegm{erlmhginschizenwptw&

Worst prognosis : Gilateral open fip schizencephaly,

Parencephaly

* Presence of cysts or cavities within the brain

* Most common site : Perisyivian region.

* most communicade with ventricles or subarachnoid spoce.

* fiferentiated from schizencephaly by the ining (Lined by white matter).
* Risk Factors : Hemorrhagic venous infaretions, protein € deficiency and fac-
wvueumwfo&mminn&ddiommwu,muﬂ—
lebrand disease, maternal warfarin use, maternal cocaine use, congenital

* Familiol porencephaly : COLAR and COLARR genes.

Neuronal heterotopia. ;

Presence of normal tissue in an abnormal location.
Tg:es=

L Periventricular nodular heterotopia. : most common
a. Subcortical and band heterotopia.

3. Gioneuronal heterotopia. : Brain warts.

Seizures M\g%epresenths complaint.

FLAR gene : X-linked, more common in females.

MR} ¢ Subcortical band
heterotropia.

NEEY S5 Paediatnes « v1.0 « Marow 1.0+ 2023

16



2 Feedback

Congenitat CNS Structural Malfarmatiors Part i - 3

Frths 1nne

M@y s Periventricular nodular heterotropio.

MWMW:
. Ja.t Focal cortical dysplasia. with abnormol
radial cortical lamination.

Feptupel | fo* Focal cortical dysplasia.with abnormal tangentil
le t Focal cortical dysplasia. uith abnormal radial and
tanqential cortical laminadion.

FeD tupe @ an.1 Focal cortical dysplasia. with dysmorphic neurons.
o | b Focal cortcal duplasia ukth dusmari neurons e

balioon cells,
50.=wﬁmlhmhn&bnab(mrmfvﬁeshﬂ\e£emporalbbe |
ab : Cortical lmination abnormalities adjacent to a. gfial or |
gioneuronal tumor. |
FCD type 3 3¢ : Cortical lamination abnormalities adjacent to vascular |
(ssociated malformation.
with principal | 3d.1 Cortical lamination albnormalities acjacent ot any other
fesion) lﬁmweddﬂtgwghhaa:nmm
injury, encephalitis.
3005 + Cortical lamination abnormaliies adjpcent 1o a cini-
cally or radiokonjcalty Suspected principal lesion & not avai-
l able For meroscopic inspection. 7
Classifieation of focal cortweal dysplasia. :

NEET S Paschatnes » v1.0 - Mamow 1.0 - 2023
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Active spsce

| Paadiatric Neurology

mesnwﬁbsy\seenh%wwﬁcddgsplash.

Polymicrogyria. (PMe) :
* The surface of the brain carries multiple and small convolutions separated

L]

[ ]

by shaliow enborged sulel

May be found lining schizencepholy,

Blateral perisyivian : Most common type.

Congenital biateral perisufvian syndrome + @lateral perisyiVan Pme, oromo-
tor dysfunetion and epllepsy,

Non-genetic etiology : LW,

&enetic etidlogies * aaqiLa deletion (i George syndrome), Zellweger syn-
drome, RDGRS (6PRSL) leads fo bilatera) Mn{opanetnlpolgwoagru
@FPe---

NEET SS Pacduxings « v1.0 » Marvow 1.0 - 2823
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Congenital GNS Structural Malformatiors Part I - s

Othas Pashons

-

Fratat

MM e w

i;;uunn;z;i
i H

b it Bope A

Harenirun sl i nad Pysirar aptahsd Barass
£ conpua C MR

Carchac otoc th, paeattyron] bypopinsly, faciet
dhavesrpiiem. Hwimen byisyilone

e gty crdaneows datensibility joid ity
brseng

Facial dpamephintm, toiel ancnaies, shalviet
anvomalien microcephely

Fye abrosmaiion, aocyvial skl delectn

Mple CNS sbnowenpitine lctc BCKIos,
AR IepImeralon, OCIH MICARTINGS

Octipnp) mwningosreephuloculn, srhinencaitily,
felycyslic hidreys, polclictvly, bils dact abrsomnaiion:

avcasierud hyparlaaiicrty or ihich phin

Shacroverialy. polydactyly
Microcephaly, calaacts, aicrrornea, apic slmphy,
Sypogemaaim, bynopiss of corpus calicuarn

Ontatal gomation, whon defeciz, and muliple brem
anornales

OH. camplodaciyly, siiple ankdoss. Uiciel
dysmprpivern. gronaty bypoplese

Faclal hvsargroma, giauce e
mmgalengaphaly
Wiwng mnitar dysropsivunt ion, hecisl dyanoephlers

et CyWis

Supdrumes uith poyricrogye

Disorders of posterior fossa development

o~ P DI

APSAE Pofiglera 3

73qt1 2 geerre

00:19:50

thoﬂ:sgn&ome

* Autosomal recessive ciopatin.
* Cerebellor vermis hypoplasia and the pontomesencephalic molar tooth sign
(p deepening of the interpeduncular fossa. with thick and straight superior
cerebellor pedundes).
s Wonn, alaxio, characteristic brea&hmgabnormu&esmbdmgepmdc
apnea and hyperpnea. (uhich improves with age), gjobal developmentol de-
oy, nystagmus, strabismus, ptosis, and oculomotor apraxia.
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