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Learning outcomes

• Describe the characteristic pontine distribution and potential extrapontine lesions.

• Relate osmotic disturbances to oligodendrocyte injury and myelin loss.

• Recognize the key histopathologic features and severe neurological outcomes.

• Distinguish osmotic demyelination from inflammatory demyelinating diseases.



Position within demyelinating disorders

Disease mechanism

• Central pontine myelinolysis: Osmotic 
association

• Multiple sclerosis: Inflammatory 
demyelination

• Neuromyelitis optica: AQP4-related 
astrocytopathy

Pathologic interpretation

• A lesion pattern can suggest a causal setting.

• Identical use of “myelin loss” does not imply 
identical pathogenesis.

• Mechanism and distribution are 
complementary diagnostic clues.



The defining abnormality

Acute, predominantly pontine loss of myelin

• The base of the pons is the characteristic site.

• Portions of the pontine tegmentum can also be involved.

• Lesions are typically roughly symmetric.

Anatomic distribution + myelin loss = core identity



CPM and ODS: Related, not identical terms

Central pontine myelinolysis

• Names the classic central pontine lesion.

• Emphasizes the characteristic brainstem 
topography.

• Historically describes the prototypical lesion.

Osmotic demyelination syndrome

• Clinical designation for osmotic 
demyelination.

• Allows pontine and extrapontine 
involvement.

• Centers the osmotic disturbance as the 
etiologic context.



Central disease sequence

Rapid rise in
Osmolality →

Oligodendrocyte
Injury →

Myelin loss in
Predilection sites →

Severe motor
Deficits

• The association is established; The precise cellular mechanism remains uncertain.

• A rise in osmolality is not itself a histologic diagnosis.



Pons: Topographic orientation

Upper brainstem

Pons

Medulla

• The pons is a segment of the 
brainstem.

• The pontine base is the major 
location named in CPM.

• Portions of the tegmentum may be 
affected.



The pontine base is the central target

Upper brainstem

Pons

Medulla

• Dominant lesion location in the 
classic description.

• “Central pontine” refers to location, 
not to a uniform lesion throughout 
the brain.

• Base involvement provides a 
clinicopathologic bridge to major 
motor deficits.



Tegmentum: Variable additional involvement

Upper brainstem

Pons

Medulla

• Involvement of portions of pontine 
tegmentum.

• The defining process is not confined 
strictly to ventral pontine tissue.

• Distribution must be described 
precisely rather than treated as all-or-
none.



Symmetry is typical, not mathematically exact

Upper brainstem

Pons

Medulla

• The expected pattern is roughly 
symmetric.

• The term “roughly” avoids an 
unjustified claim of mirror-image 
identity.

• Use symmetry together with the 
osmotic history and tissue findings.



Symmetric distribution: An interpretive clue

Pattern recognition requires more than one feature

• A bilateral lesion pattern supports the classic description.

• Symmetry alone is not pathognomonic.

• Combine topography with time course and noninflammatory demyelination.

Pattern → clinical context → pathology



What demyelination means

Myelin sheath

Axon

Editable schematic — not histology

• Myelin surrounds CNS axons and 
supports their function.

• CPM primarily describes loss of 
myelin rather than wholesale axon 
destruction.

• Oligodendrocytes are implicated in 
the injury.



Oligodendrocytes: Implicated target cells

Myelin sheath

Axon

Oligodendrocyte (conceptual)

Editable schematic — not histology

• Oligodendrocytes produce CNS 
myelin.

• Robbins implicates oligodendrocyte 
damage after rapid osmotic shifts.

• The cellular injury pathway is 
described as uncertain.



Myelin and axons are different targets

Myelin sheath

Axon

Editable schematic — not histology

• Loss of the myelin sheath does not 
require loss of the axon itself.

• In CPM, axons are described as well 
preserved.

• This distinction is critical when 
interpreting a demyelinating lesion.



Typical etiologic setting

Hyponatremia → Rapid correction →
Rapid osmolar

Change →
Osmotic

Demyelination

• The source identifies rapid correction of hyponatremia as the most common setting.

• It does not assert that every sodium correction causes this complication.



Hyponatremia is the prototypical context

The clinical history often begins before the neurological syndrome

• Hyponatremia precedes the correction-associated osmotic shift.

• The timing of correction is relevant to interpreting new deficits.

• An isolated sodium value does not establish CPM.

Clinical chronology matters



Why the rate of correction matters

A rapid rise in osmolality is the implicated insult

• Rapid osmotic increases with oligodendrocyte damage.

• The mechanism is incompletely understood.

• The preventive principle is slow, careful correction of hyponatremia.

No numerical correction limit is given in the source excerpt



Neurological delay after rapid correction

Hyponatremia Rapid correction
Typical onset: 2–6 days 

later

• Clinical deterioration may be delayed relative to the osmotic event.

• The stated 2–6-day interval is typical, not a universal diagnostic rule.

• A careful timeline can connect apparently separated events.



Clinical timing is not the timing of cell injury

Observed symptoms and cellular events are not interchangeable

• Clinical emergence typically 2–6 days after rapid correction.

• The exact onset and progression of oligodendrocyte injury are not defined.

• Avoid treating the symptom window as a measured cellular time course.

Distinguish evidence from mechanistic inference



Other osmolar disturbances may be involved

Severe electrolyte
Disturbance →

Osmolar
Imbalance →

Possible osmotic
Demyelination

• Rapid correction of hyponatremia is most common, not exclusive.

• The source does not provide an exhaustive list of alternative triggers.



Typical trigger versus broader syndrome

Most commonly described

• Rapid correction of hyponatremia.

• Characteristic delay after the correction.

• Pontine myelin loss is prototypical.

Also described

• Other severe electrolyte disturbances.

• Other osmolar imbalances.

• Similar extrapontine demyelinating lesions.



Mechanism: What is established and uncertain

Rapid increase
In osmolality →

Apparent injury to
Oligodendrocytes →

Demyelinating
Lesions

• Supported association: Rapid osmotic change and oligodendrocyte injury.

• Unresolved: Precise molecular and cellular mechanism of the damage.



Do not invent a molecular cascade

A mechanism can be plausible without being verified

• The Robbins passage expressly describes the mechanism as uncertain.

• No specific ion channel, transporter, or signaling cascade is identified.

• Maintain uncertainty even when drawing a simplified causal diagram.

Mechanism diagram = conceptual, not biochemical proof



Selective vulnerability: Myelin loss

Myelin sheath

Axon

Myelin missing from central segments

Editable schematic — not histology

• Myelin is lost in the affected white 
matter.

• Axons and neurons remain relatively 
intact in the source description.

• The injury pattern fits a 
demyelinating process, not 
widespread necrosis.



Myelin loss is not equivalent to axonal death

In CPM lesions

• Loss of myelin is the primary described 
feature.

• Axons remain well preserved.

• Neurons are well preserved.

What must not be inferred

• Not all myelinated axons are destroyed.

• Not all pontine neurons die.

• Clinical severity is not proof of extensive 
neuronal necrosis.



Inflammation is absent from the lesions

A decisive distinction from many inflammatory demyelinating lesions

• Inflammation is absent.

• A heavy lymphocytic infiltrate is not part of its typical described morphology.

• This does not by itself diagnose CPM without the rest of the pattern.

Noninflammatory demyelination



Synchronous onset shapes histology

Injury begins
In a related period →

Lesions evolve
Together →

Similar stage of
Myelin loss and reaction

• All lesions appear at the same stage in the Robbins description.

• Uniform lesion age differs from widely asynchronous, recurrent lesion formation.



Uniform lesion stage: A temporal footprint

The histology reflects a relatively synchronous insult

• The source describes lesions at the same stage of myelin loss.

• The corresponding tissue reaction is likewise similar in age.

• It supports an acute common event rather than repeatedly arising independent lesions.

Single systemic insult → temporally aligned injury



Microscopic signature of CPM

Feature Characteristic finding Diagnostic meaning

Myelin Loss in involved regions Defines the lesion

Axons Well preserved
Distinguishes sheath loss from axon 

destruction

Neurons Well preserved Not diffuse neuronal necrosis

Inflammation Absent Noninflammatory lesion

Lesion stage Uniform stage Synchronous insult



Extrapontine lesions can also occur

Upper brainstem

Pons

Medulla

• Lesions with similar appearance and 
apparent etiology may lie outside the 
pons.

• The wider designation is osmotic 
demyelination syndrome.

• An extrapontine site does not negate 
the osmotic process.



Pontine versus extrapontine involvement

Pontine pattern

• Classic distribution: Pontine base.

• Tegmentum can be partly involved.

• Lesions are often roughly symmetric.

Extrapontine pattern

• Similar demyelinating changes elsewhere.

• The apparent etiology is shared.

• Exact extrapontine structures are not 
specified in the source passage.



Periventricular regions are spared

Upper brainstem

Pons

Medulla

• Sparing of periventricular areas.

• This is a distributional qualifier, not a 
claim of universal imaging exclusion.

• Compare with the periventricular 
predilection of multiple sclerosis.



Subpial regions are spared

Upper brainstem

Pons

Medulla

• The description also explicitly 
excludes subpial involvement.

• This differs from the recognized 
subpial demyelination of multiple 
sclerosis.

• Keep the statements about lesion 
distribution distinct from histologic 
mechanism.



Caudal extension is very unusual

Rare below this level

Upper brainstem

Pons

Medulla

• The process rarely extends below the 
pontomedullary junction.

• This is a strong qualifier, not an 
absolute impossibility.

• Do not extend the schematic lesion 
throughout the spinal cord.



Topographic rules

Region / pattern Source description Interpretation

Pontine base Classically affected Defining distribution

Pontine tegmentum Portions can be involved Partial extension

Extrapontine sites May also occur Broader ODS

Periventricular / subpial Spared Important qualifier

Below pontomedullary 
junction

Extremely rare Caudal boundary



From pontine injury to motor dysfunction

Pontine
Demyelination →

Disrupted motor
Pathway function →

Rapidly evolving
Quadriplegia

• The textbook associates CPM with rapidly evolving quadriplegia.

• The depicted tract-level connection is a neuroanatomic teaching model, not lesion-specific 
tract mapping.



Rapidly evolving quadriplegia

Motor deficits can progress quickly and extensively

• Quadriplegia affects all four limbs.

• A rapidly evolving course is central to the description.

• A preceding osmotic disturbance changes how this syndrome is interpreted.

Severe bilateral motor impairment



Locked-in syndrome: Essential dissociation

Severe brainstem
Motor dysfunction →

Marked loss of
Responsive movement →

Consciousness
Preserved

• Patients as conscious despite appearing unresponsive.

• The distinction is between level of awareness and ability to express a response.



Consciousness versus observable response

What the patient retains

• Conscious awareness in locked-in syndrome.

• Ability to experience and comprehend is not 
excluded by paralysis.

• Consciousness must not be judged from 
motion alone.

What may be severely impaired

• Voluntary motor output is severely 
restricted.

• The patient may appear unresponsive.

• Severe quadriplegia may accompany the 
syndrome.



Outcomes: Potentially fatal or disabling

Survival does not guarantee neurological recovery

• The syndrome may be fatal.

• Severe long-term deficits are possible.

• Locked-in syndrome exemplifies profound surviving disability.

High clinical stakes despite relative axonal preservation



Severe function loss with tissue preservation

Pathologic observation

• Neurons described as well preserved.

• Axons described as well preserved.

• Myelin has been lost.

Clinical observation

• Motor deficits may be profound.

• Quadriplegia can evolve rapidly.

• Locked-in syndrome may occur.



Prevention is integral to pathology teaching

The trigger is potentially avoidable

• Careful correction of hyponatremia is strongly emphasized.

• Avoid unnecessary rapid osmotic shifts.

• Use validated clinical protocols rather than inferring a numerical target here.

Prevention follows directly from the etiologic association



Clinical chronology: Reconstruct the exposure

Pre-existing
Electrolyte disorder

Management /
Osmotic change

Subsequent
Neurological decline

• Record whether hyponatremia or another osmolar disturbance preceded deficits.

• Establish the order of correction and symptom onset.

• The typical 2–6-day delay makes longitudinal history critical.



Case 1: Delayed motor deterioration

CLINICAL OR PATHOLOGY VIGNETTE

A patient is treated for hyponatremia. Four days after a rapid correction, rapidly progressive 
weakness develops in all four limbs.

Which pathology pattern would this history make important to consider?

Consider osmotic demyelination, particularly the classic central pontine pattern.

The event, delay, and quadriplegia follow the textbook pattern; The history alone is not definitive.



Case 2: Interpret the tissue findings

CLINICAL OR PATHOLOGY VIGNETTE

A pontine lesion shows marked myelin loss, preserved axons and neurons, and no appreciable 
inflammation.

Does this favor demyelination or widespread neuronal necrosis?

It favors a demyelinating lesion.

Selective myelin loss plus tissue preservation describes the CPM pathologic signature.



Case 3: Revise an overconfident diagnosis

CLINICAL OR PATHOLOGY VIGNETTE

An observer describes a roughly symmetric pontine abnormality and concludes that central 
pontine myelinolysis is proven.

What additional information is essential?

Clinical osmotic history, temporal sequence, and tissue or imaging context.

Topographic symmetry alone is not unique to one disease; This is an interpretation principle.



CPM compared with multiple sclerosis

Feature CPM Multiple sclerosis

Associated process Osmotic disturbance Inflammatory demyelination

Inflammatory cells Absent in described lesions Present in active plaques

Typical pattern Roughly symmetric pons Multifocal plaques

Lesion timing Synchronous stage Active and inactive lesions coexist

Location clue Subpial/periventricular spared Periventricular and subpial involvement



CPM compared with neuromyelitis optica

Feature CPM AQP4-related NMO

Dominant mechanism Osmotic association Autoantibody-associated astrocytopathy

Target / pathology Myelin loss; Oligodendrocyte injury
Astrocyte injury with secondary 

demyelination

Inflammation Absent in CPM lesions Inflammatory infiltrates described

Core clinical pattern Quadriplegia / locked-in Optic neuritis and myelitis



CPM compared with acute disseminated encephalomyelitis

Feature CPM ADEM

Context Rapid osmotic disturbance Often follows infection

Mechanism category Osmotic demyelination Inflammatory demyelination

Lesion temporal pattern Similar stage of injury Monophasic lesions often similar age

Clinical emphasis Rapidly evolving quadriplegia Encephalopathic features



Demyelination: Four patterns, four contexts

Entity Causal/immune context Useful discriminating clue

CPM / ODS Osmotic disturbance
Pontine, noninflammatory; Delayed 

after correction

Multiple sclerosis Inflammatory CNS disease Plaques with inflammatory activity

AQP4-NMO Antibody-mediated astrocytopathy Optic nerve/spinal cord syndrome

ADEM Often postinfectious monophasic
Widespread acute demyelinating 

syndrome



Case 4: Sodium history is absent

CLINICAL OR PATHOLOGY VIGNETTE

A patient has a severe osmolar imbalance but no documented rapid correction of hyponatremia. A 
compatible demyelinating syndrome develops.

Does the absent classic trigger exclude ODS?

No. Robbins also recognizes other severe electrolyte disturbances and osmolar imbalances.

A common trigger is not an exclusive criterion.



Case 5: The lesions are outside the pons

CLINICAL OR PATHOLOGY VIGNETTE

A compatible clinical syndrome follows a major osmotic disturbance, but the suspected 
demyelinating lesions are extrapontine.

Must the process be rejected because the pons is not the sole affected site?

No. Extrapontine osmotic demyelinating lesions are described.

The broader term ODS covers the clinical syndrome beyond classic CPM.



Case 6: Synchronize pathology and chronology

CLINICAL OR PATHOLOGY VIGNETTE

Several demyelinating lesions show a similar degree of myelin loss and tissue reaction after a 
single osmotic disturbance.

What does the comparable lesion stage suggest?

A relatively synchronous period of tissue injury.

Lesions as being at the same stage after a common insult.



Case 7: Absent inflammatory infiltrates

CLINICAL OR PATHOLOGY VIGNETTE

Marked myelin loss is seen in a typical pontine distribution. Axons remain preserved, without the 
active inflammatory infiltrates characteristic of an MS plaque.

Which mechanistic class is more consistent?

A noninflammatory demyelinating process such as CPM.

The pathologic pattern is consistent, but clinical correlation remains necessary.



Integrated clinicopathologic reasoning

Osmotic /
Electrolyte context →

Appropriate
Time relationship →

Pontine ± extra-
Pontine pattern →

Myelin loss with
Relative preservation

• Treat all four elements as converging evidence, not an invented formal score.

• The passage provides no formal diagnostic algorithm or numerical threshold.



Five principles worth retaining

A concise neuropathology synthesis

• Classic location: Symmetric pontine base ± tegmentum.

• Typical event: Rapid correction of hyponatremia; Onset often 2–6 days later.

• Morphology: Myelin loss with preserved axons and neurons; No inflammation.

• Scope: Extrapontine lesions; Periventricular and subpial sparing.

Clinical stakes: Quadriplegia, locked-in syndrome; Cautious prevention



Primary references

Robbins, Cotran & Kumar. Pathologic Basis of Disease. 11th edition (2026). Chapter 28: The Central 
Nervous System; Central Pontine Myelinolysis, p. 1158.

Related textbook sections: Multiple Sclerosis, Neuromyelitis Optica, and Acute Disseminated 
Encephalomyelitis, pp. 1156–1158.

Constructed diagrams are original, editable schematics based on the text; they are not original clinical 
or histologic evidence.
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