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Segmentation, Cleavage, and Midline Defects (s.
Malformations of Ventral Induction)

- failure of prosencephalon to grow into two symmetrical hemispheres and defects in region of lamina
terminalis.

HOLOPROSENCEPHALY

- failure of embryonic prosencephalon to separate into two cerebral hemisfiii@reseks of gestation
Y midline malformationof ANTERIOR BRAIN-SKULL-FACE.
1 INCIDENCE - 1 per 31,000 births.

ETIOLOGY

1) chromosomalabnormalitiegtrisomy 13 rarely, trisomy 18).

2) geneticabnormalitiesdtleast 2p21, 7936*, 18p11.3, and 21g22.3 may harbor genes responsible for
holoprosencephaly).

3) teratogenicfactors (incl.maternal diabetgs

*gene for autosomal dominant familial holoprosencephaly (HPE3) as human Sor
hedgehog homolog (member of family of developmesitaialingmolecules).

CLINICAL FEATURES

posterior fossa contents nor ma |
absence oforticospinal tractds common finding (consequence of severe malformation of cerebral
cortex).
1 spectrum oDISTINCTIVE FACIAL DYSMORPHISMS is part OfHOLOPROSENCEPHALIC MALFORMATION
SEQUENCHaffecting prechordal mesoderimportant in facial development)n descending order of
severity:
1) cyclopia- eye and orbits fused or in various states of incomplete separation; nose is absent;
agnathiamay also be present.
2) ethmocephaly- instead of nosgrobosciqc y | i ndr i c al p riopresebt@anda n c e
often located above incompletely separated, or severely hypoteloric, eyes.
3) cebocephalyimonkey head} nose now is between and below hypoteloric eyes, but there is onl
single blindly ending nostril.
4) premaxillary agenesisor aplasia of primary palate, associated with hypotelorism and often
midline cleft lip andpalate
5) milder facial dysmorphisrthypotelorism, flat base of nose, milder midline or bilateral clefting).
6) minimal forms(e.g. single central incisor).

= =4

\ Facepredictsbrain in holoprosencephaly spectrum\




wmun's NoTtes BRAIN ANOMALIES Dev7(5)

ALOBAR_holoprosencephaly(most severe formoften
spontaneously aborted)otal arrest of evagination &
invagination:

1) brain is small:

- hemispheres are completely fused as o
entity (holospheric prosencephalon
single hemisphere, single lobe).

- CorTEXnhormally sulcated (normal
histogenesis).

- basal gangliaandthalami are also fused.

- absentorpus callosumolfactory bulbs
andtracts

- ventricular systenwith single cavity (in
continuity with large dorsal cyst).

- hydrocephalugrevails (macrocrania in
spite of microcephaly!).

2) severamental retardatiorseizures, severe
motor impairments, poikilothermia,
endocrine insufficiencies.

3) severe facial malformations cyclopia,
cyclopia with agnathia, ethmocephaly,
cebocephaly, severe hypotelorism with
agenesis of primary palate amegdian cleft
lip and palate.

Normal sulci, no fissurek disorder of organogenesis!

Sour ce of pi <Thedntemet Pdihdlegh [Rlaotatory for Mediéad uc at i ono (by Edward C. KI at


http://library.med.utah.edu/WebPath/webpath.html
http://library.med.utah.edu/WebPath/webpath.html

BRAIN ANOMALIES Dev7(6)

of pi <Ttheer d . ntfeWentkeRatPrat hol ogy Labor at KlattyMD)y>r Medi c al Ed

SEMILOBAR _holoprosencephaly(less severeless reduction in brain volume):
1) interhemispheric fissure is partially formed occipitally
- frontal lobesare fused, buthalami are partially separated.
- still singleventricle (but there is indication of third ventricle).
- corpus callosurmay be partially formed.
2) variable degrees ahental retardation
3) less sever facial malformationsmicrophthalmia, coloboma, hypotelorism, nasalformations.

Skull is opened to reveal "semilobar" holoprosencephaly (small cleft representing attempt to separate hemispheres);
is no lissencephaly (no gyral pattern) because fetus was < 20 weeks gestation:

.
~

—

Source of pi<Ttheer d:ntfeWenleRatPlat hol ogy Laboratory for Medical


http://library.med.utah.edu/WebPath/webpath.html
http://library.med.utah.edu/WebPath/webpath.html
http://library.med.utah.edu/WebPath/webpath.html
http://library.med.utah.edu/WebPath/webpath.html

L oBAR holoprosencephaly

1) brain has generally normal volume aadthost complete separation into two hemispheres

- in depth offrontal lobes(medicorbital region) there is continuous cerebral cortex between
two lobes.

- falx is often dysplastic anteriorly but otherwise normal.
- septum pellucidums absent.
- corpus callosums absent or dysmorphic, at least anteriorly.
- ventricular systems well defined but may be dysmorphic.

2) normalintellect mild mental retardation.

3) mild (or absentjacial malformations.

DIAGNOSIS

1 INTRAUTERINE DIAGNOSISOf severe form$ ultrasound (lack of midline echo).

1 highrresolutionkaryotype analysis(x fluorescent in situ hybridization [FISH] analysis) with special
emphasis on chromosom@&s?21, 3p, 7936 13q, 18p11.3 and21g22.3is recommended in all cases.

1 coronal TtweightedMRI - bridging of cerebral cortex across midline.

MANAGEMENT

1 focuses predominately @eizure contral
1 surgical correctionof craniofacial malformations.
1 hormone replacemenerapy.

SEPTO-OPTIC DYSPLASIA

- absence o$eptum pellucidum+ optic nerve hypoplasia

7 additional features
1) lateral geniculate, hypothalamic, posterior pituitary hypoplasia.
2) cerebral and cerebellar dysplasia.

ETIOLOGY

a) locally destructive factors
b) mild end of holoprosencephaly spectrum.
1 most cases asporadic; however, there is existence of autosomal recessive form.

CLINICAL FEATURES

- considerable heterogeneity:
1) visual impairment (blindness + normal vision).
2) endocrine abnormalities(hypothalamiepituitary insufficiency)
3) seizures
4) cognitive developmenhay be normal!



DIAGNOSIS

1 coronal TEMRI - assess size of optic nerves and chiasm (diameter should be in same range as

diameter of carotid arteries).

MANAGEMENT

1 endocrine replacemenfrotocols.

AGENESIS OF CORPUS CALLOSUM

- develops during gestatiameeks 1120.

ETIOLOGY

A. Isolated malformation1 favorable prognosis!
B. In association with other malformations(e.g. holoprosencephaly):

T
T

Syndrome Characteristics
APERT
AICARDI
Oralfacialdigital Mental retardation, midline oral and facial defects, hand and finger

abnormalities, renal microcysts, cerebral migration defects
MILLER-DIEKER

NEU-LAXOVA Autosomal recessive; death in weeks; ocular abnormalities, everted |
short neck, ichthyosis, edema, limb deformities, lissencephaly and
cerebral, cerebellar, brain stem atrophy

FANCONI anemia Autosomal recessive, pancytopenia, skeletal anomalies (incl. radial ¢

Sensorimotor neuropath' Autosomal recessive; sensorimotor agenesis of corpus callosum,
and agenesis of corpus | neuropathy, dysmorphism
callosum

SHAPIRO Genitourinary and cardiatefects, mental retardation, hydrocephalus,
holoprosencephaly, episodic hyperhidrosis, hypothermia / hypertherr

Osteochondrodysplasia /Nonlethal rhizomelic osteochondrodysplasia, hypertension,
thrombocytopenia, hydrocephalus.

may be associated with specific chromosomal disorders (¢gpoBy and 18risomy).
growing number oinborn errors of metabolisnalso include agenesis* of corpus callosum (e.qg.
nonketotic hyperglycinemia, infantile lactic acidosis associated with pyruvate carboxylase deficienc
pyruvate dehydrogenase deficiency, adenyl succinate deficiency -SenilirOpitz syndrome,
Zellweger'ssyndrome, Menkes syndrome).

*corpus callosum shrinkage may be postnatal in origin.

PATHOLOGY



http://www.neurosurgeryresident.net/Dev.%20Developmental%20anomalies/Dev9.%20Cranial%20&%20Vertebral%20Anomalies.pdf
http://www.neurosurgeryresident.net/E.%20Epilepsy%20and%20Seizures/E9.%20Epileptic%20Syndromes.pdf

\

A. Complete agenesis
1 absentingulate gyrus(formation of cingulate gyrus is linked to callosal developmesitici
radiate down medial aspect of brain from dorsal surface teridgiy roof of third ventricle.

- normal cingulum is replaced by abnormal white mditerdle of Probst(running
anteroposterior just above lateral ventricle, where fibers of corpus callosum would
normally collect into commissure}his causes characteristic straightening (on axial
images) and bull's horn appearance (on coronal images) of frontal hdeitesr aif
ventricles.

1 widely separated and angulateral ventriclesin coronal sections; medial ventricular wall is
convex, and cavity is smalllqat -wing" contour).
1 anterior commissurgalso derived from lamina terminalis) may be absent.

B. Partial agenesis absence (to variable degrees)poftterior corpus callosuflipoma sometimes
occupies defect), with sparing of rostrum and genu.
1 cingulate gyrusis present only to extent that corpus callosum exists.
1 anterior commissuras usually spared.

CLINICAL FEATURES

I largely silenti patient has alternative pathways of information transfer, probably via intercollicular
connections and posterior commissutis¢onnection syndromenly rarely* may be discovered, and
only on careful neuropsychological assessment).
*vs. surgical callosotomy in adults Y
1 patients have higher incidencesafizuresandmental retardation reflects slightly higher
incidence of neuronal migrational abnormalities (but patients with mental retardation or seizur
are also more likely to undergo CNS imaging).

IMAGING

1) high riding third ventricl€i.e. upward extension of 3rd ventricle roof).

2y mar ked separation and par al baevingec)o.nf i gur

3) radial arrangement ohedial cerebral sulci

4) colpocephalyenlarged atria and occipital horns of ventricleégcause of lack of splenium
and white matter connecting occipital lobes).



v

1 MRI is far superior t&CT in diagnosing associated abnormalities.
1 PRENATAL detection withultrasound.

Incomplete genesis of corpus callosuifT 1-MRI): truncated genu and bulbous anterior body of corpus callosum; posterior
body, splenium, and rostrum are absent; cingulate sulcus is absent; medial hemispheric sulci radiate all way“down to 3
ventricle posteriorly, where corpus callosum has not formed:

ARRHINENCEPHALY

- absence oblfactory bulbs andtracts.

A. Isolated malformation - result from number of independent mechanisms (e.g. may be mild
manifestation of holoprosencephaly spectrum)
B. In association with other malformations(e.g. holoprosencephaly, Kallmann's syndrame)

Clinically - anosmia

KALLMANN 's syndrome- most common imen (female cases are rare
1) arrhinencephaly Yanosmia
2) gonadotropirreleasing hormone deficien¢y Yhypogonadotropic hypogonadism
I GnRH neurosecretory neurodsvelop in olfactory placode and migrate up olfagt
nerves into hypothalamus. also e
3) associated witimidline facial defect@ncl. color bllndnesscleft lip or palate), unilateral
kidney agenesis.
1 etiology- X-linked recessiv&ALIG-1 (Kallmann's syndrome interval gengdefect.
i KALIG -1 regulates adhesion proteins facilitating neuronal migration.
9 treatment pulsatile GhnRH (or hCG).



http://www.neurosurgeryresident.net/USMLE%202/Urogenital%20system%20(2401-2700)/2581.%20Male%20Hypogonadism.pdf
http://www.neurosurgeryresident.net/USMLE%202/Endocrine%20system,%20metabolism%20(2701-2800)/2738.%20Anterior%20Pituitary%20Disorders.pdf

BRAIN ANOMALIES Dev7(11)

COLPOCEPHALY

- disproportionatenlargement of occipital hormd lateral ventriclesabnormally thick gray matter with
diminished thickness of white mattghin poorly myelinated white matteresult of absence a@brpus
callosum).
9 associatedavith: partial or completegenesis of corpus callosy@hiari malformation,
lissencephaly, microcephaly
1 has been associated with chromosomal abnormalities stieboasy 8 mosaicandtrisomy 9
mosaic
1 few reports ofyeneticallytransmitted colpocephaly.

Clinically - seizures(early after birth, various degrees ahotor disabilities, cerebral palsy, spasticity,
visual defects(crossing of eyes, missing visual fields, and optic nerve hypoplastaerate to severe
mental retardation.

1 significant number of children suffer only from minor disabilities

1 not associated with increaskcP.

Imaging: ventricular systenhasunique appearance of crownlofg (i




No specifictreatmenexists

Neuronal Migration and Cortical Formation disorders

- disorders OHISTOGENETICperiod.

A one of most important mechanisms in control of neuronal migrati@uial glial fiber system
(guides neurons to their proper dittlom periventricular germinal matrix to corjex

ETioLOGY

a) variety ofinheritancepatterns (incl. various metabolic disordeZellweger's syndrome, etc).

> 25 human genetic syndromes are associated with malformations of cortical developme
b) sporadiqin uteroretinoic acid, methylmercury, radiatioviral infectiong

CLINICAL FEATURES

- seizuresandmental retardation (or lesser diminution of IQ)related to degree of cortical

disorganization (very severe WsSENCEPHALY + very mild or absent in small amountsNDULAR
HETEROTOPIA).



DIAGNOSIS

- MRI .

LISSENCEPHALY (s.AGYRIA), PACHYGYRIA (s.MACROGYRIA)

i sevee failure of neurons to migrate completely through developing white méattearkedly thickened
disordered cerebrabrtexandsmoothagyric surface
(LISSENCEPHALY andPACHYGYRIA represent spectrum of same diSordesSENCEPHALY -
diffuse bilateralPACHYGYRIA - focal or multifocal)

| Normalfissuresnosulcii disorder ohistogeneis! |

appear early in cortical neurogenesis (beginnirdit2 weekf gestation).
blurredjunctionbetween gray and white matter.

nodules of gray matter heterotofage common in white matter.

sylvian fissureis primitive in appearance: broad groove with absent or poorly formed opercula
(Afigure 80 sign).

1 remainder of brain is relatively spared.

1. Type |lissencephal fi c | a-exrénmely thickcortex (at expense of white matter) organized
into four abnormal layers.
i classically associated witfiller-Dieker syndromealthough autosomal recessive and
X- linked (Xg22) forms have been identified.

E R

MILLER -DIEKER syndrome(mapped to 17p13LISI genewith unknown function).

A classic facial featuresbitemporal hollowing, short nose with broad bridge and
upturned naregrominent (ong and thig upper lip, small chifmicrognathia) mildly
low-set and posteriorly rotated ears.
markedhypotoniai n neonat al sppsicquadrgaregisdbmanatesr |
seizured!! (neonatal seizures, infantile spasisnnoxGastaut syndromeEEG- fast
U andb-activity admixed with high-amplitude slowactivity.
profoundpsychomotor retardation deat h in first decade.
cardiac anomalie@0-25%), malesgenital anomalie§70%).
eyes and muscles unaffected (vs. type Il lissencephaly).

> > >

Isolated lissencephaly sequen¢27p13.3 microdeletions in significant number of cases)
A lack of distinctive facial features

2. Type Il lissencephaly( fi ¢ 0 b b | ecerébmirhentisphere imass sectiond one halfgray
matterand one halivhite matter(i.e. gray to white matter ratio of 1:1).
I occurs incongenital muscular dystrophieswith eye involvement
1) muscleeyebrain diseasef Santavuori
2) Fukuyama congenital muscular dystrophy
3) WalkerWarburg syndromés. cerebralocular dysplasia) most severe (high
proportion of neonatal lethality)



http://www.neurosurgeryresident.net/Mus.%20Muscular,%20Neuromuscular%20disorders/Mus5.%20Muscular%20Dystrophies.pdf
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Lissencephaly(MRI) - note absence of sulci and maldeveloped sylvian fissures associated with enlarged ventricles
(appearance of-8 month fetal brain*):

*fetal brain is smoottwith few if any developed suleimigrational malformations (as agyria) are
i mpossible to detect prior to 18 weeksd gest

POLYMICROGYRIA

i one of the most commanalformation of cortical developmeriailure of neurons to migrate normally
Y cerebrakortexwith excessive number afmallirregulargyri that appeafused(ratherfeatureless
grossly) with shallow intervening sulci.

il
T

time of appearance is later (than lissenceplhialy}-26 weekof gestation.

nonspecific naturemultiple PATHOGENESES& ETIOLOGIES- may be a malformation or as
disruption (espCMV infection); other causesin utero ischemiagenetic mutationge.g., WDR62,
NDE1, and TBR2).

PATHOLOGY

T
T
T

recognized afine stubbing orbrain surface(similar toMoroccan leather).

border between polymicrogyria and normal cortexlistinct.

gray matter is composed of four layers (or fewer), with entrapment of apparent meningeal tissue &
points of fusion of what would otherwise be cortical surface.

extent:



a) focal (unilateral, bilateral symmetric or asymme}rimostly seen in the perisylvian
region(incl. insula).
b) diffuse (multiple lobes).
1 can be associated with otleartical development abnormalities.

CLINICAL FEATURES

1 hemiparesisspeech and developmentiiays.
1 60-85% present witifocal seizures(mostly, childhood onset).
A most are refractorsegardless of the topography, extent, or laterality
A seizure types are multiplstétus epilepticus of sle¢BSES]may bea featurs.

DIAGNOSIS

1 small surface features are too small to be routinely seen radiologidé#figult to differentiate from
pachygyria(H: very thinMRI slices).

Hemimegalencephaly with diffuse polymicrogyria involving most of the left hemisphere:
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1 scalp EEGoften show diffuse epileptic discharges that poorly laterabizezarefocal onintracranial
ECoG1 epileptogenic zone may involve only a portion of the malformétion

N.B. despite extensive MRI abnormalities and broad epileptiform abnormalities on scalp
EEG,intracranial ECoG can provide additional localizing information for guiding
surgicalplanningd (not needed for hemimegalencephaly cases).

1 ictal SPECT shows hyperperfusion in PMG cortédEG may be useful as well.

TREATMENT

Good seizure reduction withSMs only but seizure freedom is very rare.

Resective surgery for medically refractory seizures well localized to region of polymicrogyria
1 aim to resect only epileptogenic zone and not whole polymicro{gsia in extended polymicrogyria,
close to eloquent cortex)
9 if there is no clear localization of epileptic foci on scalp EEBMG is adjacento eloquent
cortical areay implant subdural electrodes
i alternative- intraoperative ECoG + mapping
1 extent:focal foci resection + hemispherectomy.
1 outcome(Wang et al. 2015 12 surgical patients):
1 50% seizure freedom + 338%gnificant seizure reduction
9 predictors of seizure control:
I gross total resection or disconnect(imcase of functional hemispherectomy)
of PMG cortexs associated with improved seizure control
i location, focality, lateralitypresence of other cortical malformatipastent of
resection for other associated cortigalformations or intracranial ECoG foci
arenot knownpredictors of seizureontrol
N.B. complete resection of other cortical malformatisasnot necessarily
required for favorable seizure contmitcome



N.B. even in diffuse and bilateral lesionseizuregnay arise from focal regions within or
around the PMG surgical resectiomrmay provide significant benefit in seizurentrol

NEURONAL HETEROTOPIA

[heterotopiorfor singular, andheterotopiafor plurall

- groups of neurons fail to migrate fulyo t hei r ¢ o r tgioupsdinormdatappedrimgat i o n
neurongas collections of disorganized gray matterpain ininappropriate places
1 1520% of all MCDs.
1 from small, single nodules to multiple, large sibddterallumps
1 may beunilateral or strikingly symmetrical
1 cortex is generally well formegrossly (occasionally, overlying cortical malformatidmuit
functionally abnormal (has EEG spikes).
i large lumpy NHsnay beassociated with cortical dysplasia graymicrogyria
T Ahet er o tideedrawopigpdlongsvah other developmental abnormalities (FCD,
polymicrogyria, etc).

b) SUBEPENDYMAL / PERIVENTRICULAR NODULAR heterotopia (PVNH)* i most common form of
heterotopiasgroup of neurongils to migrateat all from germinal matrix are¥ n e urengaim s
periventricular(single ormultiple bilateral gray matter nodules in walls of lateral ventricles).

*s. malformations with neuroependymal abnormalities

"hilateral periventriculannodulan heterotopjai'(BBNK))-fic | assi co form i
are diffuse and contiguous, bilateral and symmetric and predominantly foanc:m
of both lateral ventricles.
i X-linked disorder described mostly in females
I majority have mutation ifilamin A (FLNA) gene(vs forms are FLNA
negativeandoften associated with cortical malformations includiocpl cortical
dysplasia, abnormal gyratiopplymicrogyria, hippocampal abnormalities, colpocephaly,
and cerebellar or midbrain tectum abnormaljties

C) SUBCORTICAL BAND heterotopia - late waveof neuronal migration is halted after cortex is fairly
well populated r easonabl y nor mabtorticpstripe ofasurdns.s ul ci ) VY
I fAdouble cortexd - more or less continuous layer of gray matter lying in the white matter
beneath and parallel to the cortex
part of thdissencephalgpectrum
found predominantly ifemales
result from a mutation idoublecortin gene
diffuse nature and usually multilobar distributigacal surgical intervention is not a
treatment of choige
*sometimes subcorticalodules(not bands) may formsubcortical nodular
heterotopigSNH) ; some nodul es may be 0gi

1 glial heterotopiais often found in leptomeninges overlying cortical anon{plsque ovebrain
surface.



ETIOLOGY

a) sporadic
b) familial (mapping to different regions on X chromosoragy. Xg22 in band heterotopia, Xq28 in
nodular heterotop)a
i affected males show mosevere brain malformations (incl. lissencephaly).
c) part of more complex syndrome (e.g. Aicardi syndro@mith-Lemli-Opitz syndromg

CLINICAL FEATURES

1 main presenting featuie seizuresof various kind90% are drugesistank.
i onset can be frorohildhood (most commonly) to adulthood.
I no correlation to size and number of nodules.
N.B. even small heterotopi&an cause drugesistant epilepsy!
N.B. there is no correlatiobetween thextensiorof malformation and severity
(seizure frequency, number of antiepileptic drugs, and cognitive impairment) of the
clinical picture
1 motor impairmentandmental retardatiomay coexist (esp. in band heterotopisnd thickness
correlates with ultimate neurologic outcome
1 small heterotopias may lasymptomatic

DIAGNOSIS

- extremelyhigh-resolutionMRI (7T MRI can show many more heterotopias)
1 excellent sequencestP2RAGE

Baloked velaseithedisn (2010 zanterior,fposterior, diffuse. ( 20 1 2)

1 for proper counseling, mother of child wglhAND HETEROTOPIAShould undergo MRI even if
asymptomatic.

Most important questions:
(1) Does a nodule generatpileptic activity?
(2) In the case of multiple nodules, which nodules participatgeireratingepileptic activity?

(3) Which part and to what extent thertex is contributing to generatiegileptic activity?
(4) How complexis the epileptogenic network?

MRI
Bilateral periventricular nodular heterotopia



Band heterotopia(T2-MRI) - band of gray matter beneath nearly normal cortex:
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ScaLp EEG

Interictatl from silent to focal to contralateral or diffuse discharges.
Ictal: regional or hemispheric changes usually ovetdbe or regiorwhere PNH are located

SOURCE LOCALIZATION

N.B. noninvasive studies can rarely provide sufficient informaticemtower above questions (i.e.
delineate EXi SEEG is needed!

Best studies to define EZ noninvasivdiynctional connectivity analysis + EEf™MRI

MEG is disappointing
1 epileptic discharges generated in deep nodules do not result in any visible dischscgh &EG
because they are far and of low amplitedsource analysis of scalp EEG (ai&G) cannot be
expected to find a source in a nodule
I MEG may be less sensitive to detect magnetic field generated by
heterotopiadue to itsdeep location + nonlaminar neuronal organization
that generates weak electrical/magnetic field

High-density EEGis disappointing

Simultaneous EEGfMRI is the best noninvasive study!

9 combines scalp EEG (good temporal resolution) and fMRI (good spatial resoligiosyful for
invedigatingthe involvement of deepeated noduteand cortex.

PET
1 heterotopia may bleyper-, iso- or hypo- metabolic.
Mirandola: (2017)1 20 patients



T 61.5% nodules ismetabolic, 38.5% hypmetabolici but no correlation
with ability to generate seizures!
i differences in 1§DG uptake werebserved not only among patients but
also among different nodules in the same patient.
i 61.5% had hypometabolism in ipsilateral anterior mesial temporal region.
Popescu((2019)
i nodulesdemonstratingnetabolism (isq hyper, or hypa) are, in the
majority of the cases, showing concordant seizure onset on SEEG (21/23,
or 91%, nodules with deteatile electric activity on SEEG were identified
by PET)
vs. noduleslemonstratingio metablism are less likely to show
ictal discharge on SEEG (5/8, or 62.5%, without electric activity
showed no metabolism on PET).
i hypometabolimodules significantly correlated with worse outcome after
surgery.
Metabolism is bad, especially hypometabolism.

CONNECTIVITY STUDIES

Resting state fMRI
1 can detect functional connectivity between nodules.
1 strongly connected nodules are more epileptogenic than the others.

DTI
T I'talian school ( A Cl a uidDTlas akhask shaws connedtign itolthe pogex. ¢

SEEG, TREATMENT

Fordrugresistant epilepsy surgery

N.B. heterotopia can betrinsically epileptogenicwhereas some heterotopias sifent(yet may
participate inpathological or even physiological netwoyks

Therules:
1. Heterotopiaare not always epileptogenic
2. Cortex always contributeimd some way or another to epileptogenicity, in spite of the fact that
sometimedeterotopisseem to be the main epileptic generator.
3. Cortices(incl. hippocampixan be dysfunctional while theeterotopia can be a partiofportant
functional circuits

Heterotopia play roléen epileptic activity:

A. Heterotopia aréhe main epileptogenic regi@nd can generate interictal and icetivity, later
spreading to cortical regior¥s complete destructioof heterotopialeadsto the reductior cessation
of epileptogaeicity.

B. Heterotopia providéridge for pathological communicatitsetween brain regior(gberrant
connections between heterotopia and cortical structumgdify and synchronigzactivity Y
widespread epileptogenic netwoyké key cortical regions, often extended, and maybe together with
heterotopia, need to be removed




Cortex can be epileptogenic
and dysfupctional
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<< Epileptogenic heterotopia |~/
and aberrant connections

74 Epileptogenic and dysfunctional cortical structures
‘ Epileptogenic heterotopic nodule

O Non-epileptogenic heterotopic nodule

Just PVNHI SEEGguidedstereotacti@blatiorr (open lesionectomy is not an

optiort* ).

More extensive abnormaliti@sSEEGguidedresection.

*RF, LITT, FUS, SRS
**reports exist ofcleaning gray nodules from inside ventricular view

N.B. currently available FUS system with a treatment envelope limited to
approximately 3 cm from the mid commissural point is less suitable for ablation of
PNH or cortices beyond this envelope.

Defining extent of EZ with SEEGappears critical, as more extensive ablations or resections may be
needed
a)i sol at ed hsurfgiealerctsionfeasiy siccéssible nodulgshermoablation (i.e. if
patient has solitary nodulis behavior is unpredictabieOK to do LITT without icEEG but
prepare patient for potentiglmore than one surgety)
bydi ffuse bil ater al b and cdiesdtoeny/ thermophilatos/ (Y dr o
neuromodulation.

*heterotopia connect {@linical activity manifests after electrical activity from heterotopia reaches
these areas):

a) associatedortex(ictal discharges originate in heterotopia or/and associated abnormal cortex)
b) mesial temporal structurésnplant it!) i especially posterior nodular heterotopias.

N.B. heterotopias frequentlypart of a larger epileptogenic netwbrk

A success of resective surgery is strongly related to identification of these pathologice
networksusing SEEG.



A epileptic networks ardifficult to predicteven in patients with analogous
neuroradiologic pictures.

A in patient with multiple nodular heterotopiasme nodulesnight be active and able
to generate seizures, whereas ottatules do not.

A while some cases with unilateral malformations may benefit from removal of nodule
alone, other patients may require resection also of extralesional cortical areas to
obtain seizure freedam

A pseudetemporal epilepsy is commirdespite electralinical features suggestive of
TLE, patients rarely(never)benefit from astandardtemporal lobe surgery i.e.
nodules are not innocent bystandansl most be includéd

SEEGfindings
Complex anatomdunctional networks are implicated in generation of epileptic discharges!

Cortical hyperexcitability andaberrant connectivity with heterotopic nodule(s)are likely the
meclanisms resulting in epilepsy

1 heterotopic nodules(s) cgenerate botimterictal andictal epileptic activities

Interictally
1 heterotopia can appear quiet for a certain period and become active wittea budst of spikes

or fast discharges.
o interictal discharges in the nodules ke in amplitude(most likely due to the nonlayer
neuronal organization in the nodule; few neurons are paralleled and synchronized
o0 dysplastic cortex (visible or not on MRI) may show continuous rhythmic epileptiform
discharge.

Seizure
1 ictal discharges may arise from
c) most frequently simultaneously from the NH aridnctionally connectedortex or
mesial temporal structures
d) heterotopic tissualone(may besimultaneous in multiple nodules)
e) rarely- distant cortical areas without involvement of heterotopic tissue
1 low-voltage fast activitys the most commoictal onset pattern found within heterotopic nodule
followed byrhythmic spiking
1 simultaneous involvement of multiple nodules at seizure onset also is not an uncommon finding.

Mirandola: (2017)71 20 patients:
I nterictal epileptiform activity was recordeth from electrodes placed inside

0 peculiar activity characterized lopmplete absence of physiologic rhythaesy frequent
small amplitude spikeand wave with angulamorphology and sequences lmiw-voltage
fast activity, appearing dissimildrom the epileptiform activity recorded in other
pathologies, such as focal cortical dysplasias or other MCDs.

0 activity was usuallyasynchronouswith the overlying cortex during wakefulness, and often
among nodules of the same patient, but tends to become more synchronous during sleep



Wakefulness Sleep
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Seizuresbegan

a) 73%simultaneously imodule and functionally connectexbrtex (frequently
overlying cortex)

b) 20% in heterotopia

c) 7% fromcortex alondmaybe distant!).

o in all seizures &te involvement of bothnodules and cortex was observed.

*some studies show simultaneous ictal onsets in all nodules (even bihemispheric)

**in PVNHSs coexisting along witkomplex cortical malformationsfih et er o't
p | u, Betejotopia alone was never found as sole trigger of semudeRFTC was
never curative; i.e. need more complex resections)

SEEG stimulation

1 direct electrical stimulation in heterotopic nodules induces seizures in some but not all .patients

SEEGstrategyi sample:
1) presumed activeodules

MP2RAGE MRI shows nodules well with high contrast!

2) overlying cortex (be aware of aberrant connectivity)
3) extralesionahreas of (immediate) propagatiorn(esp.mesial temporalstructures in
posterior nodular heterotopias)

N.B. topography and puti@e connectivity of heterotopion has to be correlated with
seizure semiology and EEG findingsconstruct implantation scheme (as it is
impossible to implant all of multiple nodules and all cerebral cortex)

4) thalamic nuclei
1 one electrode may not be enough for large nodules

Milan (Italy) schoolalways exploreseterotopias (anextralesional areasvith SEEG followed by
radiofrequency thermocoagulation(RFTC) through same SEEG electrodeseported76% efficacy
(67% seizure freedom rate:

‘IT

1
1

if RFTC is planned, presumed seizure onset zone is usually SEEG implanted more
densely (adjacent electrodes < 1 cm apatrt, to allow conformation of the RFTC lesion).
sometimes enough ablate just a part of nodule.

Mirandola: (2017 7 17 patients76% Engel | after RFT@ith no complications.

seizure reduction after RF ablation predicts good seizure outcome after resection of
ablated regiorfbut it is infrequently possible given location of NH).

even if cortex is involved in EZ but often is enough to RF critical hub in($ghheed

SEEG to find critical hup

A. T1 MRI demonstrating bilateral tempeozcipital PVNH.


http://www.neurosurgeryresident.net/E.%20Epilepsy%20and%20Seizures/E13.%20Intracranial%20Electrodes.pdf#RF_TC_for_MCD

BRAIN ANOMALIES Dev7(25)

B. Postoperative T1 gadoliniuriaser ablation of mesial temporal lobe and adjacent PVNH with 2 fiber trajectdyies.
Ablation of PVNH.D, Ablation of mesial temporal lobe.

Prof. Cukiertthinks RF does not work for PVNH; he thinks RF helps with proof of concept when
planning neuromodulation. "Anything you do in the brain may decrease seizures"

RNS for PVNH - 8 case seriesapprox 84% responder rate (2 sz freeg lead in PVNH, anotherin
hippo or cortex

OUTCOMES

1 better seizure outcomes have been obtainediiateralheterotopies compared idateralcases
N.B. patients can have other heterotopiamst likely going to need to stay orsMs lifelong.

FOCAL CORTICAL DYSPLASIA (FCD)

- lies at the milder endf the spectrum of neuronal migration disorders



GENETICS

1 some evidence supports a genetic basis for FCD or at least a genetic contribution to its pathogenes
some studies show postzygotic mutations are involved
1) brainsomatic variants at variable levels of mosaicism* have been identified in several gen
(AKT3 DEPDCS MTOR PIK3CA RHEBandTSC1/2 within themechanistic target of
rapamycin (MTOR) signaling pathwayin individuals with FCD Il (>50% of FCD Il are
caused by variants in mutational hotspotMinOR PIK3CAandAKT3genes)
*mosaic level is low (< 5%)

Mosaicism

Lee et al Neurology 2020

v—

mTOR variant confined to
bottom of sulcus

Bottom
of sulcus  «

PATHOLOGY

- disruption in laminatiomnd columnaorganizatiorpatterrs (architectural abnormalitiy maloriented
neurons in inappropriate laygiacluding layer 1 and white matjer

More severe forms of FCD are characterized by the presence of abnormal neuronal elements

1) immature neurons- round homogeneous cells with large nuclei

2) dysmorphic neurons- accumulation of neurofilaments within cytopla¥mdistorted cell body
axon, and dendrite morphology

3) giant cells- increased in size but are normal in shape and do not show accumulation of
neurofilaments

4) balloon cells(hallmark of FCD although they are not present in all patigntosinophilic
cytoplasm and eccentric nuclebsth neuronal and glial characteristiegact role of balloon cells
in production of an epilepsy phenotype is unknown



Abnormal Abnormal Dysmorphic Balloon Associated

radial tangential neurons cells with other
cortical cortical pathology
lamination lamination
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Abnormal cortical architecture/lamination
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Ma | « Heterotopic or hypertrophic = Hippocampal
neurons in different sclerosis

patterns across llla variants

b Hypertrophic neurons Glial or
glioneuronal
tumor

e | « Hypertrophic neurons Vascular

malformation

mnd =« Hypertrophic neurons Pathology
acquired
during early
life®

LAE, International League Against Epilepsy

Type |- no abnormal cellsare presenti.e. no dysmaphic neurons or balloocells).
Type IA - isolated architectural abnormalities, usuélyninar or columnar disorganization
Type IB- also characterized by architectural abnormalities, but giant cells or immature neurons:
also seen.
Type Il - abnormal neuronsare found lprain feels firmer on palpation)
Type lIA - there arelysmorphiccellsbut no balloon cells.
Type IIB - bothdysmorphiccells andballooncells are found.
Type llI'T associated pathologig present.

CLINICAL FEATURES

- various types ofeizuresin childhood (but can be delayed into adulthood and can be as early as
infancy*).
*e.g. onset during first few days of life as Early Infantile Epileptic Encephalopathy (EIEE
1 most frequen{50%)anomaly found inmedicallyintractable seizureEEG- focal very high
amplitude rhythmical activity.
*other EEG patternss(ich as focal abnormal fast actiyibave no
predictive value for focal dysplasia

Type | FCD can be clinically silefftound in 1.7% of healthy braipsr havecognitive impairment
instead of epilepsy



Type Il FCD- brain-restricted somatic variants in genes of the mechanistic target of rapamycin signalin
pathway cause focal epilepsies

DIAGNOSIS

Genetic analysidor somatic mosaic mutations.g.tissuefrom removedSEEGelectrodes

MRI (sensitivity 60690%, i.e. brain MRI looks normal in 1/3 of patients
2) focal abnormafyral corticalthickening
1 small FCDs are preferentially located at tiétom of deep suleireview of sulci
anatomy is crucial.
1 there is softwaréor automated FCD detection:
3) corticaldimple
4) blurring of corticakwhite matter junctiorfreduced demarcatipn
5) transmantle sigh funnelshaped signal extending acredsite matter from lateral
ventricle tocortex harborind-CD (evident on T2 andlFAIR after contrast adjustmerit)
generally associated with type lIb.
6) signal changefT2/FLAIR hyperdensity of gray and subcortical white maftdr,
hypodengy of subcortical white matter)
7) atrophy of thewvhite matter coréup to hemispheric asymmetry).
8) remodeling of skull inner table.
1 T1 sequenceshould includeD volume using thin ({11.5 mm) partition sizaith imaging in coronal
pl ane Y vol ume eachsgyrusésfarmlyzetkirt ptaees pardllel and perpendicular to its
axis- complete cortex should be assessed (thickness, demarcation from subcortical white matter)
very timeconsuming bushould be undertaken in every case of suspected cortical dysplasia.
MRS showslow choline pealandhigh NAA peak(vs.low grade gliomas the opposite)
FLAIR and DTl show subtle subjacent white matter changes.

E |

Transmantle sign


http://www.neurosurgeryresident.net/E.%2520Epilepsy%2520and%2520Seizures/E13.%2520Intracranial%2520Electrodes.pdf#Mutations
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I2-w FLAIR

Wang et al. 2020

A-C. Three examples of FCD type llb with varying dexg®f the transmantle sign.
D. FCD type lla withthickened cortex and hyperintensity onwgighted FLAIR.



Focalcorticaldysplasian the left parahippocampal gyrus (arrow 1) and occipitotemporal gyrus (arrow 2). Cortical thickening,
increased signal in the subcortical white matter, and blurring of thevwgrig margin are @gpreciable in these two regions:



Cortical dysplasia and heterotopf Coronal T2; B. Coronal T1; C. Axial reformatted from coronal 3D volume acquisition.
- right-sided temporoparietal abnormality widlgsmorphic grey matter extending from ventricle to brain surface (abnormality
extends along lateral wall of right ventricle with subependymal heterotopic grey matter):

Heavily T1-weighted (IR) coronal scafleft temporal lobe Areas of dysplasia (white areas) most prominent in left
with very thick cortex &rrow), without sulci and poor posterior hemisphere:
demarcation ofvhite matter:


http://www.amazon.com/gp/product/0443101639
http://www.amazon.com/gp/product/0443101639
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Source of picture: Ronal d G.
Al'l' i sonds Diagnostic Radiolog
4" ed. (2001); Churchill Livingstone, Inc.; ISBIB: 978
0443064326 >>

Automated FCD detectiofl tools

Cortical Ribbon Extraction @ FreeSurfesutomated cortical thickness analysis
MAP18 - David et al., Epilepsia 2021

deepFCD Gill et al., Neurology 2021

MELD FCD detection - Spitzer, Ripart et al., Brain 2022

e o o =2

Two major issues (MELD FCD Project addresses those):
1. False positives
2. Uncertain ground truth difficulty maskingsubtle abnormalities

Outstanding challenge in FCD detection 1 - False Positives

Subject 1 Subject 2

Y4

e
AN

W4
v 35

Prediction SO ] MELD FCD detection
Overlap — ~ 4 Spitzer, Ripart et al., Brain 2022

Ground Truth

True Positive _

Rate (TPR) = |G . : MAP18: David et al., Epilepsia 2021

TR 0.03 |
PPV 002
DICE 0.02

Positive
Predictive
Value (PPV)

deepFCD: Gill et al., Neurology 2021

TPR 035 |*~
PPV 0.08

DICE 012 TN Walger et al., Epilepsia 2023



http://www.amazon.com/gp/product/0443101639
http://www.amazon.com/gp/product/0443101639
http://www.amazon.com/gp/product/0443101639
http://www.amazon.com/gp/product/0443101639
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7% op parents and patients

we asked were worried about
inaccurate predictions.

The Al opten pinds multiple
suspicious areas in the brain, which
MUST be carepully reviewed by
expert radiologists.

Our aim is that the Al can assist
radiologists to pind the right area op
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Solutioni usewhole-brain (of particular patient) contetd improve specificity

Subtle MRI lesions are hard to mask
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TREATMENT

134

124

114

1.04

0.9 4

average absolute z-score

0.7 1

—— Cortical thickness
Grey-white contrast
Intrinsic curvature
Mean curvature
Sulcal depth
FLAIR GM 75%
FLAIR GM-WM
FLAIR WM 1mm

NN

- surgical extirpation of epileptogenic lesion.
1 high likelihood ofpharmacoresistance

If failed one ASM odds ratio that 2! ASM will work is 1:346
earlier surgical interventionrmay improve overall developmental prognosis
multifocalityis not cantraindication- major focusextirpation may result in overathprovement of

1
1

seizure control; H: SEEG + Riblation

Role of SEEGadd stimulation to induce seizures to increase certainty):
1 normal appearing MRI (1/8f patients with FCI»

geodesic distance from lesion (mm)




1 sampling from difficult to access areas ideally suited for L{if patient has
solitary FCD, behavior of it is unpredictabl®K to do LITT without icEEG but
prepare patient for potential more than one surgery).

1 FCD type 2 stimulation has large response butfuoctioni can be removed
even in Rolandic cortef.e. has no function can resect in eloquent argas

Resection

T
T

= =4

instead of ECoG with grid, considBEEG electrode intraopto tailor/ guideextent of resection.
start withFCD core resection(you know it needs to go), then check flanking SEEBCoGfor
remaining spikegbecause some transmitted spikes may disappear and are does not need to be
resected).
type 2 FCD (vs. type 1) brain feels firmer!; intraop US helpd
if possible, resect all accessible FCD (even if not involved on SEEG or grid recoiidthgg)tend to
activate later after resection of other EZs (e.g. resecting epileptogenic cavernoma).
complete lesion resectiolis the most important factor for complete seizure control.
N.B. it is important to recognize that regionshaftological FCD may extend beyond the
abnorméareas identified on MR imag#dt is paramount to havietracranialECoGgrids
to determine the extent of resection
When the results from published surgical series were combined, 60% of patients with FC
experienced good seizure control afesionresectioh
partial FCD resectior(e.g. due to overlap with eloquent cortex) may worsen seizures.
N.B. postoperativetatus epilepticubas been reported in cases
with incomplete resectioof focal cortical dysplasia
multiple subpial resectionsi if cannot beesected due to functional consideraticternativel
thermocoagulation (SEEGguided RF oLITT) or RNS.

OUTCOMES

E g ] =

resectiorachieves 5/0% seizure freedol{®8% in FCD type |; 69.4% in FCD type II).
Lamberinketal. 2020

LITT (in surgically inaccessible areamhieveD50% seizure freedom
SRSachieves33% seizure freedom
RFTC performed via existing SEEG electrodeseizure freedors low (approximately 18%

HYPOTHALAMIC HAMARTOMA  (HH)

- rare(0.5/100.000xongenitanon-neoplastidesions of ventral hypothalamus composed of
phenotypically normal clusters of neurons with abnoreg&dlogical architecture.

GENETICS

Mutations in the Sonic hedgehog (SHH) pathway have been described in non-syndromic patients and
GLI3 pathway mutations occur in Pallister-Hall syndrome (+ polydactyly or syndactyly, bifid epiglottis, imperforate anus
and renal malformations)


http://www.neurosurgeryresident.net/E.%20Epilepsy%20and%20Seizures/E11.%2520Epilepsy%2520-%2520Surgical%2520Treatment.pdf#USE
http://www.neurosurgeryresident.net/E.%20Epilepsy%20and%20Seizures/E13.%20Intracranial%20Electrodes.pdf#RF_TC_for_MCD
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CLINICAL FEATURES

SEIZURES

1 gelastic seizures burst of mechanical laughter with retad consciousness.
1 how HHs cause seizurédy proximity to mammillary bodie@.e. more posterior hamartormavorse
epilepsy).
N.B. there are case reports when HH was not involved in seizures.
1 development ofecondary seizure typdae to kindling (38% patients).
HH is prime example of causirsgcondary epileptogenic fo@an they be
independent? maybe so)

Longer epilepsy duration, more seizure types are present:

Clinical feature Gelastic only Multiple seizure types Significance,
P-value

Number of patients 32 68

Age at time of imaging 68.2 months 179.0 months <0.0001*

Gender (% Female) 41 41

Treatment-resistant epilepsy (%) 100 100

Age at seizure onset 8.5 months 12.2 months 0.33*

Duration of epilepsy 61.3 months 167.1 months <0.0001*

Daily seizures (%) 91 88

Anti-epileptic drugs at time of imaging 1.4 2.0 0.001*
[ Developmental delay/cognitive impairment (%) 28 50 0.052**

History of central precocious puberty (%) 25 21 0.62**

The two groups were not influenced by dimension or location of the HH
The only different parameter is duration of epilepsy (p<0,001)

BUT patients with IQ<70 (and also with precocious puberty) have:
- larger volume lesion (p<0,041),

- vertical area of attachment (p<0,008)
Parvizi, 2011

1 50% developrogressive cognite and behavioral difficultie@.g. aggressiowith rage attacksand
widespreactncephalopathfY maybe bigger problem than epilep
1 endocrinopathies

CLASSIFICATION
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TYPE Il

TREATMENT

1 seizuredifficult to control with pharmaceutical therapy aloie surgery.
1 Italians recommend operate early and not to waste time with SEEG.

SURGICAL PHILOSOPHY

Pending read:

Neurol Med Chir (Tokyo) 43, 61 ~ 68, 2003

Disconnecting Surgical Treatment of Hypothalamic
Hamartoma in Children and Adults With Refractory
Epilepsy and Proposal of a New Classification

Olivier DELALANDE and Martine FOHLEN

1 HH is not a tumor do not need to remove / ablate the whole HH
1 HH haveintrinsic epileptogenic activity (seizures are NOT generated due to mass effec)ugh to
disconnect it from the netwolkypothalamus)
*electrographically (SEEG) similar to FCD type 2
Seizure ecurrence after HH surgerynake sure disconnection is complete
Disconnections have the same seizure outcomes but better safety profile than resections!

Similar concept shift: he\mispherectomy
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Acta Newrol Belg (2015) 115:233-239

Role of the hypothalamic hamartoma in the genesis of gelastic fits DOI 10.1007/s13760-014-0374-2
(a video-stereo-EEG study) ORGINALARTICLE

C. Munari **, P. Kahane *, S. Francione °, D. Hoffmann *, L. Tassi °, R. Cusmai *,
F. Vigevano °, B. Pasquier °, 0.0. Betti ‘ Acute intralesional recording in hypothalamic hamartoma:
b fology 95 (1999) 154-160 B dJeseription of 4 cases

" Nicola Specchio - Michele Rizzi + Marina Trivisano « Lucia Fusco « Erica Rebessi «
Simona Cappelletti - Luca De Palma - Flavio Villani + Alessandra Savioli +
1Alemndro De Benedictis « Carlo Efisio Marras « Federico Vigevano « Olivier Delalande

——1

Intrinsic Epileptogenesis of Hypothalamic
Hamartomas in Gelastic Epilepsy

Ruben Kuzniecky, MD,* Barthon Guthrie,t MD, James Mountz, MD, PhD,t Martina Bebin, MD,§
Edward Faught, MD,* Frank Gilliam, MD,* and Hong-Gang Liu, PhD}

HH 3-Rat WA\ L Tl

= INTRINSIC EPILEPTIC ACTIVITY

Alessandro De Benedictis 2024

Seizures spread through mammillothalamic tract:

Alessandro D@&enedictis 2024

COMPARISON OF SEIZURE OUTCOMES
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Resections and Dlsconnectlons have the same SeIZUFE outcomes

N/  SEIZURE OUTCOME " DISCONNECTION
<z e SR ME
Bambino Gesu ) RESECTION
|

OSPEDALE PEDIATRICO

mmmmm
' 1

m
/!’5, m

Alessandro De Benedictis 2024

Hypothalamic Hamartoma related epilepsy: A systematic review exploring
clinical, neuropsychological, and psychiatric outcome after surgery
Concetta Luisi *, Licia Salimbene *, Nicola Pietrafusa *, Marina Trivisano*, Carlo Efisio Marras",
Alessandro De Benedictis”, Daniela Chiarello *, Mattia Mercier *, Chiara Pepi *, Luca de Palma’,
Nicola Specchio ™

Epilepsy & Behavior 157 (2024) 109846

% of patients

80%
70%
60%
50%
40%
30%
20%
10% -
0%

Totalof OpenMS ES
patients

Alessandro De Benedictis 2024
MS T microsurgery; E$ endoscopic

LITT andRFTChave best outcomeSRSi worst outcomes:



V.mm«’g NoTtes BRAIN ANOMALIES Dev7(39)
Seizure outcome ) )
Sample size | Proportion (%)
Microsurgery —— 126 58.73
Endoscopy —— o At
Radiosurgery —— z 354
RFTC + 232 72.41
LITT B 29 75.86
Ei 568 60.43
et 568 58.42
Test for heterogeneity
T T ————— Q 41,5983
02 03 04 05 06 07 08 O i .
Proportion Significance level | P <0.0001
12 (inconsistency) | 90.38%
95% Cl for 12 | 80.46 to 95.
Rizzi 2024
Best results wittype 2 worst withtype 4hamartoma:
60,6%
60%
36,0% 54,2%
50,0%
50%
42,9%
2
.g 40%
®
Q
S 30%
R
20%
10%
0%
Total patients Type | Type ll Type lll Type IV
Luisi 2024
Longer duration of epilepsgy wor se sei zure outcomes (Ati me

S
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Time is Brain?

Total n=15 ‘
- - - \X

/

®class 1
A class 1 class 2 class 3 class 5 .S ILAE classification
"class 3
®class 5
Subgroup 1: <10 years Subgroup 2: 11-20 years Subgroup 3: >20 years

n=5 n=5 n=5
B

COMPARISON OF OTHER OUTCOMES

1 cognitive ancheuropsychiatric profiles tend to improve after surgery (72% and 80%, respectively).
1 patients with good presurgical functioning tend to decline (esp. with more invasive open surgery).

Scholly 2017

RESECTIVE SURGERY
1 20-54% seizure freedom

1 significant operative morbidityitransient hemiparesis-@%), hormonal disturbances-53%),

weight gain (1159%), longterm memory impairment {83%), optic tract injury (3.0%), stroke (15
31%), and death {20%).
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f

OPEN RESECTION

= TRANSCALLOSAL
INTERFORNICEAL

= ORBITO-
ZIGOMATIC

Frontal
lobe

Alessandro De Benedictis 2024

RNS

reports of RNS implantation into thalamus.

- some experts think it isteeatment of choicéothers sayUSis going to replace LITT for HH

Technique
1 complete ablationf the lesion is not necessafgcus should be on disconnection of the epileptogenic

1
1

network(other experts say LIT@&blate entire lesigrvs. RFTC is used fatisconnectioh

Do not overablate (high risk area@nough just to disconnéct
stagedapproachwith multiple ablationgesp.larger hamartomasallowsadequate disconnection of
hamartomavhile mitigating risk to surrounding structures

o hilaterally attached HHs often do not require a bilateral approach for adequate functional
disconnection.

o0 restingstate functional MRI (MMRI) shows promise in elucidating the functional
connectivity of HHs and providing targets for disconnection

critical nearby structurediypothalamusfornices,mamillary bodiegtry to preserve uninvolved MB!)
mamillothalamic tract, cerebral peduncles.

experts prefetransventricular trajectoryi better covers HH axis, avoids motor tracts.

Safety markers:



LOW TEMPERATURE (472C)
= QOptic tract
= Mammilary bodies
= Controlateral hypothalamus
* |nternal capsule
* Midbrain/pons

Need 13 laser fibers:

Outcome
O Curry (2018) 93% SF in 70 patients
O Xu (2018):
* 18 patients
» 73% SF after one year
* 93% SF after repeating MRIgLITT
U Candela-Canté (2022):
* 11 pediatric patients
* 54% SF after first ablation
* 93% SF after retreating the 4 failed patients
U Candela-Canté (2024, unreported data):
* 22 pediatric patients
* 68% SF after first ablation
* 82% SF after reintervening (mild gelastic)
* F-up of 2 months- 5 years

Complications
i transient neurologic deficiis39-50%

9 seizures may worsen for8Bdays due to edema (H: steroids).



\

0 Xu (2028): 39% (7/18) incidence of neurological deficits (71% in peds):
* Contralateral strength deficits (2)
* Unilateral Horner’s Sd (2)
O Candela-Cant6 [2022 + 2024 (unpublished)]:
* Postoperative edema (24h) with memory impairment in 5 & fever in 3
* Trajectory ablation due to insuficient water cooling in 2
* Hyperphagia (2) and somnolence (1) due to hypothalamic injury
* Oculomotor iii paresis in 2
* Panhipopituitarism in 2
* Asymptomatic mesencephalic peduncle edema in 3

\|

Technique

#« Robot-assisted, real-time, MRI-guided laser interstitial
thermal therapy for pediatric patients with hypothalamic
hamartoma: surgical technique, pitfalls, and initial results
Santiago Candela-Canto, MD, PhD.'* Jordi Muchart, MD ** Alia Ramirez-Camacho, MD,*

Victoria Becerra, MD, PhD,'* Mariana Alamar, MD,'* Anna Pascual, MD,* Carolina Forero, MD,*

Monica Rebollo Polo, MD,** Josep Munuera, MD, PhD,? Javier Aparicio, MD,*
Jordi Rumia, MD, PhD,'* and José Hinojosa, MD, PhD"*

aao—
L By '.' -

Dr.. Cuinyycase series

Curry DJ, Raskin J, Ali I, Wilfong AA. M&uided laser ablation for the treatment of hypothalamic
hamartomas. Epilepsy Res. 2018;142:-1134.

1 71 patientsZ5% of these patients had failed other surgical or radiosurgical intervention
1 93% Zyr gelastic seaure freedom
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LiMTroutcome siutlyin pediatric population

Nisha Gadgilet al. Staged Magnetic ResonarGalided Laser Interstitial Thermal Therapy for
Hypothalamic Hamartoma: Analysis of Ablation Volumes and Morphological Considerations
Neurosurgery, Volume 86, Issue 6, June 2020, Pages3868

all patients had improvement in their seizure buyterpatients were unchanged or worsened
81% of patients were completely free of gelastic seizatrésstfollow-up.
only outcome predictsr
2) age(at time of LITT):older childrerfaring better in seizure control
3) smaller percentagesidual hamartomavolume (ideally, < 509%.
1 overall Engel outcome scorégelasic and nongelastic seizure$p.0% Engel class 1, 12.1% Engel
classll, and 19.0% Engel class lll.
1 50.0%were off all AEDs at last follovup.

= =4 A

Preoperative Ttoronal MRI of a 3yr-old male with frequent daily gelastic seizurggedominantly righsided hypothalamic
hamartoma:

A, Intraoperative oblique TFveighted MRI with contrast depicts sequential righed laser ablation trajectory.

B, region of contrast enhancement indicates the extent of tissue ablation. Postoperatighi@d coronal MRl demonstrates
decreased size of hamartamwith visible ablation cavity.

C, The patient achieved complete freedom from gelastic seizures postoperatively




Preoperative Ttoronal, A, and axial, B, MRI of a iyf-old male with intractable gelastic epilepsy who had undergone prior
transcallosal partial resection of large hypothalamic hamartoma. A previous central resection cavity necessitated sequentia
bilateral ablations écause of introduction of central heat sink. Hamartoma contour was outlineldysktiee, C, and imaging
software used to create edBvolumetric reconstructioof the hamartoma.

Intraoperative coronal Flveighted MRI with contrast depicts sequential-gfted, D, and righsided, E, laser ablation
trajectories that were performed during separate operations. Region of contrast enhancement indicates the extent of tissue
ablation. \blumetric measurement of postoperative hamartoma residual is depicted, F, approximately 50% of the hamartom
remained. The patient achieved complete freedom from gelastic seizures postoperatively.

SRS

treatment effect is delayed by several months.

seizure freedontat 3 yearsg7-69%.

50% have behavioranprovement.

1/5 havedransient seizure worsening

organs at risk: optic pathways, mammillary bodies.

dose:16-17 Gy

best- for small / mediurrsize HH.

experts think you need to treat the whole volume of HH (just disconnection is not enough).
youngest treated patient3 yo.

=2 =8 8 -8 8 8 9 9 9
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Discussion: positive predlctors for Engel I and Il

» lower grades (Regis I-1) ﬂ L w

» marginal dose > 17 Gy

» higher pretherapeutic gray matter density within mesencephalic tegmentum

The Neural Control of Vocalization in Mammals:

A Review Jourmnal of Voice, Vol. 23, No. 1, 2009

U. Jirgans, Gennagen, Gemmerny

— L
u/"

» earlier treatments

Maiseille prospegtivetirial (n = 48)

I Marginal dose Median 17 Gy Range 14-25 Gy
Marginal isodose Median 50% Range 35-60%
Chiasm max dose Median 3.7 Gy Range 1.2-8.3 Gy
Optictract max dose Median 6.3 Gy Range 1.8-12.2 Gy
Retreatment 28/48 (58.3%)

Delay between trt Median 40.5 mos. Range 24120 mos.
Marginal dose 2 Median |7 Gy Range 14-25 Gy
Volume trt 2 Median 372.8 mm’ Range 891,600 mm’

Follow-up total Median 7|1 months Range 36153 months

FU after second GKS Median 37 Range 6117 months

Engel class at 3 years* 3 years Last FU

Engel | 15/48 (31.3%) 19/48 (39.6%)
Engel 15/48 (31.3%) 1 4/48 (29.2%)

Engel | + 11 30/48 (62.6%) 33/48 (68.8%) |
Engel Il 12/48 (25%) 8/48 (16.7%)

Engel IV 6/48 (12.5%) 7/48 (14.6%)
Microsurgery 8/48 (16.6%) ]
Result MS |+ 112/8 (25%) IV 5/8 (62.5%)

After 3 yrs,Engel HI achieved in 68.8% patients
16.6% patients needed salvage microsurgery
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Engel class | and II: delayed clinical effect

100%-

Gelastic

Focal dyscognitive/motor

Tonic/spasms

Cum Survival

0%

Secondarily generalised TCS

T T T T T
0 20 40 60 80

T T T T T T
100 120 140 160 180

Delay Cessation in Mths

Psychiatric outcome

200

As per seizure type

Hyperactivity 8/17 (47%) cured 5 (29.4%) improved 4 (23.6%) stable
Heteroaggression 18/33 (54.5%) cured 10 (30%) improved 3 stable; | worse
Cognitive outcome Evaluated in 39 pts
No worsening 0%
No memory deficit 0%
Visual function No deficit 0%
Endocrinology No new obesity 0%
Diabetes insipidus No 0%
Hemiparesis No 0%
SUDEP No 0%
Mortality No 0%
Transient poikilothermia 3/48 (6.2%)
Transient seizure increase 8/48 (16.6%)
Satisfaction N = 44 20 (45.5%) very satisfied 14 (31.8%) satisfied 10 not satisfied
Psychiatric outcome  Before After
Global 34 pts 15 (44.1%) cured 3 (8.8%) stable
15 (44.1%) improved | (2.9%) worse
Heteroaggression 34 pts 19 (55.9%) cured 5 stable Heteroaggresion: 55.9% cured
9 (29.4%) improved | worse
Mild 13 9 cured 3 stable
| improved
Severe 21 10 cured 2 stable
8 improved | worse
Hyperactivity 17 pts  8/17 (47%) cured 4 stable vty 0,
$016.4%) baiad Hyperactivity: 47% cul:ed
Mild 7 4.cured | stable (29.4% improved)
2 improved
Severe 10 4 cured 3 stable
3 improved

Cognitive outcome
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Cognitive outcome (no decline; major improvement 30%, 20-46%)

100% 80% 60% 40% 20% 0% n=39 ———rs & # % PrecE® Gl
| t t FSIQ 0 76 24 -1.7012) -14(12)
‘ ‘ | WECHSLER INTELLIGENCE SCALES Verbal 0 89 1l -14012) -13(12)
Intelligence (Full-Scale 1Q) m“' oo
Verbal Comprehension Index RPN Y 2 2 SLOGSIE=LI ()
organizal
Perceptual Organisation Index fodex
) ‘Working memory 0 54 46 -15(1.2) =9(1.3)
Working Memory Index index
Processing Speed Index e L 2 i et
WMS MEM 111 Verbal learning 0 80 20 -6(10) -3(12)
[ . Verbal delayed 0 86 14 -5(12) -3(1.3)
Verbal Learning recall
Verbal Delayed Recall Yiel losning 0 o B =AU =204
Visual delayed 0 7 29 -6(14) -3(L5)
Visual Learning recall
. Abbreviations: FSIQ, full-scale intelligence quotient; GKS, gamma knife surgery.
Visual Delayed Recall *Values are expressed as mean (SD) on standardized -score according 1o matched normative data of the

individual tests.

Endocrine outcome(n = 34)
Only onepatient developed TSH deficiency

S T BODY MASS INDEX
Pre-GK Post-GK
40 - : :
. Upper extreme
35 +
30 + Upper quartile
- Median
+
25 T
Lower quartile
208
- Lower extreme
o 1L p=0.59

Castinetti et al, Epilepsia, 2017, Gamma Knife radiosurgery for
hypothalamic hamartoma preserves endocrine functions

Muilticenter Tiriahki(m=-39)

Tripathi et al., Neurosurgery, 2024: Gamma Knife Radiosurgery for Hypothalamic Hamartoma: A Multi-Institutional Retrospective Study on Safety, Efficacy, and Complication Profile

» Clinically: 29 pts (55.2%) Engel | and II, min 3 years FU

» Radiologically: 28% volume regression (cut-off 75 months); necrotic patches at 2 years
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» transient increase in seizures: 8/39 (20.5%)
» new onset hormonal deficiency: 2/39 (5.1%)

> poikilothermia: 1/39 (2.5%)

» adjuvant treatment because of poor seizure control: 9/39 (23.1%)

RADIOFREQUENCY THERMOCOAGULATION

See p. E13 >>

FUS

| Magnetic resonance-guided focused ultrasound ablation of hypothalamic hamartoma as a
disconnection surgery

DTI to define the connection border and plan the lesioning map

A 26 y/m, onset 3/o;
gelastic sx, neurobehavior
impairment

MRgFUS:
Six therapeutic
sonications at 50-53"
(mean maximum) were
applied to five target
sites.

v ||

Sx free after treatment
with improvement in
cognition and glucose

metablolism 1 day after FUS

Frrrrrnd

Imm

1 Yr after FUS

Yamaguchi T, et al., Acta Neurochir (Wien), 2020 Oct;162(10):2513-2517,


http://www.neurosurgeryresident.net/E.%20Epilepsy%20and%20Seizures/E13.%2520Intracranial%2520Electrodes.pdf#RF_TC_for_HH
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JNS e

J Newrosarg 137 780-787 002

Initial experience with magnetic resonance-guided
focused ultrasound stereotactic surgery for central brain

lesions in young adults

Travis S. Tierney, MD, PhD,' Kambiz N. Alavian, PhD.' Nolan Altman, MD > Sanjiv Bhatia, MD **
Michael Duchowny, MD,”* Ann Hyslop, MD,'* Prasanna Jayakar, MD, PhD,*"
Trevor Resnick, MD,* Shelly Wang, MD, MPH,** lan Miller, MD,” and John Ragheb, MD**

ENDOScoPIC DISCONNECTION

Best indications: smaltype 2 hamartomas, residual hamartomas.

Alessandro De Benedictis 2024
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@ @’ _ FTdoscopic resection of hypothalamic

hamartomas for refractory symptomatic
epilepsy

Endoscopic disconnection for hypothalamic hamartoma with

intractable seizure . Neurology 2008;70:1543-154€

J Neurosurg (Pediatrics 5) 100:506-511, 2004

Endoscopic surgery for hypothalamic hamartomas causing
medically refractory gelastic epilepsy cyig vew syst 2006) 2874 550

SURGICAL MANAGEMENT OF HYPOTHALAMIC
HAMARTOMAS WITH EPILEPSY: THE
STEREOENDOSCOPIC APPROACH

Neurosurgery 59[ONS Suppl 4:ONS-336-ONS-346, 2006

“ Pure endoscopic management of epileptogenic
P hypothalamic hamartomas 55, 1 oo

P
e

Endoscopic disconnection of hypothalamic hamartomas:
safety and feasibility of robot-assisted, thulium laser—based

procedures J Neurosurg Pediatrics 14:563-572, 2014

Seizure outcome and complications following hypothalamic
hamartoma treatment in adults: endoscopic, open, and
Gamma Knife procedures

i i . e ——
— Neurosurg 117:255-261, 2012

Seizure outcome and prognostic factors for surgical management of
hypothalamic hamartomas in children

re: European Journal of Epilepsy 75 (2020) 28-33

DISCONNECTION

































































































































