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4. Hydrocephalus
1. Definition: Buildup of cerebrospinal fluid (CSF) within the ventricles leading to brain swelling,
increased intracranial pressure, and damage to brain tissue most often caused by obstruction of
CSF flow at common sites of obstruction: foramina of Monro, Luschka, and Magendie; and the
aqueduct of Sylvius.
2. Epidemiology:
– congenital causes: aqueductal stenosis, atresia, agenesis; Arnold-Chiari malformation; DandyWalker malformation, arachnoid cyst and neural tube defects,
– acquired causes: include obstruction by infectious/inflammatory, hemorrhagic, trauma, or neoplastic
process; overproduction (choroid plexus papilloma) or failure of CSF absorption,
– Genetics of congenital hydrocephalus (X-linked hydrocephalus (L1 syndrome and related disorders),
Autosomal recessive hydrocephalus).
3. Pathology
a) Gross:
– markedly dilated ventricles above the level of obstruction,
– marked increase in head circumference in congenital cases prior to fusion of skull sutures.
* Communicating hydrocephalus due to diseases affecting the subarachnoid space or CSF resorption.
* Noncommunicating hydrocephalus caused by obstruction of CSF flow.
* Hydrocephalus ex vacuo: compensatory enlargement of ventricles and subarachnoid spaces as a
result of brain parenchymal atrophy.
b) Microscopy:
Neuropathological examination allows classification into three main categories:
– gliosis (“aqueduct gliosis”): a contour of the aqueduct lumen remains recognizable as an interrupted ring of ependymal cells, rosettes, and tubules, associated with marked surrounding gliosis.
The aqueduct lumen is filled with iron-laden macrophages, related to hemorrhage.
– Aqueductal stenosis: shows focal reduction in size, lined by a normal ependyma, without histological abnormality in the adjacent neuropil. Less than 0.5 mm2 in a child of any age.
– Atresia and/or forking: is lesion in which groups of ependymal canals are irregularly arranged in
the expected location of the aqueduct, lying in loose glial tissue. Atresia consists of a completely
impermeable channel replaced by several small tubules lined by ependymal cells.
References:
Gilmore EC and Walsh CA. Genetic causes of microcephaly and lessons for neuronal development. WIREs Dev Biol
(2013) 2:461-478.
Geng X and Oliver G. Pathogenesis of Holoprosencephaly. J. Clin. Invest. (2009) 119:1403-13.
Monuki E and Golden JA. Midline Patterning Defects. Chapter 6 in Developmental Neuropathology, 2nd Edition (2018).
HomaAdle-Biassette (Editor), Brian N. Harding (Editor), Jeffrey A.Golden (Editor). Wiley-Blackwell. ISBN: 978-1119-01310-5
Passemard S, LaquerrièreA, JourniacN, Gressens P. Microcephaly. Chapter 7 in Developmental Neuropathology, 2nd
Edition (2018). HomaAdle-Biassette (Editor), Brian N. Harding (Editor), Jeffrey A. Golden (Editor). Wiley-Blackwell.
ISBN: 978-1-119-01310-5
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5. Lissencephaly type I (classic lissencephaly)
1. Definition: Lissencephaly type I, or classic lissencephaly, is characterized by a relative loss of gyri
and sulci accompanied by a massive thickening of the cerebral cortex.
Can be found as an isolated brain anomaly or as part of a spectrum of malformations involving
the brain and organs outside the nervous system.
2. Epidemiology:
– characterized by abnormal nucleokinesis causing aberrant cortical layer formation.
LIS-associated genes (ACTB, ACTG1, ARX, CDK5, CRADD, DCX, DYNC1H1, KIF2A, KIF5C,
LIS1, NDE1, RELN, TUBA1A, TUBA8, TUBB, TUBB2B, TUBB3, TUBG1, VLDLR).
3. Pathology
a) Gross:
– the external surface of the brain reveals a marked paucity of gyri and sulci,
– markedly thickened cerebral cortex and significant diminution of the underlying white matter,
– periventricular heterotopia and white-matter heterotopia may also be observed,
– the ventricles are usually enlarged,
– the cerebellum may be hypoplastic.
b) Microscopy:
– Classically described as a four-layered cortex:
Layer I: molecular layer (which contains Cajal–Retzius neurons in most cases),
Layer II (thin): external granular layer (medium to large pyramidal neurons with variable degrees
of disorganization),
Layer III: sparse neurons (with tangential myelin fibers),
Layer IV (thick): inner neuronal layer (broad band of disorganized small and medium-sized neurons).
Practical guide: The gross examination of the cerebral hemispheres is an essential first step to understand cell migration disorders. Careful attention to the distribution of the malformation can guide
testing and understanding of the molecular basis of the malformation. Once documented, traditional coronal sections are best with careful measurements of the cortical thickness, nature of the
white matter and close observation of the cortical ribbon for festooning. Careful sectioning of cortex
from anterior to posterior and dorsal to ventral is important to fully characterize complex cortical
malformation resulting from neuronal migration defects
Simple H&E staining along with LFB labeling is the best place to start. Additional laminar
markers, such as RELN, TBR1, CUX2 and SATB2 are often helpful along with neuronal markers
like NeuN.
References:
Evsyukova I, Plestant C, and Anton ES. Integrative Mechanisms of Oriented Neuronal Migration in the Developing
Brain. Annu. Rev. Cell Cev Biol. (2013) 29:299-353.
Golden JA.Lissencephaly, Type I. Chapter 9 in Developmental Neuropathology, 2nd Edition (2018). Homa Adle-Biassette
(Editor), Brian N. Harding (Editor), Jeffrey A.Golden (Editor). Wiley-Blackwell. ISBN: 978-1-119-01310-5
Golden JA. Polymicrogyria. Chapter 11 in Developmental Neuropathology, 2nd Edition (2018). Homa Adle-Biassette (Editor),
Brian N. Harding (Editor), Jeffrey A.Golden (Editor). Wiley-Blackwell. ISBN: 978-1-119-01310-5
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6. Lissencephaly type II (cobblestone lissencephaly)
1. Definition:
Lissencephaly type II is a disease caused by alteration to the pial basement membrane (PBM) proteins, which causes it to weaken and become porous. This causes a deficiency of the glia limitans
superficialis and radial glial cell connectivity. As a result, migrating neural cells pass through the
pial gaps to form cell ectopia near the brain surface. This leads to loss of gyri and sulci, forming
irregularities on the brain surface and a so-called cobbled formation.
2. Epidemiology:
Mutations in 16 genes have been associated with the type II lissencephaly spectrum and all exhibit
autosomal recessive inheritance.
– abnormal glycosylation of alfa-dystroglycan caused by mutation in a genes like a POMT1, POMT2,
POMGNT1, LARGE, FKRP, and FKTN are present in a two third of cases with fetal cobblestone
Lissencephaly. However, one third of cases still remained unexplained.
– many cases have cerebellar and ocular abnormalities in addition to congenital muscular dystrophy.
– usually found in syndromes such as Fukuyama congenital muscular dystrophy (FCMD), muscleeye-brain disease (MEB), and Walker-Warburg syndrome (WWS).
3. Pathology
a) Gross:
– brain characterized a surface flattering with
lacks of gyri and characteristic cobblestone
appearance.
b) Microscopy:
– pial basal membrane rupture with disturbance of the glial scaffold,
– cerebral cortex is usually intensively thickened with neuronal lamina disorganization
forming heterotopic neurons in the outermost marginal zone and meninges,
– the cerebellar changes include cortical dysplasia with fusion of opposite folia,
– skeletal muscle shows classic features of
congenital muscular dystrophy.
References:
Golden JA. Lissencephaly, type II (cobblestone). In:
Golden JA, Harding BH, eds. Pathology & Genetics:
Developmental Neuropathology. Basel, Switzerland:
ISN Neuropath Press; 2004:44–48.
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7. Chiari malformations (CMs)
1. Definition: Chiari malformations (CMs) are structural defects of the cerebellum and brain stem
associated with reduced posterior fossa volume.
2. Epidemiology:
– multifactorial etiology: genetic (trisomy 13 and 18.), environmental (injury, toxins, infection), or
nutritional (maternal vitamin A deficiency).
3. Pathology
a) Gross:
The Chiari type I malformation (CM-I) is characterized by cerebellar tonsils that are abnormally
shaped and downwardly displaced below the level of the foramen magnum
The Chiari II malformation (CM-II) is characterized by downward displacement of inferior
cerebellar vermis and cerebellar tonsils and medulla through the foramen magnum into the upper
cervical canal.
The Chiari III malformation (CM-III) is displacement of the cerebellum into a cervical or low
occipital encephalocele.
b) Microscopy:
Disorganization of normal architecture; especially of cerebellar vermis in type II Chiari malformation
t"RVFEVDUBMBUSFTJBJOTPNFDBTFT
Practical guide: Like most developmental disorders, the gross examination of the cerebellum is
critical. How one approaches the cerebellum depends on the suspected disorder. For example, midline
defects like Dandy-Walker malformations and Jouberts are best examined using a midline sagittal
cut through the vermis. In contrast, maintaining the relationship between the brainstem and
cerebellum and coronal or longitudinal sections are often better for some the pontocerebellar
disorders and required for rhombo-encephalo-synapsis.
Again, the gross examination of the hindbrain is critical. For essentially all cases cross sections
of the hindbrain are most appropriate for the gross sectioning.
Almost all cerebellar histology can be completed with simple H&E staining. Depending on the
disorder and the need to assess myelin or neuronal populations one can add a LFB or immunolabeling based on the observations on H&E stains.
References:
Butts T, Green MJ, and Wingate RJT. Development of the Cerebellum: simple steps to make a ‘little brain’. Development
(2014) 141:4031-41.
Moens CB and Prince VE. Constructing the Hindbrain: Insights from the Zebrafish. Developmental Dynamics (2002)
224:1-17.
Adle-Biassette H and Golden JA. Chiari Malformations. Chapter 15 in Developmental Neuropathology, 2nd Edition
(2018). HomaAdle-Biassette (Editor), Brian N. Harding (Editor), Jeffrey A.Golden (Editor). Wiley-Blackwell. ISBN:
978-1-119-01310-5
Harding B and Laquerriere A. Brainstem Malformations. Chapter 17 in Developmental Neuropathology, 2nd Edition
(2018). HomaAdle-Biassette (Editor), Brian N. Harding (Editor), Jeffrey A. Golden (Editor). Wiley-Blackwell. ISBN:
978-1-119-01310-5
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8. Dandy–Walker malformation
1. Definition: is a congenital or postnatal malformation of the posterior fossa, defined by three
principal anomalies: fourth ventricular cyst, enlarged posterior fossa, and hypoplastic cerebellum
2. Epidemiology:
– multifactorial etiology: teratogens, infections, gestational diabetes, twinning, and hemorrhage
– possible genetic loci on chromosomes 3, 9, 13, and 18
3. Pathology
a) Gross:
– abnormalities of the cerebellar vermis ranging from hypoplasia to aplasia,
– cystic dilatation of the fourth ventricle,
– enlargement of the posterior fossa.
The Dandy–Walker malformation (DWM) spectrum of cystic fourth ventricle malformations
includes mega-cisterna magna (MCM), Blake’s pouch cyst (BPC), and DWM. In a previous nosology,
the “Dandy–Walker complex” was proposed to include MCM, BPC, DWM, and cerebellar vermis
hypoplasia (CVH).
References:
Millen K and Hevner RF. Dandy-Walker Malformation. Chapter 16 in Developmental Neuropathology, 2nd Edition
(2018). HomaAdle-Biassette (Editor), Brian N. Harding (Editor), Jeffrey A.Golden (Editor). Wiley-Blackwell. ISBN:
978-1-119-01310-5

9. Joubert syndrome
1. Definition: Joubert syndrome is an autosomal-recessive or X-linked inherited ciliopathy characterized by ataxia, hypotonia, abnormal eye movements, and intellectual disability.
2. Epidemiology:
- mutations in more than 30 genes, among them AHI1, CEP290, TMEM67, CC2D2A, and C5orf42
and X-linked genes, such as OFD1, have been identified.
3. Pathology
a) Gross
– severe vermian hypoplasia/aplasia, fourth ventriculomegaly, and “molar tooth” appearance of the
cerebral and superior cerebellar peduncles.
– the cerebellar hemispheres may be dysplastic, atrophic, or enlarged.
– abnormal corticospinal tracts and other malformations may be associated.
b) Microscopy:
– cerebellar cortex is normal or displays a reduced number of Purkinje cells
– heterotopia containing Purkinje cells, granule neurons, or deep nuclei neurons may be present in
the subcortical white matter
References:
Millen K and Hevner RF. Joubert Syndrome. Chapter 17 in Developmental Neuropathology, 2nd Edition (2018). HomaAdleBiassette (Editor), Brian N. Harding (Editor), Jeffrey A.Golden (Editor). Wiley-Blackwell. ISBN: 978-1-119-01310-5
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10. Cerebellar heterotopia/dysplasia
1. Definition:
The term “heterotopia” will refer to abnormal location of gray matter, typically within the white matter.
The term “dysplasia” will be used in a broader sense, referring to abnormalities of tissue development
and organization.
2. Epidemiology:
– Generally referred to as “heterotopia,” these developmental cell rests may be identified in over
50% of otherwise normal infants and are much more common than cerebral heterotopia.
– small cell heterotopias (probably represent normal variations of development);
– prominent heterotopias (trisomy 13, trisomy 18, cerebellar hypoplasias, and other migration
disorders)
Cerebellar dysplasia relates more directly to clinical features such as epilepsy and cognitive
defects.
Cerebellar dysplasias are most pronounced in the cerebroocular dysplasias that are associated
with type II lissencephaly.
3. Pathology
a) Gross
– in a case of Lissencephaly type II the branched folia are replaced by a smooth or irregularly fissured surface.
b) Microscopy
– Immature-appearing granular cell collections arranged in perivascular configuration;
– Mixed cell rest with perivascular granular cells separated from Purkinje-like neurons by a cell
poor molecular-like layer
– Dysplasia of dentate nucleus in a full-term infant with trisomy 18.
References:
Rivera-Zengotita M and Yachnis AT. Cerebellar Heterotopia and Dysplasia. Chapter 18 in Developmental Neuropathology, 2nd Edition (2018). HomaAdle-Biassette (Editor), Brian N. Harding (Editor), Jeffrey A.Golden (Editor).
Wiley-Blackwell. ISBN: 978-1-119-01310-5
Harding B and Laquerriere A. Brainstem Malformations. Chapter 17 in Developmental Neuropathology, 2nd Edition
(2018). HomaAdle-Biassette (Editor), Brian N. Harding (Editor), Jeffrey A. Golden (Editor). Wiley-Blackwell. ISBN:
978-1-119-01310-5
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