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- Infantile
hydrocephalus

- Craniopathies

- Spina bifida

- Pediatric age
brain tumors

- Other
developmental
abnormalities

- Chiari
- Arnold-Chiari

c2

Chiari type | malformation

Hydrocephalus

. s
Arnold-Chiari type Il malf.



Production ~ 200-500ml/day
-+ Child 8 ml/h
- Adult 20 ml/h

Total volume
- Newborn 20-50 m|
- Baby 40-60 ml
- Child 60-120 ml
- Adult 120-200 ml

Functions

- Brain & spinal cord protection
against blows

- Transport of waste
substances

- Give space to avoid NNICP

Circulation

- Ventricles = subarachnoid
space = arachnoid villi =
venous sinuses

REMEMBER?

CHOROID
PLEXUS

Dura mater
(endosteal layer)
Dura mater
(meningeal layer)
Arachnoid
granulation
Arachnoid
trabeculae

Pia mater

Reabsorption
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¥ HYDROCEPHALUS

- Hydrocephalus =
M intracranial
CSF volume
- Hydros = water
- Kefalos = head

Production
\Ventricle

Reabsorption

Enlarged ventricles

- Causes

- 1! production (very
rare)

- Circulation block
- The most frequent

- | drainage
(resorption)

Brain Ventricles

REMEMBER?



Hydrocephalus: types

Communicating

VNTauA

- According CSF flow

- Communicating
- CSF block in subarachnoid space

- Non-communicating

- CSF flow block inside ventricles

« Foramen of Monro
« Third ventricle
* Aqueduct of Silvius
+ Sixth ventricle

- According to presentation
- Congenital
- Present from birth

- Causes

* Intraventricular hemorrhage
(prematurity)

» Silvius aqueduct stenosis
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- Acquired Prematurity Silvius aqueduct stenosis



- Baby (sutures and Wi, by —
fontanelles still open)

- Irritability, crying Cromiesncs

- Poor feeding, lethargy

- Bulging fontanelle |

- Prominent peri-cranial - ot
veins /

- Increased head
circumference

- ‘Setting sun’ eyes

- Chronic hydrocephalus =

psychomotor
developmental delay

Prominent



W4 Increased newborn cranial circumference

f

Normal Hydrocephalus




il Hydrocephalus clinical features

------

: ' Convergent - : | |
n setting eyes strabismus Bulging fontanelle = -



- Acute: intracranial

hypertension

- Headache, nausea, vomiting
- Papilledema

- Fourth cranial nerve palsy

- Gait disorders

- Parinaud syndrome

- Paralysis upwards vertical
conjugate gaze

- Chronic

- Papilledema — optic nerve
atrophy — blindness

- Gait disturbances (spastic
paraparesis)

- Upper limb dysmetria
- Endocrine disturbances

Papilledema

0



- Increased cranial

perimeter
- ‘Waterfall pot’ Macewen's
sign — ' n =
Cranial circumference Waterfall pot sign

- Skull percussion sound
- Transillumination

- Trans-fontanelle
echography

+ Infant, child and adult

- Baby: skull x-ray
- Acute: suture diastasis

« Chronic: in the skull
digitiform impressions and
enlargement, erosion, or
decalcification sella turcica

CT-scan/MRI

/
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" Transillumination

Transfontanelle Jea P g
echography Skull x-ray




oy CT-scan/MRI neonatal hydrocephalus:
sl Drain atroph

Faculi:a': de [\Jedicina
i Qdontologia
Maximal atrophv in parietal and occipital lobes

CT-scan



oy C I-scan neonatal hydrocephalus: brain
il atroph

Ventricular system dilatation + lack of nervous tissue
development = brain atrophy = psychomotor retardation

Increased head circumference
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CT-scan child and adult: moderate ventricular
j size increase without brain atrophy




External ventricular drainage
- Temporary measure

- In intraventricular hemorrhage
(prematurity) or infection

> Permanent CSF diversion
(shunt) ~ 80% cases

- Ventricleperitoneal shunt

- Ventricleatrial shunt

- Lumboperitoneal shunt

- Ventriclepleural shunt

i Ventricle-
- Ventriculostomy ~ 15% cases peritoneal

- Third ventricle floor opening =
CSF flows out directly into the
subarachnoid space

- Indicated in CSF obstruction at
third ventricle, aqueduct of
Sylvius, or posterior fossa  \entriculostomy %

\entricle-
atrial

| Lumbo-

peritoneal

Ventricle-
pleural




VNTVﬁ SITZ\T

Ly \entriculostomy third ventricle floor

Qdu logra/

- Few indications

Ideal NO need for CSF shunt = no relnterventlons




CSF shunting

. t . Needle
shield
. Antisiphon device ilicone
dome =
T

- Inadequate
drainage

- EXxcessive
abdominal
pressure

- CSF shunt
colonisation
by bacteria

- Adequate
drainage

- Excessive
drainage

- CSF shunt
without anti-

siphon system [nadequate drainage Adequate drainage Excessive draTﬂla:ge




- Ventricular collapse
- Lower tolerance to 1ICP

- Chronic subdural
hematomas
- Uni or bilateral

- Secondary
craniosynostoses

Ventricular collapse

Chronic subdural hematoma uni- or bilateral




- Patient growth

- Prevented by a sufficiently
long peritoneal catheter

Burr hole
Reservoir—ol) - (-
5 % )
| =/
Valve , o -
.

Right atrial catheter
(uncommon)

« Impossible in ventriculoatrial B 7 Z
- Hydrostatic pressure changes ' g% \
with increased patient height __ peritoneal ——
= % (most C:Tt‘r:;f‘; ——— Extra length to

- Intracranial and
abdominal pressure
changes
- Baby = decubitus,

child = standing position
- Siphon effect?

- Valve that works in infant may
not be suitable for child /
adolescent / adult

allow for growth

- Result = frequent CSF
shunt replacement in
children
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= CSF shunt complications: catheter rupture

ViNIV]
£y

- Common in children growing up

- 1 at the clavicle level







Dysraphism REMEMBER?

Neural plate border Neural plate  Ectoderm

- Dysraphism: midline
malformation

Mesoderm

Notochord

Convergence y—

- Midline fusion and
developmental defects

— Skull
—Spine T o
- Congenital '
—~Some have genetical basis

Neural crest

Neural crest cells

Neural tube

- May involve soft tissue,
bone structures and/or o e
nervous tissue

4 Spinal ganglion

Somites (mesoderm-derived)



REMEMBER’>
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- 4th week: Neural tube
closure

— Anencephaly
— Myelomeningocele

- 5th week: Closure
anterior middle line &
pontine flexure
development

Arrinencephaly

Arnold-Chiari
malformation

REMEMBER?

Neural fold

Pericardial bulge Pericardial
i
Otic placode ) bulge
Neural B0l _somite

Anterior
7 neuropore

Surface Neural
ectoderm  crest

2 Neural
Amnion sroove

22 days 23 days

Posterior

DEvpoIY Normal Anencephaly  Spina bnf da

_— ~/ Proceso nasomedial
Prominencia frontonasal

Proceso nasal
lateral

Placoda nasal

Fosa nasal Surco

nasolacrimal
Membrana

“ orofaringea y
. Proceso maxilar

- Orificio oral
+_Mandibula
[/ \Proceso maxilar

Hendidura
hiomandibular

{* Arco mandibular

Arco hioideo
Proceso maxilar Canal

F"-/\ nasodptico

Vesicula otica

Proceso

nasal lateral
11l arco
Proceso
Il_ayco nasomedial
hioideo

e s ® - A -
Arco hicideo Cuarto arco Proceso maxilar  Arcqanditgiar

Tercer arco ‘ ~
N

51/2 semanas

| arco mandibular
Arco mandibular
4 semanas 5 semanas



A
6th week: rostral membrane m
& first visceral arcs

development

==
<>

Hypertelorism

— Dandy-Walker syndrome
— Craniofacial malformations
— Cleft palate & harelip

REMEMBER?

Lateral Facial Cleft

Midline Facial Cleft Lateral Facial Cleft + Cleft Palate

Craniofacial malformations

T
<A 7N o
Y = \ M= 0
- ey | 3 \ /4 SN
/| F/

Dandy-Walker syndrome Cleft palate Harelip



- Neuronal migration
defects

— Agyria

— Pachygyria

— Microgyria

— Periventricular

heterotopias . . s
- Commissure defects Agyria Pachygyria M"fogy”a

— Agenesis corpus callosum W ) 2B
REMEMBER? =t H 1

- A Ye }L‘\(\ X &» /s

Sads s ok M

Periventricular heterotopia Agenesis corpus callosum



Dismesen-
gquimosis

\

Il. Créneofacial

Most Important dysraphisms

/A.Craneosimstosis ¢ CraniosynOStOSES
[ Eecaoceiala (sl segte) - Scaphocephaly (sagittal suture)

2. Braquicefalia (sutura coronal).

|. Cfanes 3. Trigonocefdia (Sutura metdpica). . Trlgonocephaly (metoplc Suture)
(no findrémica) 4. Plagiocefalia (craneosinostosis . . .
unilatersly — Plagiocephaly (unilateral coronal or lambdoid
< a) Anterior (hemicoronal). SUtU re)
b) Postericr (hemilandcicea). .
5. Sus combinaciones. — Brachycephaly (bilateral coronal suture)

B. Craneosguisis:
1. Meningocele
2. Encefalocele

— Combinations

3. Anercefaia - Cranioschises
— Meningocele
1. Fisuras de Tessier 0a 3 (Fisura labio- . Encephalocele
dvedo-palating).
Il. Facid 2. Fisurasde Tessier 4 a6 ,
(Fisura Facial Meda). ’ Sl ~ <;’_ a i
.< 3. Fisuras de Tessier 7 (Microsomia P g A8 N 9 b N -
Hemifacial). ( — - <[ ~N ]
SN . A y 59 J
4. Fisuras de Tessier 6 a 8 (Treacher R : C /C\\' \“; b
CO“I ns) (,,,.'.::::.,‘.v. Rrain rx.: uo-.-’-':"&- . Hermation of the menioge Ocoigpstal ol .-‘: x-lr;"'ﬂ s with
®, s spinal cond skl vkt tand beain) evtrome retrofievion of the head

5. Sus combiraciones.

1. Fisuras de Tessier dela9ala 14
(no sindrdmicas), con o sin
cranensoulisi

2. Grandes Sindromes creneofaciales Spina bifida oceulta Closed spinal dyscaphism Meningocete Myslomeningsnde
Closed avymptomatic NTD in which some Debciency of ot least two vertebval  Protnusion of the mevinges (filed with () Ogpen spinad cond

of the vertelvae are not completely chonad  arches, hate covered with a lpome thvough & delect in e shull o spioe twith & rerwrge s Cyst)




&8 Most important dysraphisms

— Craniosynostoses = premature suture
closure

— Cranioschises = suture closure failure

— Myeloencephalocele = neural tube
closure failure

- Cranio-cervical junction
abnormalities

— Arnold-Chiari malformation = failure
posterior fossa development

- Spine

— Myelomeningocele




- Premature closure of one or more cranial
sutures — abnormal skull growth +
development
— Primary mesenchymal alteration
— Sometimes hereditary

— Usually a genetic mutation

— Incidence 3 -5/ 10,000 births

- History
— Known since ancient times aynioatolic

suture
—Virchow (1851)

- Synostosis — No growth perpendicular to the
involved suture + compensatory growth in other
directions

— Surgery: Lannelongue (1890)

- Linear craniectomy removing the prematurely closed
sutures Lannelongue




- Connective tissue
layer between
bones

- Syndesmosis
(cranial vault)

- Synchondrosis N T
(skull base) C rememeer? 3
- Closure at 6 — 12
montns age e TN /Ai/\
- 12 — 13 years: n\
fibrous tissue

- 4t — 5th decade:
ossification Early suture closure — Cranial malformation | “4 =

Suture
Mesenchyme Osteogenic

Brain

— Pericranium



| | NORMOCEPHALY
TRIGONOCEPHALY / 1 \ o
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POSTERIOR
PLAGIOCEHPALY

BRACHICEPHALY

. ANTERIOR
Top view PLAGIOCEPHALY

a5




@ Craniosynostoses: diagnosis
4 |

- Cranial dysmorphia

— First sign

— Gives name to craniosynostosis
- Content: 1 intracranial pressure

— Intracranial hypertension

— Headaches, exophthalmos, cranial
nerve injury, psychomotor delay

— Cranial nerve conduct stenosis:
anosmia, blindness, deafness,
ophthalmoplegia

- May be part of a syndrome

- Associated malformations: polydactyly,
syndactyly, and anotia

Fontanelle palpation (fontanelle not always absent in
craniosynostoses, and absence is not always diagnostic)
More reliable is high resolution multi-cut CT (3D reconstructiorﬁ,(]%

Q

4



- Sometimes isolated (familial?) malformation

- In syndromic cases = more severe

Syndactyly of syndromic cases



Pinna malformations / microtia / anotia

- Indicate severe syndromic case

- Uncommon

Pinna malformation | Anotia
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- Primary

- Simple

- Scaphocephaly

Trigonocephaly
Plagiocephaly
Oxycephaly
Turricephaly
- Complex (syndromes)

- Crouzon, Apert, Carpenter

- Pfeiffer, Saethre-Chotzen, etc.

- Secondary

- Metabolic disorders

- Hyperthyroidism, polycythemia,
thalassemia...

- Meningitis
- QOsteoclastic diseases

- Hydrocephalus shunted with low pressure
valves or without anti-siphon device

Skin Diaphragm (Top) Periosteum

.‘& |
Anti-siphon sl Do
device — ## »

Directional Arrow (Bottom)

Skull

Recumbent Standing
A D y
Normal Unilateral coronal Bilateral coronal -
Anterior plagiocephaly| ~ Brachycephaly Sagittal
Scaphocephaly
Unilateral lambdoid Bilateral lambdoid Metopic Pansynostosis
Posterior plagiocephaly|  Brachycephaly Trigonocephaly Cloverleaf

David, J.; Poswillo, D.; Simpson, D.: The
craniosynostosis. Causes natural history and =
management. Springer-Verlag 3: 35-42, 1982



d @de ‘,, na n
all mechanism

- May be due to intrauterine position or twin pregnancy

- Not only affects cranial vault sutures

- Skull base suture involvement = reason why simple cranial vault
synostectomies fail to correct problem

- Facial involvement = deformities in eye / nasal pyramid / face
- Need repair BEFORE unaesthetic deformity happens




IEP“[
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- Abnormal
position
orbits

- Nasal

pyramid
deviation

- Upper
maxillary

hypoplasia §

M\ Craniosynostoses: facial consequences

Upper maxillary hypopIaS|a



Occipital plagiocephaly




VNIVERSITAT
B VALENCIA
F Mledicina

acultatide
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Skull-face deformity, orbit-ear position

CT-scan with 3D reconstruction




N

- I frequent CS
- 1/4,000 births “’“

- Sagittal suture
closure — |~.,. W |
skull grows in / ¥
AP direction

s
<~
Fused sagittal suture
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3= Scaphocephaly: CT-scan

g No cuE




- Premature closure metopic suture — narrow triangular
forehead, palpable midfrontal ridge, hypotelorism




- Depicts metopic
suture fusion +
cranial deformity
+ hypotelorism =/
helps in surgical |
planning ¢




Y Trigonocephaly: MRI

VNWE@%SITAT

Rules out brain malformations




premature coronal
nemi-suture
closure —» oblique
skull shape, o
frontal bulging on
healthy side,
facial asymmetry

- Occipital =
premature
lambdoid hemi- [~ =\
suture — oblique ,
skull shape,
occipital bulging




Fac dicin
”e Mg;/

s Simple CS: frontal plagiocephaly

- Premature unilateral coronal suture
closure — oblique skull shape, frontal
bulging healthy side, facial

asymmetry, Harlequin eye ‘
_ Harlequin




i Brachycephaly

- Premature bilateral coronal
suture closure (skull does not
grow antero-posteriorly) —
grows upwards

- Associated with syndromes
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bk Occipital plagiocephaly

- Premature unilateral lambdoid suture
closure — oblique skull shape, contralateral
occipital bulging

- Types: true and positional

0
1
2N
l
|
|
|
|

B,
)

(

True Positional



Ipsilateral frontal

Importance: true requires surgery, positional requires molding helmet
- : bossing

Ipsilateral ear
displaced

|psilateral ear
displaced
posteriory
7 k anteriorly
Ipsilateral eccipitoparietal

Contralateral oedpital flattening
hassing

Abombamiento

frontal

Ipsilateral ocdpitoparietal
ipsilateral

flattening
Abombamiento
frontal

contralateral

=
Lamdoid Suture

— Fused
A ~._Lamdoid Suture

"\ Oreja
A& ipsilateral
[ | inferior y

posterior

Straight canial

Positional




- Closure of ‘all’

sutures

- At least coronal &
sagittal

- Maybe

- Harmonic = all
sutures close at
once —
Microcephaly

- Disharmonic



- In extreme
cases =
Intracranial
hypertension
= blindness

Brain growth

Impairment =
severe
psychomotor
retardation




- Craniofacial synostosis

- Hereditary: dominant or
spontaneous (elderly father)

- Brachycephaly

- Limited center face growth:
hypoplastic maxilla, short and
protruding upper lip, peaked
nose, hypertelorism,
exophthalmos and divergent
strabismus




= -9-—-—-— Antencr
o \ \ fontanelie

Acrocephalosyndactyly type |
Possible autosomal dominant

Acrocephaly, syndactyly
(hands and feet)

First gill arch defects: choanal
atresia, megalo-cornea,
strabismus, orbital hypoplasia
and other malformations

»\-———— Coronal suture

— Stuamosat
suture

Tumbraquicefalia con huesos frentaies altos, inclinados v planos,
nariz pequefia v contraida, estrabisme, proplosis oouler,
frelinacion antimongaloide de las hendiduras palpebrales,

aplanamiento de la parts media da la carg;
paladar ¢jival, con maloclvsidr damtaria

R4

Diversos grades de zindactilia

de los dedos de las manos ¥ de los pies \\



- Acro cephalopolysyndactyly type Il
- Possible autosomal recessive
- Chromosome 6

- Acrocephaly, brachysyndactyly hands,
preaxial polydactyly and foot
syndactyly

- Sometimes obesity, hypogenitalism,
and mental retardation

{

i 4
A
. Y.

) ‘.ﬁo 5 g s
r—"\ . v = .::l_u"- . ‘
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- Acrocephalosyndactyly type
\Y

- Autosomal dominant
(mutation)

- Varies from brachycephaly
to cloverleaf skull

- Partial syndactyly, broad
thumbs, large toes, normal
intellect




- Acrocephalosyndactyly type Il

- Gene mutation chromosome
-

- Hypertelorism, palpebral
ptosis, mild mental
retardation




(¥ Craniosynostoses: differential diagnosis

- Microc ep hal y vera Microcephaly Normal head size

— Brain is normal but has not
grown

-~ Small cranial perimeter, sutures
present

- Postural defects

— Infants with psychomotor
retardation, rickets,
osteogenesis imperfecta

- Hydrocephalus
— Fontanelle present and bulging

- Others

— Arachnoid cysts, hemorrhages,
tumors, intra-uterine infections...

Osteogenesis imperfecta Hydrocephal@ S



- Conservative
— Cranial orthosis (helmet)

- Surgical (3 — 6 months)
— Indications
— Intracranial hypertension
— Optic nerve atrophy
— Avoid psychomotor retardation
— Aesthetics
— Allow correct brain growth
— Avoid/correct facial deformities
— Surgical techniques
— Closed suture opening (synostectomy)

— Multiple cranial fragmentation : '
(morcellation) Positional occipital

. _ agiocennal
— Cranial decompressions or flaps plagiocephaly
— Craniofacial advancements q:

Distorted
skull shape




I Craniosynostoses: surgical treatment (1)

- Surgical procedure indicated according to patient age,
degree of cranial / facial deformity, simple craniosynostosis,
or associated with a syndrome

- Skull growth 60% 1st year, 80% 2" year, and 90% 3" year

- Corrections between 3-6 months = better results with less aggressiveness

 Possibility of endoscopic synostectomy = minimal surgical aggression, but need
for molding skull helmet for 1-2 years

Slmple synostectomy Endoscopic sagittal synostectomy Endoscoplc metopic synostectomy

Soft tissue incisions

I e ' b
A R
o . N
/i A\
\ R
¢ B ‘
g v
| \
P ;
) H
7
|

Endoscopic corona synostectomy

'

Molding helmet




Cranial deformity
- Craniectomy

- Cranial remodeling
- Skull expansion

Facial deformity

- Hyper/hypotelorism
correction

) O Mg D — ;
Orbltal situation correction Facial advancement Craniofacial advancement



B Craniosynostoses surgical treatment s
¢

- Avoid delays = | aggressiveness

|




Jaiay  True occipital
Facultatice [\/Jedicina

L=l plagiocephaly

Few cases







Craniosynostoses: percutaneous cranial
distraction

- Progressive
cranial
distraction

- Risk of infection



- ‘Cranioschisis’ = ‘split skull’

- Cranial neuropore lack of
closure

- Skull = neural tube defects

- Severity

- Cranial meningocele
- Meninges only

- Meningoencephalocele
- Meninges & brain

- Anencephaly

- Meninges & brain, open to
amniotic fluid

- Non-closure of the neural
tube

- Brain formation lacking, but
with basal ganglia &
brainstem preserved

Meningocele

Meningoencephalocele  Anence

pliat

Iy




Location: anywhere in
the skull

- tfrequent occipital or
frontal-basal areas

Size: variable

Coverage and content:
variable

Prognosis: depends on

- Size, location, brain
structures, presence of
microcephaly, association
with syndromes

Sphénbidal

- Mortality
- Meningocele 11% i
+ No brain tissue — good '1-»

result after surgical repair
- Encephalocele > 70%

i
Parietal

= ==&~ Brain
' \ Subarachnoid
. 7 space

- =g, ~Dura mater

~ Skull

== === Encephalocele

-
3 - ——

Ethmoidal

Mastoid

Middle ear

BRIV verﬁe






Intrauterine diagnosis

Prenatal ultrasound —
Abortion?

Prenatal MR

TOSHIBA
Balaji Xray Sonography  -DR.- Fetal Heart1

CINEREVEW» oo B




- Diagnosis at
birth

- Clinical
features

- Ultrasound

. D
Atresic parietal meningo-encephalocele L L



- Presence
may be
suspected
with
ultrasound

- Confirmation
by magnetic
resonance
Imaging




- Treatment= surgical = defect repair
& closure

- Goal: To preserve viable brain tissue
- Highly variable results, high mortality




Occipital meningoencephalocele: venous

El 1 : A
sl SINUSeS

- Abnormal venous sinuses = inability to expand skull to
Introduce herniated nerve tissue intracranially = need to

remove that tissue = severe neurological deficits

Normal Occipital menlngoencephalocel



1 Anencephaly (1)

YNIauil

- Definitions
— Acrania = absence cranial vault

— Usually associated with spine defects
— Meroanencephaly = no closure of

: Acranla
neural tube cranial end (4™ week) CEREBRD S ctneao B
— no cranial vault closure — TR01Go GeRceL
— Anencephaly = partial brain 3 -,"  wie
absence € \%/ ¢ -\‘.
] ) TRONCO CEREBRAL AN TRONCO CEREBRAL I8 :
- Incidence: 1/ 1000 births ! |
Normal | Merocrania [ Anencéfalo

- Incompatible with life Meroanencephaly

— Survival time depends on the
amount of existing brain and its -
degree of organisation B

Anencephély |



- Intrauterine Vitdria do Cristo,
. . 2’ years
d 1agnosIS Tluly 2012

- Ultrasound (14 weeks)
— Abortion?

- Prognosis
- Death at birth or soon

after
- Rare survivals > 1 year

COLUNNAVERTEBRAL %
2,
—

e




Cranial Neuropore

3. SPINA BIFIDA

- Spinal cord neural tube closure defect

- May involve A\
- Meninges = meningocele Nl '
- Spinal cord = myelomeningocele -_— Caudal Neuropore

Normal neural tube closure

N
.
N
)

Fatty tissue = lipomyelomeningocele
Bone = diastematomyelia

- Diagnosis = clinical features, CT/MRI

- Treatment = surgical
- Meningocele = dural + soft tissue repair
- Myelomeningocele = spinal cord, meninges +
soft tissues repair

- Lipomyelomeningocele = untether spinal cord
followed by meninges + soft tissue repair

- Diastematomyelia = bone spicule removal

Al Spina bifida
defect

21 days 22 days 28 days

Spina bifida

\




Spinal dysraphisms (1)

Myeloschisis Subcutancous
(Neural placode) fat

Spina bifida Meningocele Myelomeningocele Lipomyelo- Diasteme-
occulta meningocele tomyeliz

Normal Dysraphisms




Pons & medulla

Foramen magnum

Spinal cord & pia mater

Normal length spinal cord
stretched by creating tethering
force cranially & caudally
causing hypokyphosis,
lordosis & scoliosis by
maladaptation of growing
thoracic spine to tethered
spinal cord with subtle
neurological dysfunction

Tethered
spinal
cord ~e

YL - Conus medullaris

Dermal sinus = cutaneous connection between intradural Thoracic anterior
spinal overgrowt

compartment and outside world = bacterial meningitis risk  relative to spinal

cord

- Thickened filum terminale = tethered spinal cord = with
growth traction on thoracic spinal cord = spinal cord
impairment = lower limb paraparesis

Sacral dimple

Cauda equina

Filum terminale

Thickened
s _“ filum
. terminale
V)

Vertebral body

Dermal sinus Normal ~ Tethered spinaf



Normal growth /
of spine and Spinal cord |

- Outside world
nerve tissue
exposure

- Myelomeningocele

Tethered
conus:
shortened
fillum puts
A", tenslon on
- spnalcord

- Spinal cord
tethering

- Myelomeningocele
Lipomyelomeningo
cele

)

|

- Diastematomyelia
_ _ ormal Thlckened filum terminale
- Thickened filum ‘7

terminale

- Bacterial
meningitis
- Non-repaired
myelomeningocele
Dermal sinus

Normal Llpomyelomenlngocele Dlastematomyella Dermal smus
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Normal

\) [/v.%

- Arnold-Chiari type Il malformation

» Thoracic spinal cord myelopathy

/ malformation

Tethered Cord

Arnold-Chiari type Il

v

\

Pareto-spastic
gait

Thoracic myelopathy

-Conus medullaris

Cauda equina

Il it Filum terminale < !
sy J7 |\ ' S

N
Tethered cord Lower limb muscle atrophy




- Spinal cord damage since
inception
Severity depends on the spinal
level

- The scar tethers spinal cord
after surgical repair
Arnold-Chiari type Il malformation

Myelomeningocele

Enlarged ventricles

Cerebellar vermis

Syrinx

Myelomeningocele
Open spinal cord

Bone (vertebrae)




Myelomeningocele & Arnold-Chiari

ne || malformation: pathophysioloc

- Due to spinal cord
tethering by
myelomeningocele

- Downward spinal
cord traction =
herniation
cerebellar tonsils

- Hydrocephalus

- Partly due to CSF
leakage into the
amniotic fluid = poor
development of CSF
drainage system at
venous sinuses




M Myelomeningocele & Arnold-Chiari
| type Il malformation: treatment

Arnold-Chiari 11
Malformation

édula es pinal

Myelomeningocgle



ultat M‘gdibina
i D&untolqgia

NORMAL lipomatous tissue
tethering the spinal cord
The problem is the tethering




- Good skin coverage
- No risk of meningitis

- Surgical repair can be
delayed

- Spinal cord medium
and long-term
Impairment due to
tethering

- Thoracic spinal cord
undergoes stretching
and ischemia as the
child growths

Narmal growth
of spine and spinal cord

F A S
— migratienof spinal cord
upspine yr?wm



- Bone spicule invading spinal canal and
splitting spinal cord in two
- Skin sign = lock of hair = Faun's beards
- Problem = spinal cord tethering

Fauns beard



Dermal sinus

- Frequent consultation

- Rarely symptomatic
- Requires lumbar MRI

- Risk of bacterial meningitis




e

S MT Spinal cord tethered by

L2l thickened filum terminale (1)

VNIV

- Very rare
- Possible association with scoliosiS  Normal  Tethered spinal cord

- No relationship with syringomyelia
\J




o Spinal cord tethered by thickened filum
terminale(2

B VALENGIA
Faﬁylﬁé§ de [\/Jedicina
i Qdontologia

Lower back and
lower limb pain
that worsens in
the lotus position




- Objectives
- Untethering spinal cord A
- Achieve skin coverage
- Avoid spinal retethering through scar

- Procedure: microsurgical technique

- Results

4

V\\ 9 & \ y 4

e Ay,

- Myelomeningocele: achieve skin cover = scar
retethers spinal cord = Arnold-Chiari type |l
malformation

- Lipomyelomeningocele: lipoma remnants
attached to spinal cord = retethering= need for
reintervention in adolescence

- Diastematomyelia: laminectomy = kyphosis

- Dermal sinus & spinal cord tethered by
thickened filum terminale = no recurrences

Dorsal Dural
. defect around
Lipoma Stalk

Llpomyelomenlngocele repair




- Problem: spinal cord tethering
- Spinal cord retethers again after surgery Lumbosacral
- Reinterventions common lipoma remnants
— _ after surgery
- Possibility of thoracic myelopathy

-3| Debulking of B-4
the spil\al lipoma

Dural . .
closure Lower limbs with
Reconstraction [ thoracic myelopathy after

of the neural

lumbosacral Iip(aqa:

tube with . .
removed in childhootl

pial sutures




- Results

- Objectives

- Untethering spinal cord
- Achieve skin coverage
- Avoid spinal reanchoring through scar*

- Microsurgical technique Laminectomy

- Myelomeningocele: achieve skin cover =
scar retethers spinal cord = Arnold-Chiari
type-Il malformation

- Lipomyelomeningocele: lipoma remnants
attached to spinal cord = retethering=
need for reintervention in adolescence

- Diastematomyelia: laminectomy =
kyphosis

- Dermal sinus & spinal cord tethered
by thickened filum terminale = no
recurrences

L, ?‘.‘ '\\ Section
filum

terminale

i) Thickened y, .oo._
| i~ Filum @

Sectlon filum termlnale



- Possible but technically 1 complex

- Opening uterus = avoid uterine contractions & avoid
abortion

- Results in evaluation
- | nerve tissue damage?
- | hydrocephalus incidence?
- | spinal cord retethering?

A B Neural placode
Skin incision




e Myelomeningocele:

B} Yé_ NCJA

ngy Medio

. mtrauterlne repair (1




spurt

Normal

- Scarring surgical
field = spinal cord
retethering = need
reintervention

- Particularly in the
adolescence growth

7 4
— ~ ,’
S — ( 4

’

4
4
Spinal cord S

attached to
scar tissue \

Evolution after lipomyelomeningocele surgery

,» Scar tethering

spinal cord and
preventing its
cranial migration
with child growth
in height

Evolution after myelomeningocele surgery



- Medulloblastoma
- Ependymoma

- Cystic cerebellar
astrocytoma

- Infiltrating brain
stem glioma

- Craniopharyngioma:::

- Pineal region
tumors

Pilocytic astrocytoma Diffuse brainstem glioma




20-25% childhood brain tumors
Age 5-7 years

Origin: roof fourth ventricle =
does not invade cranial nerve
nuclei

Symptoms = hydrocephalus +
compression brain stem &
cerebellum

- Headache

Dizziness, nausea & vomiting
Visual disturbances
Truncal ataxia
Sensory deficits

Diagnosis: MRI
- Rule out leptomeningeal spread
Treatment: surgery + chemo +

radiotherapy (only if child > 5 years
of age)

Distant
dissemination
lesions

Arachnoid
membrane

CSF

Arachnoid
membrane




VNTauA

- 90% are
Intracranial
- Tposterior fossa

- Origin: floor
fourth ventricle =
cranial nerve
deficits

- Diagnosis: MRI
- Rule out

leptomeningeal
spread

- Treatment: .
- Surgery + chemo + =+ §
radiotherapy (only if 1 .

- 5 years age)




The most common glial
tumor in children

Benign

Only the nodule is tumoral
Nodule excision cures the




- 10% gliomas in children
- Infiltrating

- Symptoms
- Cranial nerve deficits

- Treatment: palliative
radiotherapy

- Prognosis: gloomy




Vh(rwi S\T\AT

A Craniopharyngioma

- 2.5 - 4 % brain tumors
- 60 % patients < 16 years old
- 1 frequent in &

- Localization: usually
sellar/parasellar
- 75 % suprasellar

- Clinical features
- Visual disturbances

- Hypothalamic-pituitary axis
dysfunction

- Intracranial hypertension
- Hydrocephalus
- Cognitive impairment




- Symptoms

- Short stature

- Hypopituitarism

- Loss visual
acuity/visual fields

- Cholesterol cysts

- Benign tumor but
attached to chiasm &
vessels & infiltrates
hypothalamus

- Incomplete resections
= frequent recurrences
= need for radiation
therapy

i




Suprasellar craniopharyngioma

- Newborn 39 weeks
- Visual disturbances

- Suprasellar cystic lesion

—————

———————

—————

~
______
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Lamina terminalis

- Treatment
- Radical removal

- Radiotherapy?
- Patient age > 5 years
- Radiosurgery

- Intratumoral
chemotherapy?




- Vision loss

- Endocrine deficits = short
stature

- Neurocognitive deficits
(memory loss)

- Motor deficits
- Epilepsy

- Result: good survival rate
but long-term 1 morbidity
= f1reduction in quality of
life

Karavitaki N, Brufani C, Warner JT, et al: Craniopharyngiomas in children and adults: systematic analysis of 121 cases with long-term follow-up. Clin Endocrinol (Oxf) 2005; 62:597-4G2.
Merchant TE: Craniopharyngioma radiotherapy: endocrine and cognitive effects. J Pediatr Endocrinol Metab 2006; 19(suppl 1):439-446. Dekkers OM, Biermasz NR, Smit JW, et ai: Cuality

of life in treated adult craniopharyngioma patients. Eur J Endocrinol 2006; 154:483-489
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- & Age 7 years

- Precocious puberty
6 months evolution

- 126 cm & 30 kg
(percentile 72) Setting sun eyes

- 4A§H =

- 1 Testosterone

- 1B hCG blood &
CSF ;
- Thoraco-abdomen- ‘\

pelvic MRI NO \

findings Pre-op MR



- Treatment

-Ketoconazole to
ltestosterone

-Cranial radiation
therapy

-Chemotherapy

Post-treatment MR



- Radioresistant

- Surgical removal

- 10 years ¢

- Symptoms
- Precocious
puberty +

headache for 2
months
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sk Non-germinomatous pineal region tumor

VNIV

Many histological types
Challenging surgical removal

12 years &, 2 weeks headache
+ vomiting

=S [

[

== :D

|:-._l | p
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RADIOTHERAPY EFFECTS

- Progressive damage to different cell types = neurocognitive
Impairment in the intermediate & long term
Changes of synaptic plasticity

Oligodendrocyte injury
and loss (hours)

Activated astrocyte and
microglia (hours)

Vascular damage
(hours)

ays

U -
N Acute: fatigue,

adiatio” nausea, edema,

headache

\rv

Neurogenesis
reduction

eks
\Ne‘ <

Early delayed: somnolence,
transient demyelination,
decreased attention,
short-time memory loss

aths
N\O‘ =

and neuronal metabolism

\ea®

~

-

.

Late delayed: vasculopathy,
demyelination, white
matter necrosis, cognitive
impairment

Q]

Symptoms and timeline of radiation-induced brain injury in patiunts



k=8l PEDIATRIC SURVIVORS

- The younger the age,11progressive deterioration in reading,
attention & behavior
- Not in executive tasks (planning, organisation, and working memory)

&
- \

Brain cellular radiation targets

Endothelial cells Hippocampus Neurons Microglia




A 4. CRANIO-CERVICAL JUNCTION

MALFORMATIONS

- Cranio-cervical
junction

- Area between (1)
lower portion of
occipital bone
around foramen
magnum and (2)
first two cervical
vertebrae

- Funnel where the
spinal cord
attaches to the
medulla and where S
the cerebellum
rests




malformations
Platybasia
Basilar invagination

Craniocervical
abnormalities
Klippel-Fell
syndrome

- Neurological
malformations

- Arnold-Chiari
malformations

- Syringomyelia

Klippel-Feil ;yndrome

Cyst filled with CSF

(cerebrospinal fluid) U B0 &S

Subdural space

Syrlngomyella
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W Bone malformations

- Platybasia

‘ I R

— Skull base flattening NN
(basal or Welcher angle > | [\
1459)
-~ May be asymptomatic, but -
often associated with other Platybasia

abnormalities

- Basilar invagination

— Skull base collapse over
the cervical spine

— Congenital or acquired
(Paget’s disease, tumors)
— Symptoms
— Occipital-cervical pain
— Cervical spinal cord

compression with
tetraparesis

Normal

Basilar invagination :



- Due to ligament instability and/or poor bone
guality at the craniocervical junction

- Treatment surgical with double approach:
transoral decompression + posterior arthrodesis

C1 - C2 instability

¥

% Odoentoid process

Transoral approach



Bone malformations: craniocervical

junction abnormalities

- Craniocervical
junction abnormalities

— Atlas or odontoid
malformations

— Atlas-axis dislocation

— Treatment: posterior
occipital-cervical
arthrodesis

arthrodesis
,/-"\\\

Cl_CZ

0. v
B/
LIy
W&G 05
a8 016
o

rmation

\
Arthrodesis occiput-C;-C,

Atlas-axis dislocation



Bone malformations: Klippel-Fell

syndrome

- Craniocervical
junction
abnormalities

- Klippel-Fell
syndrome

— Congenital fusion
2/+ cervical
vertebrae
(unsegmented)

— Low hair
implantation, short
neck, cervical spine
movement
limitation

— Associated with
bone, kidney,
cardiac
abnormalities
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B VALENCIA
Facultatce [\/Jedicina

i Odontologia

Sometimes slight mental retardation

Usually asymptomatic

R y
Q53 years,
cervical
myelopathy




- Arnold-Chiari

malformations
— Cerebellar tonsil o
herniation
- Types AR

Downward displacement
Dowrward displacement of the cerebellum, brainstem

- Type | = adults

- Type Il = children,
associated with spina
bifida and hydrocephalus

- Type Il

- Type IV

— Associated with other
skull base and
neurological
malformations
(syringomyelia and
syringobulbia)

of cerebellar tonsils and fourth ventricle




Neurological malformations: Chiari type 1

malformation
- Cerebellar tonsil |
herniation > 3 mm
below foramen
magnum =
« 5-10mm—symptoms 30 % ‘éj

‘fgnum level

cerebellar (%)

tonsil in () Herniated
AS§OC|at|on _Wlth cervical ? = Syringomyelic cerebellar tonsils
syringomyelia > 20% . ' spinal canal@\ 4
- >12 mm ‘always’
symptoms

- Clinical features (1)

- Vague symptoms due low
cranial nerve compression

- Nuchal headache that
Tcough, sneeze, Valsalva
& sexual intercourse

- Hydrocephalus
- Syringomyelia




- Sleep apnea, ‘clumsiness’

- Syringomyelia
- Paresthesias & thermoalgesic anesthesia
in a cape-like distribution
- Atrophy & motor deficits hands & arms

- Myotatic reflex abolition
- Due to 2" motoneuron damage

- Spinal tract involvement _ Burn§ In
- Due to intramedullary cysts and/or cranio- Insensitive
cervical junction malformation o aréas

Muscle atrophy in hands

) :
: ,,\ —
Z= o [ \ ,_\)-I,
| y \ »
A
1
\ A entral cord syndrome / L
\ | —< Y {
N 7 | ‘.I |
il
\ N\

Cranial nerve involvement
- Diplopia, dysphagia, dysphonia = =

Brainstem: nystagmus

- Cerebellum T\ / V=
\ .‘ f
- Cerebellar syndrome (11%) |; ‘.‘»‘»\ '«‘ \ \‘
- Truncal ataxia \l / 0
. . . WY l \ed 2
- Lhermitte's sign = electric shock from L o IS

nape to arms when flexing the neck Cape-like distribution anesthesia Lhermitte’s sign



- CSF cannot circulate properly because of the ‘plug’

created by the cerebellar tonsils

Systole Diastole

\

N Ormal Chiaril malformn(l;)n + s\ringomy*




Intramedullary cystic dilation

- Age presentation 30-40

distribution

years age ~ Sme
- Thermoalgesic @ PN (& [ D g LN\
dissociation in a cape- & A N S 74
~R—. 'q\—’) / -~
Area of cord damage - :

- Muscle atrophy in hands & Thermoalgesic dissociation in cape-like distribution
upper limbs 4

- Spastic paraparesis if long
evolution

- Localization
- Cervical-dorsal
- Bulb: syringobulbia

- Ninth to twelfth cranial nerve
involvement

- Progressive neurological
deficits NEVER improve




Syringomyelia: causes

- Cranio-cervical junction
abnormalities

- Chiari type 1 malformation,
basilar invagination or other
cranio-cervical junction
malformations (80%)

- Foramen magnum tumors
- Meningitis, hemorrhages

o
Chiari type 1 malformation

c\‘ rinxcavi
5
rl;ral v b

- Spinal cord injuries
- Spinal cord trauma (5)% \ \
- Intramedullary hemorrhage <~ \\

2 )%
- Tumors, vascular
malformations

- Spinal cord arachnoiditis
+ Tuberculous meningitis

S

N

- -
C5 Verte
fractu

Y \%

- Hydrocephalus 1%

Spinal cord trauma
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- Symptoms
- The patient does not
notice hot and cold

water on upper limbs
when showering

- MRI

- Cranio-cervical
junction malformations
- Neurological (Chiari
type | malformation)
- Bony (basilar
invagination),...
- Tumors, spinal cord
trauma

- Helps to depict
syringomyelia cavity
extension




- Treatment

- Chiari 1 malformation = posterior
fossa decompression

« Tumor = tumor removal

- Post-traumatic = decompression +
duraplasty

- Arachnoiditis = syringo-
pleural/peritoneal shunt

- Hydrocephalus = ventricle-peritoneal
shunt

- Prognosis
- Stops disease but neurological
deficits not reversed

- Posterior fossa decompression =
good results

- Syringopleural/peritoneal shunt =
catheter obstruction = frequent
reoperations

Decompression Chiari 1 malformation

Syringoperitoneal

Syringopleural



SUMMARY CONCEPTS PEDIATRIC

PATHOLOGY SEMINAR

- Hydrocephalus
- Intracranial CSF increase
- Risk: brain atrophy, psychomotor retardation & blindness
- Valve selection appropriate to patient needs

- Craniosynostosis
- Simple = aesthetic defect

- Syndromic = other malformations
- Complex treatment

- Spina bifida
- Surgical repair needed
- Prognosis according to nerve tissue involvement
- Follow-up: due to post-repair scar, monitor spinal cord injury by retethering

- Cranio-cervical junction malformation
- Symptomatic Chiari type 1 = cranio-cervical junction decompression
- Syringomyelia = treatment cause N3




! ANY QUESTIONS?

vivava@uyv.es
pedro.roldan@uv.es
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