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Learning outcomes

• Distinguish prenatal or perinatal destructive injury from a primary malformation.

• Identify the major sites, morphology, and consequences of germinal matrix 
hemorrhage and periventricular leukomalacia.

• Recognize ulegyria, status marmoratus, and their clinicopathologic correlations.

• Explain why a static injury may produce later-emerging motor deficits.



Clinical importance of injury around birth

• Perinatal brain injury contributes importantly to childhood-onset neurologic disability.

• Neurologic consequences depend on the timing, distribution, and severity of tissue 
destruction.

• Morphologic injury may predate the clinical recognition of a motor disorder.



Timing determines the morphologic response

Early gestation →
Immature brain 

injury
→

Limited adult-type 
tissue reaction

→
Possible 

malformation mimic

• Early destructive events may lack the conspicuous reactive response seen after adult brain 
injury.

• Age at the time of injury is part of the pathologic interpretation.



Destructive injury versus malformation

Interpretive question Prenatal or perinatal destruction Developmental malformation

Primary event Loss of previously developing tissue Abnormal formation of tissue

Pathologic clue Hemorrhage, infarction, cystic loss
Abnormal structure may occur without 
destructive residua

Caution
Early injury may leave little reactive 
change

Morphologic overlap can be substantial



Why chronology matters

• Injury early in gestation can destroy tissue before conspicuous gliosis develops.

• Gross appearance at birth or later may not reveal when the damage occurred.

• Interpret anatomical loss together with clinical developmental chronology.



Anatomic patterns of perinatal brain injury

Anatomic compartment Named pattern Core morphologic feature

Germinal matrix / ventricle Germinal matrix hemorrhage Localized or extending hemorrhage

Periventricular white 
matter

Periventricular leukomalacia Necrosis, calcification, cysts

Cerebral cortex Ulegyria Thinned, gliotic gyral stalks

Basal ganglia and thalamus Status marmoratus Irregular, marble-like myelinization



The common destructive pathway

Prenatal / perinatal 
insult

→
Hemorrhage or 

ischemia
→ Loss of brain tissue → Neurologic sequelae

• Prenatal or perinatal ischemia is an important cause of destructive lesions.

• Clinical consequences vary with the injured region; The terms describe distinct morphologic 
outcomes.



Prematurity is an important context

• Premature infants have greater risk of germinal matrix hemorrhage with brain injury 
and hypoxic–ischemic events.

• Periventricular leukomalacia is particularly associated with premature infants.

• The injury pattern is therefore interpreted in the context of gestational maturity.



Site determines the lesion name

Site Event Recognizable endpoint

Germinal matrix Bleeding Hemorrhage; Possible ventricular extension

Periventricular white 
matter

Infarction Necrotic foci; Later cysts

Sulcal depths Cortical ischemia Ulegyria

Caudate / putamen / 
thalamus

Deep gray ischemia Neuronal loss, gliosis, status marmoratus



Cerebral palsy: A clinical descriptor

• The term denotes nonprogressive neurologic motor deficits attributed to prenatal or 
perinatal brain injury.

• Spasticity, dystonia, ataxia/athetosis, and paresis are characteristic deficits.

• Cerebral palsy is not the name of one specific histologic lesion.



Motor phenotypes represented by cerebral palsy

Term Type of motor abnormality

Spasticity Increased muscle tone in the motor phenotype

Dystonia Abnormal sustained or intermittent muscle contractions

Ataxia / athetosis Impaired coordination / involuntary writhing movements

Paresis Weakness of voluntary movement



Why a static lesion can emerge clinically later

Early brain insult →
Fixed destructive 

lesion
→

Continued child 
development

→
Motor deficits 

become apparent

• The neurologic lesion is nonprogressive; The phenotype may only declare itself during 
development.

• Later recognition of symptoms should not automatically be interpreted as a new brain 
injury.



Cerebral palsy is pathologically heterogeneous

• Autopsy examinations demonstrate a wide range of neuropathologic findings.

• Destructive lesions can reflect remote episodes of hemorrhage or infarction.

• A clinical label alone does not uniquely identify the lesion site or mechanism.



Clinical label and pathology answer different questions

Clinical term Pathologic assessment

Cerebral palsy describes persistent motor 
impairment.

Neuropathology identifies the injured region and 
tissue response.

Phenotype may be recognized as the child 
develops.

Remote hemorrhage and infarction may explain an 
established deficit.

Motor signs do not constitute a unique lesion.
Several structural patterns may underlie the same 
clinical category.



Clinical application: Delayed recognition

A child develops persistent abnormal muscle tone and involuntary movements after 
an apparently unremarkable early neonatal examination. Prior records suggest an 
event around delivery.

Interpret the morphologic clues

• What is meant by a nonprogressive motor deficit?

• Why might the abnormal movements become evident after birth?

• Can the motor phenotype alone identify a unique brain lesion?



Interpretation of the delayed-onset phenotype

• Nonprogressive describes the underlying motor-disorder category, not necessarily 
immediate visibility of signs.

• Functional demands increase as neural motor systems develop.

• Anatomical correlation is needed: Cerebral palsy encompasses varied destructive 
pathologies.



Germinal matrix hemorrhage: Clinical setting

• In premature infants, brain injury and hypoxic–ischemic events correlate with 
increased hemorrhage risk.

• The germinal matrix is the site of a characteristic hemorrhagic lesion in the developing 
brain.

• Hemorrhage severity varies from localized bleeding to extensive intracranial 
involvement.



The germinal matrix is near the caudothalamic junction

• Typical hemorrhage is near the 
developing thalamus–caudate junction.

• This periventricular location explains 
proximity to the ventricular cavity.

• Anatomic site is the distinguishing clue in 
a premature infant.

Lateral
Ventricle

Caudate / thalamic region

Hemorrhage at the caudothalamic junction

Schematic — regional relationships only; Not a specimen



Prematurity, ischemic injury, and hemorrhage

Prematurity
Hypoxic–ischemic brain 

injury
Germinal matrix 

hemorrhage

Associated clinical setting — not a universal causal sequence

• Prematurity and hypoxic–ischemic brain injury are associated with increased hemorrhage 
risk.

• The association does not establish a single obligatory pathway for every hemorrhage.



Localized germinal matrix bleeding

• Some hemorrhages remain small and anatomically confined.

• Bleeding can therefore be present without extension into the ventricular system.

• A localized focus and a ventricular cast represent different extents of injury.



Ventricular extension changes the anatomic compartment

• A hemorrhage may break into the 
ventricular system.

• Intraventricular blood is not synonymous 
with an isolated germinal matrix focus.

• Localization and extent should be 
described separately.

Lateral
Ventricle

Caudate / thalamic region

Hemorrhage extends into ventricular space

Schematic — regional relationships only; Not a specimen



Subarachnoid extension of hemorrhage

• Germinal matrix hemorrhage may also extend into the subarachnoid space.

• The ventricular and subarachnoid compartments can both be involved by extensive 
bleeding.

• This represents spread of hemorrhage rather than a distinct primary disease.



How severe hemorrhage can lead to hydrocephalus

Extensive 
hemorrhage

→
Blood involving CSF 

spaces
→

Disturbed CSF 
circulation / 
resorption

→ Hydrocephalus

• Hydrocephalus is a recognized complication of severe hemorrhage.

• The intervening CSF pathway is an explanatory schematic, not a statement of a single 
obligatory mechanism.



Outcome range of hemorrhagic injury

• Minor hemorrhage can remain localized; Severity is not uniform.

• Severe cases may lead to hydrocephalus.

• The most extensive hemorrhages can be fatal.



Anatomic extent of germinal matrix hemorrhage

Distribution Compartment affected Potential implication

Focal
Germinal matrix near caudothalamic 
region

Localized parenchymal hemorrhage

Extended Ventricular system Blood in CSF space

More extensive Subarachnoid space as well Complicated intracranial hemorrhage

Severe complicated CSF pathways Hydrocephalus may develop



Case: Preterm infant with ventricular hemorrhage

A preterm infant has a focal hemorrhage adjacent to the caudothalamic junction. 
Subsequent examination identifies blood within the ventricles and ventricular 
enlargement.

Interpret the morphologic clues

• What is the most likely site of hemorrhage origin?

• How has the distribution of bleeding changed?

• Which important complication is suggested by ventricular enlargement?



Germinal matrix hemorrhage: Integrated interpretation

• Context: Prematurity and associated hypoxic–ischemic injury.

• Site: The developing caudate–thalamus junction.

• Morphology: Localized blood or extension into ventricular / subarachnoid spaces.

• Complication: Hydrocephalus or death in severe presentations.



Periventricular leukomalacia: Definition

• A focal ischemic–necrotic lesion of supratentorial periventricular white matter.

• The lesion is particularly encountered in premature infants.

• Its characteristic trajectory can culminate in cystic white-matter destruction.



Anatomical target of periventricular leukomalacia

• Infarcts lie within the white matter 
adjacent to the ventricles.

• The source identifies supratentorial 
periventricular distribution.

• PVL is fundamentally a white-matter 
lesion, not a primary cortical lesion.

Lateral
Ventricle

Periventricular white-matter necrosis

Schematic — regional relationships only; Not a specimen



Prematurity and periventricular ischemic injury

• Prematurity is an important clinical context for this injury.

• Ischemia produces discrete necrosis in periventricular white matter.

• One should not equate all neonatal ischemic lesions with PVL: Location matters.



Gross appearance: Chalky yellow plaques

• Early or established infarcted foci can appear as chalky yellow plaques.

• These plaques correspond to discrete areas of white-matter necrosis.

• The gross color is a useful descriptive feature, not a substitute for anatomic 
localization.



Necrosis is the defining tissue lesion

• PVL consists of tissue destruction, not merely pallor of intact white matter.

• Discrete necrotic foci account for later loss of tissue substance.

• Necrotic foci explain how cavitary spaces may remain after injury evolves.



Dystrophic calcification in PVL

• Dystrophic calcification often accompanies the necrotic white-matter foci.

• It reflects mineral deposition in previously damaged tissue.

• Calcification is not described as universal, and its absence would not negate the 
essential lesion.



Morphologic evolution of severe periventricular injury

01

Ischemic event

The periventricular white 
matter undergoes infarction.

02

Necrotic focus

Chalky yellow plaques; 
Calcification may accompany 

necrosis.

03

Chronic lesion

Loss of tissue produces large 
cystic spaces.



Chronic periventricular leukomalacia: Cysts

• Severe PVL may leave large cystic spaces 
within white matter.

• Chronic cavitary lesions may affect 
periventricular white matter bilaterally.

• The cavities are a chronic consequence of 
prenatal or perinatal ischemic injury.

Lateral
Ventricle

Cystic residua in periventricular white matter

Schematic — regional relationships only; Not a specimen



Periventricular injury: Acute and chronic morphology

Phase Dominant pathologic observation Interpretation

Infarction Discrete necrotic white-matter focus Tissue death

Established lesion
Chalky yellow plaque; Possible dystrophic 
calcification

Necrotic residuum

Chronic severe lesion Large cystic spaces Tissue loss and cavitation



Cyst formation represents tissue loss

• Cavities follow extensive destruction of periventricular white matter.

• The spaces represent a chronic morphologic footprint of prior ischemia.

• Their distribution near the ventricles helps infer the original injury site.



Multicystic encephalopathy is more extensive

• The term applies when damage becomes extensive and includes both gray and white 
matter.

• It indicates a broader destructive process than a discrete periventricular white-matter 
infarct.

• The distinction is anatomical extent, not simply the number of visible cysts.



PVL versus multicystic encephalopathy

Feature Periventricular leukomalacia Multicystic encephalopathy

Principal 
distribution

Periventricular white matter Extensive gray and white matter

Basic event White-matter infarction / necrosis Widespread destructive brain injury

Late morphology Possible large periventricular cysts
Multiple cystic areas with wider tissue 
involvement



Case: Chronic periventricular cavities

A child with a history of prematurity has chronic bilateral cavitary defects in the white 
matter immediately adjacent to the lateral ventricles.

Interpret the morphologic clues

• What is the neuropathologic term for this injury pattern?

• Which earlier tissue event produced these cavities?

• What change in distribution would justify the term multicystic encephalopathy?



PVL: What morphology can and cannot establish

• Periventricular distribution plus necrotic or cystic residua supports a destructive injury 
pattern.

• Morphology may indicate ischemic tissue loss but cannot, alone, pinpoint the precise 
timing of the insult.

• Always distinguish observed structural features from inferred prenatal or perinatal 
mechanism.



Perinatal cortical ischemic injury

• A characteristic ischemic lesion is concentrated at the depths of cortical sulci.

• The cortical configuration becomes distorted as injured tissue heals.

• The resulting gyral shape is named ulegyria.



Ulegyria: A characteristic cortical shape

• Ischemic damage disproportionately affects 
the deep portions of sulci.

• Gyri become mushroom-shaped with 
narrowed stalks.

• The narrowed tissue contains reactive 
gliosis.

Broad-based 
gyrus

Thinned gliotic 
stalk

Schematic geometry; Cortical sections are not reproduced



The gliotic stalk reflects remote cortical injury

• In ulegyria, the narrow gyral stalk is an outcome of previous destructive ischemia.

• Gliosis indicates a reactive response to tissue injury.

• The broad gyral crown over a thin stalk is a distinctive spatial clue.



Cortical and periventricular ischemia are different patterns

Compartment Principal morphology Named term

Deep cortical sulci Mushroom-shaped gyri; Gliotic stalks Ulegyria

Periventricular white 
matter

Necrosis with cystic evolution
Periventricular 
leukomalacia



Deep gray nuclei are vulnerable

• The basal ganglia and thalamus may sustain perinatal ischemic injury.

• The principal affected deep structures include caudate, putamen, and thalamus.

• Lesions at these sites correlate with movement disorders.



Deep nuclear ischemia: Regional distribution

• The relevant sites are caudate, putamen, 
and thalamus.

• Patchy injury in these nuclei may coexist 
with cortical ischemic damage.

• The location helps explain the specific 
motor phenotype.

Lateral
Ventricle

Deep nuclear injury (schematic regions)

Schematic — regional relationships only; Not a specimen



Patchy neuronal loss and reactive gliosis

• Ischemic injury of the basal ganglia and thalamus causes patchy loss of neurons.

• Reactive gliosis forms part of the tissue response.

• These changes reflect tissue damage rather than a primary developmental 
malformation.



Status marmoratus: Abnormal myelin pattern

• In the chronic stage, aberrant and irregular myelinization gives the deep nuclei a 
marble-like appearance.

• The descriptive term for this pattern is status marmoratus.

• The term denotes abnormal architecture, not a literal deposit of marble-like material.



Why status marmoratus looks marbled

• The distribution of myelin becomes irregular 
after perinatal injury.

• This creates a visually mottled / marble-like 
pattern in deep nuclear tissue.

• A schematic can illustrate the principle but 
cannot substitute for authentic histology.

Abnormal irregular myelin pattern

Schematic only; Not histology



Deep nuclear injury and movement disorder

Caudate / putamen 
/ thalamus injury

→
Neuronal loss ±

gliosis
→

Disturbed motor 
circuit function

→ Choreoathetosis

• Deep nuclear lesions correlate with choreoathetotic movement sequelae.

• The circuit step is a conceptual clinicopathologic inference rather than a measured pathway 
result.



Two classic ischemic injury signatures

Feature Ulegyria Status marmoratus

Primary site Depths of cerebral cortical sulci Caudate, putamen, thalamus

Morphology Mushroom-shaped gyri; Gliotic stalks
Irregular myelinization; Marble-like 
pattern

Mechanistic theme Cortical ischemic tissue loss
Deep nuclear ischemia, neuronal loss / 
gliosis

Clinical link 
emphasized

Destructive cortical injury Choreoathetosis / movement disorder



Case: Choreoathetosis following early brain injury

A child with a history of prenatal or perinatal brain injury exhibits persistent 
choreoathetotic movements. Deep nuclear injury is identified at autopsy.

Interpret the morphologic clues

• Which neuroanatomic structures are implicated?

• What neuronal and glial changes would be expected?

• What does status marmoratus describe?



Across patterns: Clinical and pathologic correlation

Pattern Site / primary injury
Important clinical or structural 

consequence

Germinal matrix 
hemorrhage

Caudothalamic region; Hemorrhage Ventricular extension; Hydrocephalus

PVL Periventricular white matter; Ischemia Cysts after necrotic tissue loss

Ulegyria Depths of sulci; Ischemia Abnormal gyral architecture

Status marmoratus Deep gray nuclei; Ischemia
Movement sequelae including 
choreoathetosis



Questions for a neonatal brain specimen

• Which region is predominantly involved: Germinal matrix, ventricular space, white 
matter, cortex, or deep gray nuclei?

• Is the lesion hemorrhagic, necrotic, cystic, gliotic, or characterized by abnormal 
myelinization?

• Are findings compatible with an immature destructive lesion that may mimic 
malformation?

• How does lesion distribution relate to the documented motor phenotype?



Interpretive pitfalls in perinatal neuropathology

Pitfall Corrective reasoning

Assuming an early destructive lesion is a 
malformation

Consider limited reactive change in early gestation.

Treating cerebral palsy as one morphologic 
diagnosis

Recognize clinical syndrome with heterogeneous lesions.

Using PVL for any ischemic neonatal brain injury Require periventricular white-matter involvement.

Treating a marbled pattern as a vascular lesion 
itself

Status marmoratus describes abnormal myelinization.



A practical lesion-classification pathway

Identify brain 
compartment

→
Characterize tissue 

injury
→

Name morphologic 
pattern

→
Relate to clinical 

outcome

• Site and morphologic evolution provide the most defensible lesion labels.

• Clinical correlation is relevant, but the motor phenotype alone does not establish the 
neuropathologic diagnosis.



Integrated case: Distinguish four lesion patterns

Four neonatal or childhood neuropathology descriptions are presented: (A) blood 
near caudothalamic junction; (B) cysts around ventricles; (C) thinned sulcal gyral 
stalks; (D) marble-like deep nuclear change.

Interpret the morphologic clues

• Identify the named lesion for each description.

• Which two lesions are particularly associated with prematurity?

• Which pattern specifically correlates with choreoathetosis?



Integrated case: Morphologic answers

• A — Germinal matrix hemorrhage; Consider ventricular and subarachnoid extension.

• B — Periventricular leukomalacia with chronic cystic tissue loss.

• C — Ulegyria after ischemic injury centered at sulcal depths.

• D — Status marmoratus in deep nuclei; Possible movement sequelae.



High-yield recognition table

Key observation Morphologic diagnosis

Premature infant; Caudothalamic hemorrhage Germinal matrix hemorrhage

Chalky yellow white-matter foci / periventricular cysts Periventricular leukomalacia

Severe extensive lesions of gray and white matter Multicystic encephalopathy

Mushroom-shaped gyri with thinned gliotic stalks Ulegyria

Irregular myelinization of deep gray nuclei Status marmoratus



Final clinicopathologic synthesis

• Timing affects the visibility of tissue reaction, sometimes obscuring the distinction 
from malformation.

• Premature infants are especially associated with germinal matrix hemorrhage and 
periventricular leukomalacia.

• Ischemic injury can produce characteristic cortical ulegyria or deep nuclear status 
marmoratus.

• Cerebral palsy is a nonprogressive motor phenotype arising from heterogeneous 
destructive injuries.
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