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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 hemispheres (5ï8 weeks of gestation) 

Ÿ midline malformation of ANTERIOR BRAIN-SKULL-FACE. 

¶ INCIDENCE - 1 per 31,000 births. 

 

ETIOLOGY  

1) chromosomal abnormalities (trisomy 13; rarely, trisomy 18). 

2) genetic abnormalities (at least 2p21, 7q36*, 18p11.3, and 21q22.3 may harbor genes responsible for 

holoprosencephaly). 

3) teratogenic factors (incl. maternal diabetes). 

*gene for autosomal dominant familial holoprosencephaly (HPE3) as human Sonic 

hedgehog homolog (member of family of developmental signaling molecules). 

 

CLINICAL FEATURES  

¶ posterior fossa contents å normal. 

¶ absence of corticospinal tracts is common finding (consequence of severe malformation of cerebral 

cortex). 

¶ spectrum of DISTINCTIVE FACIAL DYSMORPHISMS  is part of HOLOPROSENCEPHALIC MALFORMATION 

SEQUENCE (affecting prechordal mesoderm - important in facial development) - in descending order of 

severity: 

1) cyclopia - eye and orbits fused or in various states of incomplete separation; nose is absent; 

agnathia may also be present. 

2) ethmocephaly - instead of nose, proboscis [cylindrical protuberance å snout] is present and 

often located above incompletely separated, or severely hypoteloric, eyes. 

3) cebocephaly [monkey head] - nose now is between and below hypoteloric eyes, but there is only 

single blindly ending nostril. 

4) premaxillary agenesis or aplasia of primary palate, associated with hypotelorism and often 

midline cleft lip and palate. 

5) milder facial dysmorphism (hypotelorism, flat base of nose, milder midline or bilateral clefting). 

6) minimal forms (e.g. single central incisor). 

 

Face predicts brain  in holoprosencephaly spectrum 
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ALOBAR  holoprosencephaly (most severe form - often 

spontaneously aborted) ï total arrest of evagination & 

invagination: 

1) brain is small: 

- hemispheres are completely fused as one 

entity (holospheric prosencephalon ï 

single hemisphere, single lobe). 

- CORTEX normally sulcated (normal 

histogenesis). 

- basal ganglia and thalami are also fused. 

- absent corpus callosum, olfactory bulbs 

and tracts. 

- ventricular system with single cavity (in 

continuity with large dorsal cyst). 

- hydrocephalus prevails (macrocrania in 

spite of microcephaly!). 

2) severe mental retardation, seizures, severe 

motor impairments, poikilothermia, 

endocrine insufficiencies. 

3) severe facial malformations: cyclopia, 

cyclopia with agnathia, ethmocephaly, 

cebocephaly, severe hypotelorism with 

agenesis of primary palate and median cleft 

lip and palate. 

 

 

Normal sulci, no fissures ï disorder of organogenesis! 

 
Source of picture: ñWebPath - The Internet Pathology Laboratory for Medical Educationò (by Edward C. Klatt, MD) >> 

 

http://library.med.utah.edu/WebPath/webpath.html
http://library.med.utah.edu/WebPath/webpath.html
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Source of picture: ñWebPath - The Internet Pathology Laboratory for Medical Educationò (by Edward C. Klatt, MD) >> 

 

 

SEMILOBAR  holoprosencephaly (less severe - less reduction in brain volume): 

1) interhemispheric fissure is partially formed occipitally; 

- frontal lobes are fused, but thalami are partially separated. 

- still single ventricle (but there is indication of third ventricle). 

- corpus callosum may be partially formed. 

2) variable degrees of mental retardation. 

3) less sever facial malformations: microphthalmia, coloboma, hypotelorism, nasal malformations. 

 
Skull is opened to reveal "semilobar" holoprosencephaly (small cleft representing attempt to separate hemispheres); there 

is no lissencephaly (no gyral pattern) because fetus was < 20 weeks gestation: 

 
Source of picture: ñWebPath - The Internet Pathology Laboratory for Medical Educationò (by Edward C. Klatt, MD) >> 

 

 

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
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LOBAR holoprosencephaly 

1) brain has generally normal volume and almost complete separation into two hemispheres; 

- in depth of frontal lobes (medio-orbital region) there is continuous cerebral cortex between 

two lobes. 

- falx is often dysplastic anteriorly but otherwise normal. 

- septum pellucidum is absent. 

- corpus callosum is absent or dysmorphic, at least anteriorly. 

- ventricular system is well defined but may be dysmorphic. 

2) normal intellect ÷ mild mental retardation. 

3) mild (or absent) facial malformations. 

 

 

DIAGNOSIS 

¶ INTRAUTERINE DIAGNOSIS of severe forms ï ultrasound (lack of midline echo). 

¶ high-resolution karyotype analysis (± fluorescent in situ hybridization [FISH] analysis) with special 

emphasis on chromosomes 2p21, 3p, 7q36, 13q, 18p11.3, and 21q22.3 is recommended in all cases. 

¶ coronal T1-weighted MRI  - bridging of cerebral cortex across midline. 

 

 

MANAGEMENT  

¶ focuses predominately on seizure control. 

¶ surgical correction of craniofacial malformations. 

¶ hormone replacement therapy. 

 

 

SEPTO-OPTIC DYSPLASIA  

- absence of septum pellucidum + optic nerve hypoplasia. 

¶ 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. 

¶ most cases are sporadic; however, there is existence of autosomal recessive form. 

 

CLINICAL FEATURES  

- considerable heterogeneity: 

1) visual impairment (blindness ÷ normal vision). 

2) endocrine abnormalities (hypothalamic-pituitary insufficiency) 

3) seizures. 

4) cognitive development may be normal! 
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DIAGNOSIS 

¶ coronal T1-MRI  - assess size of optic nerves and chiasm (diameter should be in same range as 

diameter of carotid arteries). 

 

MANAGEMENT  

¶ endocrine replacement protocols. 

 

 

AGENESIS OF CORPUS CALLOSUM 

- develops during gestation weeks 11-20. 

 

ETIOLOGY  

A. Isolated malformation ï favorable prognosis! 

B. In association with other malformations (e.g. holoprosencephaly): 

 

Syndrome  Characteristics 

APERT see p. Dev9 >> 

AICARDI  see p. E9 >> 

Oral-facial-digital Mental retardation, midline oral and facial defects, hand and finger 

abnormalities, renal microcysts, cerebral migration defects 

MILLER-DIEKER see below >> 

NEU-LAXOVA  Autosomal recessive; death in weeks; ocular abnormalities, everted lips, 

short neck, ichthyosis, edema, limb deformities, lissencephaly and 

cerebral, cerebellar, brain stem atrophy 

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

Sensorimotor neuropathy 

and agenesis of corpus 

callosum 

Autosomal recessive; sensorimotor agenesis of corpus callosum, 

neuropathy, dysmorphism 

SHAPIRO Genitourinary and cardiac defects, mental retardation, hydrocephalus, 

holoprosencephaly, episodic hyperhidrosis, hypothermia / hyperthermia 

Osteochondrodysplasia Nonlethal rhizomelic osteochondrodysplasia, hypertension, 

thrombocytopenia, hydrocephalus. 

 

¶ may be associated with specific chromosomal disorders (esp. 8-trisomy and 18-trisomy). 

¶ growing number of inborn errors of metabolism also include agenesis* of corpus callosum (e.g. 

nonketotic hyperglycinemia, infantile lactic acidosis associated with pyruvate carboxylase deficiency, 

pyruvate dehydrogenase deficiency, adenyl succinate deficiency, Smith-Lemli-Opitz syndrome, 

Zellweger's syndrome, 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
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A. Complete agenesis 

¶ absent cingulate gyrus (formation of cingulate gyrus is linked to callosal development) - sulci 

radiate down medial aspect of brain from dorsal surface to high-riding roof of third ventricle. 

- normal cingulum is replaced by abnormal white matter bundle of Probst (running 

anteroposterior just above lateral ventricle, where fibers of corpus callosum would 

normally collect into commissure) - this causes characteristic straightening (on axial 

images) and bull's horn appearance (on coronal images) of frontal horns of lateral 

ventricles. 

¶ widely separated and angular lateral ventricles in coronal sections; medial ventricular wall is 

convex, and cavity is small ("bat -wing" contour ). 

¶ anterior commissure (also derived from lamina terminalis) may be absent. 

 

 
 

B. Partial agenesis - absence (to variable degrees) of posterior corpus callosum (lipoma sometimes 

occupies defect), with sparing of rostrum and genu. 

¶ cingulate gyrus is present only to extent that corpus callosum exists. 

¶ anterior commissure is usually spared. 

 

 

CLINICAL FEATURES  

ï largely silent ï patient has alternative pathways of information transfer, probably via intercollicular 

connections and posterior commissure (disconnection syndrome only rarely* may be discovered, and 

only on careful neuropsychological assessment). 

*vs. surgical callosotomy in adults Ÿ clinical evidence of hemispheric disconnection. 

¶ patients have higher incidence of seizures and mental retardation - reflects slightly higher 

incidence of neuronal migrational abnormalities (but patients with mental retardation or seizures 

are also more likely to undergo CNS imaging). 

 

 

IMAGING  

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

2) marked separation and parallel configuration of lateral ventricles (ñbatwingsò). 

3) radial arrangement of medial cerebral sulci. 

4) colpocephaly (enlarged atria and occipital horns of ventricles - because of lack of splenium 

and white matter connecting occipital lobes). 
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¶ MRI  is far superior to CT in diagnosing associated abnormalities. 

¶ PRENATAL detection with ultrasound. 

 
Incomplete genesis of corpus callosum (T1-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 3rd 

ventricle posteriorly, where corpus callosum has not formed: 

 

 
 

 

ARRHINENCEPHALY  

- absence of olfactory bulbs and tracts. 

 

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 syndrome). 

 

Clinically - anosmia. 

 

KALLMANN 'S syndrome - most common in men (female cases are rare): 

1) arrhinencephaly (Ÿ anosmia) 

2) gonadotropin-releasing hormone deficiency (Ÿ hypogonadotropic hypogonadism) 

ï GnRH neurosecretory neurons develop in olfactory placode and migrate up olfactory 

nerves into hypothalamus.  also see p. 2581 >>, p. 2738 >> 

3) associated with midline facial defects (incl. color blindness, cleft lip or palate), unilateral 

kidney agenesis. 

¶ etiology - X-linked recessive KALIG-1 (Kallmann's syndrome interval gene 1) defect. 

ï KALIG -1 regulates adhesion proteins facilitating neuronal migration. 

¶ treatment - pulsatile GnRH (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
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COLPOCEPHALY  

- disproportionate enlargement of occipital horns of lateral ventricles; abnormally thick gray matter with 

diminished thickness of white matter (thin poorly myelinated white matter - result of absence of corpus 

callosum). 

¶ associated with: partial or complete agenesis of corpus callosum, Chiari malformation, 

lissencephaly, microcephaly. 

¶ has been associated with chromosomal abnormalities such as trisomy 8 mosaic and trisomy 9 

mosaic. 

¶ few reports of genetically transmitted colpocephaly. 

 

Clinically - seizures (early after birth), various degrees of motor disabilities, cerebral palsy, spasticity, 

visual defects (crossing of eyes, missing visual fields, and optic nerve hypoplasia), moderate to severe 

mental retardation. 

¶ significant number of children suffer only from minor disabilities. 

¶ not associated with increased ICP. 

 

Imaging: ventricular system has unique appearance of crown of king (ñCROWNò SIGN). 
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No specific treatment exists. 

 

 

 

Neuronal Migration and Cortical Formation disorders 

- disorders of HISTOGENETIC period. 

Á one of most important mechanisms in control of neuronal migration is radial glial fiber system 

(guides neurons to their proper site ï from periventricular germinal matrix to cortex). 

 

ETIOLOGY  

a) variety of inheritance patterns (incl. various metabolic disorders - Zellweger's syndrome, etc). 

> 25 human genetic syndromes are associated with malformations of cortical development! 

b) sporadic (in utero retinoic acid, methylmercury, radiation, viral infections) 

 

CLINICAL FEATURES 

- seizures and mental retardation (or lesser diminution of IQ) - related to degree of cortical 

disorganization (very severe in LISSENCEPHALY ÷ very mild or absent in small amounts of NODULAR 

HETEROTOPIA). 
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DIAGNOSIS 

- MRI . 

 

 

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

ï severe failure of neurons to migrate completely through developing white matter Ÿ markedly thickened 

disordered cerebral cortex and smooth agyric surface; 

(LISSENCEPHALY and PACHYGYRIA represent spectrum of same disorder: LISSENCEPHALY - 

diffuse bilateral; PACHYGYRIA - focal or multifocal) 

Normal fissures, no sulci ï disorder of histogenesis! 

¶ appear early in cortical neurogenesis (beginning at 10-12 weeks of gestation). 

¶ blurred junction between gray and white matter. 

¶ nodules of gray matter heterotopia are common in white matter. 

¶ sylvian fissure is primitive in appearance: broad groove with absent or poorly formed opercula 

(ñfigure 8ò sign). 

¶ remainder of brain is relatively spared. 

 

TYPES 

1. Type I lissencephaly (ñclassicò) - extremely thick cortex (at expense of white matter) organized 

into four abnormal layers. 

ï classically associated with Miller -Dieker syndrome, although autosomal recessive and 

X- linked (Xq22) forms have been identified. 

 

M ILLER -DIEKER  syndrome (mapped to 17p13 - LISI gene with unknown function). 

Á classic facial features: bitemporal hollowing, short nose with broad bridge and 

upturned nares, prominent (long and thin) upper lip, small chin (micrognathia), mildly 

low-set and posteriorly rotated ears. 

Á marked hypotonia in neonatal period Ÿ later, spastic quadriparesis dominates. 

Á seizures!!!  (neonatal seizures, infantile spasms, Lennox-Gastaut syndrome); EEG - fast 

Ŭ- and ɓ-activity admixed with high-amplitude slow activity. 

Á profound psychomotor retardation Ÿ death in first decade. 

Á cardiac anomalies (20-25%), males genital anomalies (70%). 

Á eyes and muscles unaffected (vs. type II lissencephaly). 

 

Isolated lissencephaly sequence (17p13.3 microdeletions in significant number of cases) 

Á lack of distinctive facial features. 

 

 

2. Type II lissencephaly (ñcobblestoneò) - cerebral hemisphere in cross sections å one half gray 

matter and one half white matter (i.e. gray to white matter ratio of 1:1). 

ï occurs in congenital muscular dystrophies with eye involvement: see p. Mus5 >> 

1) muscle-eye-brain disease of Santavuori 

2) Fukuyama congenital muscular dystrophy 

3) Walker-Warburg syndrome (s. cerebral-ocular 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 3-4 month fetal brain*): 
* fetal brain is smooth with few if any developed sulci - migrational malformations (as agyria) are 

impossible to detect prior to 18 weeksô gestation. 

 
 

 

 

POLYMICROGYRIA  

ï one of the most common malformation of cortical development: failure of neurons to migrate normally 

Ÿ cerebral cortex with excessive number of small irregular gyri that appear fused (rather featureless 

grossly) with shallow intervening sulci. 

¶ time of appearance is later (than lissencephaly) ï 17-26 weeks of gestation. 

¶ nonspecific nature - multiple PATHOGENESES &  ETIOLOGIES - may be as malformation or as 

disruption (esp. CMV infection); other causes - in utero ischemia, genetic mutations (e.g., WDR62, 

NDE1, and TBR2). 

 

 

PATHOLOGY  

¶ recognized as fine stubbing on brain surface (similar to Moroccan leather). 

¶ border between polymicrogyria and normal cortex is distinct. 

¶ gray matter is composed of four layers (or fewer), with entrapment of apparent meningeal tissue at 

points of fusion of what would otherwise be cortical surface. 

¶ extent: 
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a) focal (unilateral, bilateral symmetric or asymmetric), mostly seen in the perisylvian 

region (incl. insula). 

b) diffuse (multiple lobes). 

¶ can be associated with other cortical development abnormalities. 

 

 

CLINICAL FEATURES 

¶ hemiparesis, speech and developmental delays. 

¶ 60-85% present with focal seizures (mostly, childhood onset). 

Á most are refractory regardless of the topography, extent, or laterality. 

Á seizure types are multiple (status epilepticus of sleep [ESES] may be a feature). 

 

 

DIAGNOSIS 

¶ small surface features are too small to be routinely seen radiologically - difficult to differentiate from 

pachygyria (H: very thin MRI  slices). 

 

 
 
Hemimegalencephaly with diffuse polymicrogyria involving most of the left hemisphere: 
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¶ scalp EEG often shows diffuse epileptic discharges that poorly lateralize but are focal on intracranial  

ECoG ï epileptogenic zone may involve only a portion of the malformation! 

 

N.B. despite extensive MRI abnormalities and broad epileptiform abnormalities on scalp 

EEG, intracranial  ECoG can provide additional localizing information for guiding 

surgical planning! (not needed for hemimegalencephaly cases). 

 

¶ ictal SPECT shows hyperperfusion in PMG cortex; MEG  may be useful as well. 

 

 

TREATMENT  

Good seizure reduction with ASMs only but seizure freedom is very rare. 

 

Resective surgery - for medically refractory seizures well localized to region of polymicrogyria. 

¶ aim to resect only epileptogenic zone and not whole polymicrogyria (esp. in extended polymicrogyria, 

close to eloquent cortex); 

¶ if there is no clear localization of epileptic foci on scalp EEG, if PMG is adjacent to eloquent 

cortical areas Ÿ implant subdural electrodes. 

¶ alternative - intraoperative ECoG + mapping. 

¶ extent: focal foci resection ÷ hemispherectomy. 

¶ outcome (Wang et al. 2015 ï 12 surgical patients): 

¶ 50% seizure freedom + 33% significant seizure reduction. 

¶ predictors of seizure control: 

ï gross total resection or disconnection (in case of functional hemispherectomy) 

of PMG cortex is associated with improved seizure control. 

ï location, focality, laterality, presence of other cortical malformations, extent of 

resection for other associated cortical malformations or intracranial ECoG foci 

are not known predictors of seizure control. 

N.B. complete resection of other cortical malformations was not necessarily 

required for favorable seizure control outcome. 
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N.B. even in diffuse and bilateral lesions, seizures may arise from focal regions within or 

around the PMG - surgical resection may provide significant benefit in seizure control! 

 

 

 

NEURONAL HETEROTOPIA  

[heterotopion for singular, and heterotopia for plural] 

- groups of neurons fail to migrate fully to their cortical destination Ÿ groups of normal-appearing 

neurons (as collections of disorganized gray matter) remain in inappropriate places: 

¶ 15-20% of all MCDs. 

¶ from small, single nodules to multiple, large sized bilateral lumps. 

¶ may be unilateral or strikingly symmetrical. 

¶ cortex is generally well formed grossly (occasionally, overlying cortical malformation) but 

functionally abnormal (has EEG spikes). 

ï large lumpy NHs may be associated with cortical dysplasia and polymicrogyria. 

¶ ñheterotopia plusò ï heterotopia along with other developmental abnormalities (FCD, 

polymicrogyria, etc). 

 

 

b) SUBEPENDYMAL  / PERIVENTRICULAR  NODULAR  heterotopia (PVNH)*  ï most common form of 

heterotopias: group of neurons fails to migrate at all from germinal matrix area Ÿ neurons remain 

periventricular (single or multiple bilateral gray matter nodules in walls of lateral ventricles). 

*s. malformations with neuroependymal abnormalities 

 

"bilateral periventricular nodular heterotopia" (BPNH) - ñclassicò form in which nodules 

are diffuse and contiguous, bilateral and symmetric and predominantly found in anterior bod-

ies and frontal horns of both lateral ventricles. 

ï X-linked disorder described mostly in females. 

ï majority have mutation in Filamin A (FLNA) gene (vs posterior forms are FLNA-

negative and often associated with cortical malformations including focal cortical 

dysplasia, abnormal gyration, polymicrogyria, hippocampal abnormalities, colpocephaly, 

and cerebellar or midbrain tectum abnormalities). 

 

c) SUBCORTICAL BAND heterotopia - late wave of neuronal migration is halted after cortex is fairly 

well populated (reasonably normal gyri and sulci) Ÿ subcortical stripe*  of neurons. 

ï ñdouble cortexò - more or less continuous layer of gray matter lying in the white matter 

beneath and parallel to the cortex. 

ï part of the lissencephaly spectrum. 

ï found predominantly in females. 

ï result from a mutation in doublecortin gene. 

ï diffuse nature and usually multilobar distribution (focal surgical intervention is not a 

treatment of choice). 

*sometimes subcortical nodules (not bands) may form - subcortical nodular 

heterotopia (SNH); some nodules may be ògiantò 

 

¶ glial heterotopia is often found in leptomeninges overlying cortical anomaly (plaque over brain 

surface). 

 

 



 BRAIN ANOMALIES  Dev7 (18) 

 

ETIOLOGY  

a) sporadic 

b) familial  (mapping to different regions on X chromosome; e.g. Xq22 in band heterotopia, Xq28 in 

nodular heterotopia). 

ï affected males show more severe brain malformations (incl. lissencephaly). 

c) part of more complex syndrome (e.g. Aicardi syndrome, Smith-Lemli-Opitz syndrome). 

 

 

CLINICAL FEATURES  

¶ main presenting feature is seizures of various kinds (90% are drug-resistant). 

ï onset can be from childhood (most commonly) to adulthood. 

ï no correlation to size and number of nodules. 

N.B. even small heterotopias can cause drug-resistant epilepsy! 

N.B. there is no correlation between the extension of malformation and severity 

(seizure frequency, number of antiepileptic drugs, and cognitive impairment) of the 

clinical picture. 

¶ motor impairments and mental retardation may coexist (esp. in band heterotopias - band thickness 

correlates with ultimate neurologic outcome). 

¶ small heterotopias may be asymptomatic. 

 

 

DIAGNOSIS 

- extremely high-resolution MRI (7T MRI can show many more heterotopias). 

¶ excellent sequences: MP2RAGE. 

 

Barkovichôs classification (2012): anterior, posterior, diffuse. 

¶ for proper counseling, mother of child with BAND HETEROTOPIA should undergo MRI even if 

asymptomatic. 

 

Most important questions: 

(1) Does a nodule generate epileptic activity? 

(2) In the case of multiple nodules, which nodules participate in generating epileptic activity? 

(3) Which part and to what extent the cortex is contributing to generating epileptic activity? 

(4) How complex is the epileptogenic network? 

 

 

MRI  

Bilateral periventricular nodular heterotopia: 
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T1-MRI: (A) nodular heterotopia (arrowhead), (B) band heterotopia (arrowheads): 

 
 

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

Interictal: from silent to focal to contralateral or diffuse discharges. 

Ictal: regional or hemispheric changes usually over the lobe or region where PNH are located. 

 

 

SOURCE LOCALIZATION  

N.B. noninvasive studies can rarely provide sufficient information to answer above questions (i.e. 

delineate EZ) ï SEEG is needed! 

 

Best studies to define EZ noninvasively: functional connectivity analysis + EEG-fMRI 

 

 

MEG  is disappointing. 

¶ epileptic discharges generated in deep nodules do not result in any visible discharge on scalp EEG 

because they are far and of low amplitude = source analysis of scalp EEG (and MEG) cannot be 

expected to find a source in a nodule. 

ï MEG may be less sensitive to detect magnetic field generated by 

heterotopia due to its deep location + nonlaminar neuronal organization 

that generates weak electrical/magnetic field. 

 

High-density EEG is disappointing. 

 

Simultaneous EEG-fMRI  is the best noninvasive study! 

¶ combines scalp EEG (good temporal resolution) and fMRI (good spatial resolution)  is useful for 

investigating the involvement of deep-seated nodules and cortex. 

 

PET 

¶ heterotopia may be hyper-, iso- or hypo- metabolic. 

Mirandola (2017) ï 20 patients:  
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ï 61.5% nodules iso-metabolic, 38.5% hypo-metabolic ï but no correlation 

with ability to generate seizures! 

ï differences in 18-FDG uptake were observed not only among patients but 

also among different nodules in the same patient. 

ï 61.5% had hypometabolism in ipsilateral anterior mesial temporal region. 

Popescu (2019): 

ï nodules demonstrating metabolism (iso-, hyper-, or hypo-) are, in the 

majority of the cases, showing concordant seizure onset on SEEG (21/23, 

or 91%, nodules with detectable electric activity on SEEG were identified 

by PET). 

vs. nodules demonstrating no metabolism are less likely to show 

ictal discharge on SEEG (5/8, or 62.5%, without electric activity 

showed no metabolism on PET). 

ï hypometabolic nodules significantly correlated with worse outcome after 

surgery. 

Metabolism is bad, especially hypometabolism. 

 

 

CONNECTIVITY STUDIES  

Resting state fMRI 

¶ can detect functional connectivity between nodules. 

¶ strongly connected nodules are more epileptogenic than the others. 

 

DTI  

¶ Italian school (ñClaudio Molinari epilepsy centerò) ï DTI is a must ï shows connection to the cortex. 

 

 

 

SEEG, TREATMENT  

For drug-resistant epilepsy Ÿ surgery 

 

N.B. heterotopia can be intrinsically epileptogenic, whereas some heterotopias are silent (yet may 

participate in pathological or even physiological networks)! 

 

The rules: 

1. Heterotopia are not always epileptogenic. 

2. Cortex always contributes in some way or another to epileptogenicity, in spite of the fact that 

sometimes heterotopia seem to be the main epileptic generator. 

3. Cortices (incl. hippocampi) can be dysfunctional while the heterotopia can be a part of important 

functional circuits. 

 

Heterotopia play role in epileptic activity: 

A. Heterotopia are the main epileptogenic region and can generate interictal and ictal activity, later 

spreading to cortical regions Ÿ complete destruction of heterotopia leads to the reduction / cessation 

of epileptogenicity. 

B. Heterotopia provide bridge for pathological communication between brain regions (aberrant 

connections between heterotopia and cortical structures amplify and synchronize activity Ÿ 

widespread epileptogenic networks) Ÿ key cortical regions, often extended, and maybe together with 

heterotopia, need to be removed. 
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Source of picture: Khoo et al (2020) 

 

 

Just PVNH ï SEEG-guided stereotactic ablation*  (open lesionectomy is not an 

option** ). 

More extensive abnormalities ï SEEG-guided resection. 

*RF, LITT, FUS, SRS 

**reports exist of cleaning 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 SEEG* appears critical, as more extensive ablations or resections may be 

needed: 

a) isolated heterotopias Ÿ surgical excision (easily accessible nodules) / thermoablation (i.e. if 

patient has solitary nodule, its behavior is unpredictable ï OK to do LITT without icEEG but 

prepare patient for potentially more than one surgery). 

b) diffuse bilateral band heterotopias (Ÿ drop attacks) Ÿ callosotomy / thermoablation / 

neuromodulation. 

 

*heterotopia connect to (clinical activity manifests after electrical activity from heterotopia reaches 

these areas): 

a) associated cortex (ictal discharges originate in heterotopia or/and associated abnormal cortex) 

b) mesial temporal structures (implant it!) ï especially posterior nodular heterotopias. 

 

N.B. heterotopia is frequently part of a larger epileptogenic network! 

Á success of resective surgery is strongly related to identification of these pathological 

networks using SEEG. 
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Á epileptic networks are difficult to predict even in patients with analogous 

neuroradiologic pictures. 

Á in patient with multiple nodular heterotopias, some nodules might be active and able 

to generate seizures, whereas other nodules do not. 

Á while some cases with unilateral malformations may benefit from removal of nodules 

alone, other patients may require resection also of extralesional cortical areas to 

obtain seizure freedom. 

Á pseudo-temporal epilepsy is common ï despite electro-clinical features suggestive of 

TLE, patients rarely (never) benefit from a standard temporal lobe surgery ï i.e. 

nodules are not innocent bystanders and most be included! 

 

 

SEEG findings 

Complex anatomo-functional networks are implicated in generation of epileptic discharges! 

Cortical hyperexcitability  and aberrant connectivity with heterotopic nodule(s) are likely the 

mechanisms resulting in epilepsy! 

¶ heterotopic nodules(s) can generate both interictal  and ictal epileptic activities. 

 

Interictally 

¶ heterotopia can appear quiet for a certain period and become active with a sudden burst of spikes 

or fast discharges. 

o interictal discharges in the nodules are low in amplitude (most likely due to the nonlayer 

neuronal organization in the nodule; few neurons are paralleled and synchronized). 

o dysplastic cortex (visible or not on MRI) may show continuous rhythmic epileptiform 

discharge. 

 

Seizure 

¶ ictal discharges may arise from: 

c) most frequently - simultaneously from the NH and functionally connected cortex or 

mesial temporal structures. 

d) heterotopic tissue alone (may be simultaneous in multiple nodules). 

e) rarely - distant cortical areas without involvement of heterotopic tissue. 

¶ low-voltage fast activity is the most common ictal onset pattern found within heterotopic nodules, 

followed by rhythmic spiking. 

¶ simultaneous involvement of multiple nodules at seizure onset also is not an uncommon finding. 

 

 

Mirandola (2017) ï 20 patients: 

Interictal epileptiform activity  was recorded in all patients from electrodes placed inside 

heterotopias: 

o peculiar activity characterized by complete absence of physiologic rhythms, very frequent 

small amplitude spikes-and wave with angular morphology, and sequences of low-voltage 

fast activity, appearing dissimilar from the epileptiform activity recorded in other 

pathologies, such as focal cortical dysplasias or other MCDs. 

o activity was usually asynchronous with the overlying cortex during wakefulness, and often 

among nodules of the same patient, but tends to become more synchronous during sleep. 
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Seizures began: 

a) 73% simultaneously in nodule and functionally connected cortex (frequently 

overlying cortex*) 

b) 20% in heterotopia**  

c) 7% from cortex alone (maybe distant!). 

o in all seizures a late involvement of both nodules and cortex was observed. 

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

* *in PVNHs coexisting along with complex cortical malformations (ñheterotopia 

plusò), heterotopia alone was never found as sole trigger of seizures and RFTC was 

never curative; i.e. need more complex resections). 

 

SEEG stimulation 

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

 

SEEG strategy ï sample: 

1) presumed active nodules 

MP2RAGE MRI shows nodules well with high contrast! 

2) overlying cortex (be aware of aberrant connectivity) 

3) extralesional areas of (immediate) propagation (esp. mesial temporal structures in 

posterior nodular heterotopias). 

N.B. topography and putative connectivity of heterotopion has to be correlated with 

seizure semiology and EEG findings to construct implantation scheme (as it is 

impossible to implant all of multiple nodules and all cerebral cortex) 

4) thalamic nuclei 

¶ one electrode may not be enough for large nodules. 

 

Milan (Italy) school always explores heterotopias (and extralesional areas) with SEEG followed by 

radiofrequency thermocoagulation (RFTC) through same SEEG electrodes ï reported 76% efficacy 

(67% seizure freedom rate). see p. E13 >> 

¶ if RFTC is planned, presumed seizure onset zone is usually SEEG implanted more 

densely (adjacent electrodes < 1 cm apart, to allow conformation of the RFTC lesion). 

¶ sometimes enough ablate just a part of nodule. 

¶ Mirandola ( 2017) ï 17 patients: 76% Engel I after RFTC with no complications. 

¶ seizure reduction after RF ablation predicts good seizure outcome after resection of 

ablated region (but it is infrequently possible given location of NH). 

¶ even if cortex is involved in EZ but often is enough to RF critical hub in NH (so need 

SEEG to find critical hub). 

 
A. T1 MRI demonstrating bilateral temporo-occipital PVNH. 

http://www.neurosurgeryresident.net/E.%20Epilepsy%20and%20Seizures/E13.%20Intracranial%20Electrodes.pdf#RF_TC_for_MCD
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B. Postoperative T1 gadolinium - laser ablation of mesial temporal lobe and adjacent PVNH with 2 fiber trajectories. C, 

Ablation of PVNH. D, Ablation of mesial temporal lobe. 

 
 

Prof. Cukiert thinks 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 series - approx 84% responder rate (2 sz free): one lead in PVNH, another - in 

hippo or cortex. 

 

 

OUTCOMES 

¶ better seizure outcomes have been obtained in unilateral heterotopies compared to bilateral cases. 

N.B. patients can have other heterotopias - most likely going to need to stay on ASMs lifelong. 

 

 

 

FOCAL CORTICAL DYSPLASIA  (FCD) 

- lies at the milder end of the spectrum of neuronal migration disorders. 
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GENETICS 

¶ some evidence supports a genetic basis for FCD or at least a genetic contribution to its pathogenesis; 

some studies show postzygotic mutations are involved. 

1) brain somatic variants at variable levels of mosaicism* have been identified in several genes 

(AKT3, DEPDC5, MTOR, PIK3CA, RHEB and TSC1/2) within the mechanistic target of 

rapamycin (mTOR) signaling pathway in individuals with FCD II (>50% of FCD II are 

caused by variants in mutational hotspots in MTOR, PIK3CA and AKT3 genes). 

*mosaic level is low (< 5%) 

 
 

 

PATHOLOGY  

- disruption in lamination and columnar organization patterns (architectural abnormalities) Ÿ maloriented 

neurons in inappropriate layers (including layer 1 and white matter). 

 

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 cytoplasm Ÿ distorted 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 patients) - eosinophilic 

cytoplasm and eccentric nucleus, both neuronal and glial characteristics; exact role of balloon cells 

in production of an epilepsy phenotype is unknown. 
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Type I - no abnormal cells are present (i.e. no dysmorphic neurons or balloon cells). 

Type IA - isolated architectural abnormalities, usually laminar or columnar disorganization. 

Type IB - also characterized by architectural abnormalities, but giant cells or immature neurons are 

also seen.  

Type II - abnormal neurons are found (brain feels firmer on palpation) 

Type IIA - there are dysmorphic cells but no balloon cells. 

Type IIB - both dysmorphic cells and balloon cells are found. 

Type III ï associated pathology is present. 

 

 

CLINICAL FEATURES  

- various types of seizures in 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) 

¶ most frequent (50%) anomaly found in medically intractable seizures (EEG - focal very high 

amplitude*  rhythmical activity). 

*other EEG patterns (such as focal abnormal fast activity) have no 

predictive value for focal dysplasia. 

 

Type I FCD can be clinically silent (found in 1.7% of healthy brains) or have cognitive impairment 

instead of epilepsy. 
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Type II FCD - brain-restricted somatic variants in genes of the mechanistic target of rapamycin signaling 

pathway cause focal epilepsies. 

 

 

DIAGNOSIS 

Genetic analysis for somatic mosaic mutations, e.g. tissue from removed SEEG electrodes. see p. E13 >> 

 

MRI  (sensitivity 60-90%, i.e. brain MRI looks normal in 1/3 of patients): 

2) focal abnormal gyral cortical thickening 

¶ small FCDs are preferentially located at the bottom of deep sulci - review of sulci 

anatomy is crucial. 

¶ there is software for automated FCD detection. see below >> 

3) cortical dimple 

4) blurring of cortical-white matter junction (reduced demarcation) 

5) transmantle sign ï funnel-shaped signal extending across white matter - from lateral 

ventricle to cortex harboring FCD (evident on T2 and FLAIR after contrast adjustment) ï 

generally associated with type IIb. 

6) signal changes (T2/FLAIR hyperdensity of gray and subcortical white matter, T1 

hypodensity of subcortical white matter). 

7) atrophy of the white matter core (up to hemispheric asymmetry). 

8) remodeling of skull inner table. 

¶ T1 sequence should include 3D volume using thin (1ï1.5 mm) partition size with imaging in coronal 

plane Ÿ volume is reformatted Ÿ each gyrus is analyzed in planes parallel and perpendicular to its 

axis - complete cortex should be assessed (thickness, demarcation from subcortical white matter) - 

very time consuming but should be undertaken in every case of suspected cortical dysplasia. 

¶ MRS shows low choline peak and high NAA peak (vs. low grade gliomas ï the opposite). 

¶ FLAIR and DTI  show subtle subjacent white matter changes. 
 

 

Transmantle sign: 

http://www.neurosurgeryresident.net/E.%2520Epilepsy%2520and%2520Seizures/E13.%2520Intracranial%2520Electrodes.pdf#Mutations
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Wang et al. 2020 

 

A-C. Three examples of FCD type IIb with varying degrees of the transmantle sign. 

D. FCD type IIa with thickened cortex and hyperintensity on T2-weighted FLAIR. 
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Wang et al. 2020 

 

 

Focal cortical dysplasia in the left parahippocampal gyrus (arrow 1) and occipitotemporal gyrus (arrow 2). Cortical thickening, 

increased signal in the subcortical white matter, and blurring of the gray-white margin are appreciable in these two regions: 
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Cortical dysplasia and heterotopia: A. Coronal T2; B. Coronal T1; C. Axial reformatted from coronal 3D volume acquisition. 

- right-sided temporoparietal abnormality with dysmorphic grey matter extending from ventricle to brain surface (abnormality 

extends along lateral wall of right ventricle with subependymal heterotopic grey matter): 

 
Source of picture: Ronald G. Grainger, David J. Allison ñGrainger & Allisonôs Diagnostic Radiology: A Textbook of Medical Imagingò, 4th 

ed. (2001); Churchill Livingstone, Inc.; ISBN-13: 978-0443064326 >> 

 
Heavily T1-weighted (IR) coronal scan - left temporal lobe 

with very thick cortex (arrow), without sulci and poor 

demarcation of white matter: 

Areas of dysplasia (white areas) most prominent in left 

posterior hemisphere: 

http://www.amazon.com/gp/product/0443101639
http://www.amazon.com/gp/product/0443101639
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Source of picture: Ronald G. Grainger, David J. Allison ñGrainger & 

Allisonôs Diagnostic Radiology: A Textbook of Medical Imagingò, 

4th ed. (2001); Churchill Livingstone, Inc.; ISBN-13: 978-

0443064326 >> 

 

 

 

Automated FCD detection AI tools 

¶ Cortical Ribbon Extraction @ FreeSurfer - automated cortical thickness analysis 

 
 

Two major issues (MELD FCD Project addresses those): 

1. False positives 

2. Uncertain ground truth ï difficulty masking subtle abnormalities 
 

 

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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Solution ï use whole-brain (of particular patient) context to improve specificity. 

 

 
 

 

TREATMENT  

- surgical extirpation  of epileptogenic lesion. 

¶ high likelihood of pharmacoresistance. 

If failed one ASM, odds ratio that 2nd ASM will work is 1:346. 

¶ earlier surgical intervention may improve overall developmental prognosis. 

¶ multifocality is not contraindication - major focus extirpation may result in overall improvement of 

seizure control; H: SEEG ± RF ablation. 

 

Role of SEEG (add stimulation to induce seizures to increase certainty): 

¶ normal appearing MRI (1/3 of patients with FCD). 
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¶ sampling from difficult to access areas ideally suited for LITT (if patient has 

solitary FCD, behavior of it is unpredictable ï OK to do LITT without icEEG but 

prepare patient for potential more than one surgery). 

¶ FCD type 2 ï stimulation has large response but no function ï can be removed 

even in Rolandic cortex (i.e. has no function - can resect in eloquent areas). 

 

Resection 

¶ instead of ECoG with grid, consider SEEG electrode intraop to tailor / guide extent of resection. 

¶ start with FCD core resection (you know it needs to go), then check flanking SEEG / ECoG for 

remaining spikes (because some transmitted spikes may disappear and are does not need to be 

resected). 

¶ type 2 FCD (vs. type 1) ï brain feels firmer!; intraop US helps! see p. E11 >> 

¶ if possible, resect all accessible FCD (even if not involved on SEEG or grid recordings) ï they tend to 

activate later after resection of other EZs (e.g. resecting epileptogenic cavernoma). 

¶ complete lesion resection is the most important factor for complete seizure control. 

N.B. it is important to recognize that regions of histological FCD may extend beyond the 

abnormal areas identified on MR images ï it is paramount to have intracranial ECoG grids 

to determine the extent of resection! 

When the results from published surgical series were combined, 60% of patients with FCD 

experienced good seizure control after lesion resection! 

¶ partial FCD resection (e.g. due to overlap with eloquent cortex) may worsen seizures. 

N.B. postoperative status epilepticus has been reported in cases 

with incomplete resection of focal cortical dysplasia 

¶ multiple subpial resections ï if cannot be resected due to functional considerations; alternative ï 

thermocoagulation (SEEG-guided RF or LITT) or RNS. 

 

 

OUTCOMES 

¶ resection achieves 50-70% seizure freedom (58% in FCD type I; 69.4% in FCD type II). 
Lamberink et al. 2020 

¶ LITT (in surgically inaccessible areas) achieves Ò 50% seizure freedom. 

¶ SRS achieves 33% seizure freedom. 

¶ RF-TC performed via existing SEEG electrodes - seizure freedom is low (approximately 18%). 

see p. E13 >> 

 

 

 

HYPOTHALAMIC HAMARTOMA  (HH)  

- rare (0.5/100.000) congenital non-neoplastic lesions of ventral hypothalamus composed of 

phenotypically normal clusters of neurons with abnormal cytological architecture. 

 

 

GENETICS 

 
 

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 

¶ gelastic seizures - burst of mechanical laughter with retained consciousness. 

¶ how HHs cause seizures ï by proximity to mammillary bodies (i.e. more posterior hamartoma ï worse 

epilepsy). 

N.B. there are case reports when HH was not involved in seizures. 

¶ development of secondary seizure types due to kindling (38% patients). 

HH is prime example of causing secondary epileptogenic foci (can they be 

independent? - maybe so) 

 

Longer epilepsy duration, more seizure types are present: 

 
 

 

OTHER  

¶ 50% develop progressive cognitive and behavioral difficulties (e.g. aggression with rage attacks) and 

widespread encephalopathy Ŷ maybe bigger problem than epilepsy! 

¶ endocrinopathies. 

 

 

CLASSIFICATION  
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TREATMENT  

¶ seizures difficult to control with pharmaceutical therapy alone; H: surgery. 

¶ Italians recommend operate early and not to waste time with SEEG. 

 

 

SURGICAL PHILOSOPHY  

Pending read: 

 
 

¶ HH is not a tumor - do not need to remove / ablate the whole HH 

¶ HH have intrinsic epileptogenic activity* (seizures are NOT generated due to mass effect) - enough to 

disconnect it from the network (hypothalamus)! 

*electrographically (SEEG) similar to FCD type 2 

Seizure recurrence after HH surgery - make sure disconnection is complete! 

Disconnections have the same seizure outcomes but better safety profile than resections! 

 

 

Similar concept shift: hemispherectomy Ÿ hemispherotomy 
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Alessandro De Benedictis 2024 

 

Seizures spread through mammillothalamic tract: 

 
Alessandro De Benedictis 2024 

 

 

COMPARISON OF SEIZURE OUTCOMES 
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Resections and Disconnections have the same seizure outcomes: 

 
Alessandro De Benedictis 2024 

 

 
Alessandro De Benedictis 2024 

MS ï microsurgery; ES ï endoscopic 

 

 

LITT and RFTC have best outcomes; SRS ï worst outcomes: 
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Rizzi 2024 

 

Best results with type 2, worst with type 4 hamartoma: 

 
Luisi 2024 

 

 

Longer duration of epilepsy, worse seizure outcomes (ñtime is brainò): 
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Scholly 2017 

 

 

COMPARISON OF OTHER OUTCOMES 

¶ cognitive and neuropsychiatric profiles tend to improve after surgery (72% and 80%, respectively). 

¶ patients with good presurgical functioning tend to decline (esp. with more invasive open surgery). 

 

 

RESECTIVE SURGERY 

¶ 20-54% seizure freedom 

¶ significant operative morbidity: transient hemiparesis (2-30%), hormonal disturbances (8-57%), 

weight gain (11-59%), long-term memory impairment (8-43%), optic tract injury (3-10%), stroke (15-

31%), and death (0-20%). 
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Alessandro De Benedictis 2024 

 

 

RNS 

¶ reports of RNS implantation into thalamus. 

 

 

LITT  

- some experts think it is a treatment of choice (others say FUS is going to replace LITT for HH) 

 

Technique 

¶ complete ablation of the lesion is not necessary; focus should be on disconnection of the epileptogenic 

network (other experts say LITT ablate entire lesion; vs.  RFTC is used for disconnection) 

Do not overablate (high risk area) - enough just to disconnect! 

¶ staged approach with multiple ablations (esp. larger hamartomas) allows adequate disconnection of 

hamartoma while mitigating risk to surrounding structures. 

o bilaterally attached HHs often do not require a bilateral approach for adequate functional 

disconnection. 

o resting-state functional MRI (rs-fMRI) shows promise in elucidating the functional 

connectivity of HHs and providing targets for disconnection. 

¶ critical nearby structures: hypothalamus, fornices, mamillary bodies (try to preserve uninvolved MB!), 

mamillothalamic tract, cerebral peduncles. 

¶ experts prefer transventricular trajectory ï better covers HH axis, avoids motor tracts. 

 

Safety markers: 
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Need 1-3 laser fibers: 

 
 

Outcome 

 
 

Complications 

¶ transient neurologic deficits ï 39-50% 

¶ seizures may worsen for 3-4 days due to edema (H: steroids). 
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Technique 

 
 

 

Dr. Curry case series 

Curry DJ, Raskin J, Ali I, Wilfong AA. MR-guided laser ablation for the treatment of hypothalamic 

hamartomas. Epilepsy Res. 2018;142:131-134. 

¶ 71 patients (25% of these patients had failed other surgical or radiosurgical intervention). 

¶ 93% 1-yr gelastic seizure freedom. 
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LITT o utcome study in pediatric population 

Nisha Gadgil et al. Staged Magnetic Resonance-Guided Laser Interstitial Thermal Therapy for 

Hypothalamic Hamartoma: Analysis of Ablation Volumes and Morphological Considerations. 

Neurosurgery, Volume 86, Issue 6, June 2020, Pages 808ï816, 

¶ all patients had improvement in their seizure burden; no patients were unchanged or worsened 

¶ 81% of patients were completely free of gelastic seizures at last follow-up. 

¶ only outcome predictors: 

2) age (at time of LITT): older children faring better in seizure control. 

3) smaller percentage residual hamartoma volume (ideally, < 50%). 

¶ overall Engel outcome scores (gelastic and nongelastic seizures): 69.0% Engel class 1, 12.1% Engel 

class II, and 19.0% Engel class III. 

¶ 50.0% were off all AEDs at last follow-up. 

 
Single trajectory using the NeuroBlate NB3 1.6mm laser probe: 

 
 

 
Preoperative T1 coronal MRI of a 3-yr-old male with frequent daily gelastic seizures - predominantly right-sided hypothalamic 

hamartoma: 

A, Intraoperative oblique T1-weighted MRI with contrast depicts sequential right-sided laser ablation trajectory. 

B, region of contrast enhancement indicates the extent of tissue ablation. Postoperative T2-weighted coronal MRI demonstrates 

decreased size of hamartoma with visible ablation cavity. 

C, The patient achieved complete freedom from gelastic seizures postoperatively. 
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Preoperative T1 coronal, A, and axial, B, MRI of a 14-yr-old male with intractable gelastic epilepsy who had undergone prior 

transcallosal partial resection of large hypothalamic hamartoma. A previous central resection cavity necessitated sequential 

bilateral ablations because of introduction of central heat sink. Hamartoma contour was outlined slice-by-slice, C, and imaging 

software used to create a 3-D volumetric reconstruction of the hamartoma. 

Intraoperative coronal T1-weighted MRI with contrast depicts sequential left-sided, D, and right-sided, E, laser ablation 

trajectories that were performed during separate operations. Region of contrast enhancement indicates the extent of tissue 

ablation. Volumetric measurement of postoperative hamartoma residual is depicted, F, approximately 50% of the hamartoma 

remained. The patient achieved complete freedom from gelastic seizures postoperatively. 

 
 

 

 

SRS 

¶ treatment effect is delayed by several months. 

¶ seizure freedom (at 3 years) 37-69%. 

¶ 50% have behavioral improvement. 

¶ 1/5 have transient seizure worsening! 

¶ organs at risk: optic pathways, mammillary bodies. 

¶ dose: 16-17 Gy 

¶ best - for small / medium-size HH. 

¶ experts think you need to treat the whole volume of HH (just disconnection is not enough). 

¶ youngest treated patient ï 3 yo. 
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Marseille prospective trial (n = 48) 

 

 
 

After 3 yrs, Engel I-II achieved in 68.8% patients 

16.6% patients needed salvage microsurgery 
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Cognitive outcome 
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Endocrine outcome (n = 34) 

Only one patient developed TSH deficiency 

 
 

 

Multicenter Trial (n = 3 9) 

 

 



 BRAIN ANOMALIES  Dev7 (49) 

 

 
 

 

RADIOFREQUENCY THERMOCOAGULATION  

See p. E13 >> 
 

 

FUS 

 
 

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

Best indications: small, type 2 hamartomas, residual hamartomas. 

 

 
Alessandro De Benedictis 2024 

 



 BRAIN ANOMALIES  Dev7 (51) 

 

 

 






















































































