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Learning objectives

Recognize

Identify the classic optic nerve–spinal cord 
presentation and its important clinical 
implications.

Explain

Trace AQP4 antibody activity from astrocyte 
injury to secondary demyelination.

Interpret

Relate necrosis, granulocytes, complement 
and AQP4 loss to the tissue lesion.

Differentiate

Compare NMO with multiple sclerosis, 
MOGAD and related demyelinating 
syndromes.

Therapeutic principles are linked to the immunopathology rather than presented as prescribing guidance.



Acquired demyelination: The parent concept

• Demyelinating diseases damage previously formed CNS myelin.

• Axons may be relatively preserved initially, even when conduction is impaired.

• Later axonal injury and incomplete remyelination influence lasting disability.

• NMO belongs in this group but has a distinctive antibody-associated cellular target.



NMO is a combined optic–spinal syndrome

• Classic NMO features bilateral optic neuritis together with spinal cord demyelination.

• The two presentations may begin synchronously or nearly synchronously.

• The clinical pattern defines a severe, anatomically focused immune-mediated disorder.

• Recognizing both anatomical sites is more informative than labeling an isolated symptom.



Anatomical localization explains the syndrome

Optic pathway Spinal cord

Bilateral optic neuritis

Cord myelin injury

Illustrative localization, not a diagnostic scan



The timing of neurologic events matters

The classic definition emphasizes anatomical combination and temporal proximity.

Optic neuritis

Inflammation affects both optic 
nerves.

Near-synchronous onset

Optic and cord manifestations 
occur close in time.

Spinal demyelination

Myelin injury disrupts cord 
function.

The textbook defines a syndrome; This alone should not be mistaken for a complete modern 
diagnostic algorithm.



Optic nerve inflammation produces visual dysfunction

• Optic neuritis places visual impairment at the center of the clinical 
presentation.

• Bilateral optic nerve involvement is part of the classic NMO 
description.

• Because the optic nerves are CNS structures, the injury belongs to 
central demyelinating pathology.

• Visual deficits provide a functional readout of injury at a discrete 
white-matter pathway.

Clinicopathologic 
link

Inflammatory injury 
to a conducting 

pathway can impair 
its neurologic 

output.



Spinal cord demyelination explains limb and autonomic deficits

• Myelin loss within spinal pathways compromises motor and sensory 
conduction.

• Cord disease can cause limb and trunk deficits; Severity depends on 
pathway involvement.

• Spasticity and bladder or bowel dysfunction are recognized effects of 
inflammatory cord lesions.

• The exact clinical deficit cannot be inferred from the word 
“demyelination” alone.

Important 
boundary

These are general 
spinal-cord 

clinicopathologic 
consequences in 

the adjacent 
Robbins section, 

not NMO-specific 
rates.



Two injured pathways can produce major disability

Optic pathways
Visual dysfunction can directly affect independence and day-to-
day function. The presenting deficit is an indicator of tissue 
injury, not simply a diagnostic label.

Spinal pathways
Cord involvement adds motor, sensory and autonomic deficits; 
Simultaneous involvement of both sites may create a large 
functional burden.

Functional implications are anatomical interpretation, not a claim of disease-specific prevalence.



NMO often recovers poorly after the first attack

• Poorer recovery from the initial NMO attack than is typical for MS.

• A severe first event can leave important residual neurologic dysfunction.

• Initial severity matters because demyelination may coexist with tissue necrosis.

• Avoid extrapolating a precise prognosis for an individual from this qualitative comparison.



Female predominance is particularly marked in NMO

AQP4-associated NMO

• Female predominance is more 
pronounced than in MS.

• This is a population tendency, not a 
diagnostic criterion.

• It does not establish antibody status in 
an individual.

MOG-antibody-associated disease

• No corresponding female 
predominance.

• Sex distribution is one contrast 
between the antibody-associated 
groups.

• Sex alone does not distinguish these 
conditions.

Direction of sex bias, but gives no NMO-specific percentages.



Immune-mediated disease: Distinguish primary targets

A target-specific mechanism distinguishes AQP4-NMO from a purely descriptive 
demyelinating syndrome.

AQP4-associated NMO

Antibodies react with an 
astrocyte water channel.

Primary cellular injury

Astrocyte and barrier injury is 
central.

Secondary tissue injury

Demyelination follows in 
affected CNS tissue.

AQP4 autoantibodies are as pathogenic.



AQP4 antibodies characterize most NMO cases

• Aquaporin-4 (AQP4) autoantibodies are the principal antibody association reported in NMO.

• Robbins explicitly identifies these antibodies as pathogenic.

• AQP4 directs attention to astrocytes rather than treating myelin as the only primary target.

• Molecular identity of the antibody explains the different tissue injury pattern.



MOG antibodies indicate a distinct associated disease

• A less common group has myelin oligodendrocyte glycoprotein antibodies instead.

• This group as MOG antibody-associated disease (MOGAD).

• The MOG and AQP4 categories have different reported sex and course patterns.

• Do not treat the antibody names as interchangeable biochemical markers.



AQP4 is an astrocytic water channel

Vascular compartment

Blood / vascular lumen

Blood–brain barrier Astrocyte

AQP4: Principal astrocytic water channel

Compartment relationships are simplified



Astrocytes form the primary injury compartment

• AQP4 is described as the major astrocytic water channel.

• Antibodies recognizing AQP4 damage the astrocytes bearing the 
antigen.

• In AQP4-NMO, astrocyte injury is primary; Myelin loss is secondary.

• This order is central to correctly interpreting tissue pathology.

Mechanism

AQP4 autoantibody 
→ astrocytic injury 

→ downstream 
demyelination



The blood–brain barrier is injured along with astrocytes

• AQP4 antibody action to damage of astrocytes and the blood–brain barrier.

• Barrier injury provides a mechanistic context for vascular immune deposits.

• Infiltrating inflammatory cells accompany destructive white-matter lesions.

• The pathology involves interacting glial, vascular and immune compartments.



Primary astrocytopathy precedes secondary demyelination

Pathogenesis as

Pathogenic AQP4 Ig

Antibody recognizes 
astrocytic AQP4.

Astrocytopathy

Astrocytes and barrier 
become damaged.

Inflammation

Immune deposits and 
inflammatory cells 
accompany injury.

Demyelination

White matter loses 
myelin secondarily.

Schematic causal sequence: It does not imply a fixed numerical latency between steps.



Why “astrocytopathy” is the correct mechanism label

Primary event

• Pathogenic antibody targets astrocyte 
AQP4.

• Astrocyte damage is upstream in the 
causal description.

• Loss of AQP4 staining supports this 
compartment being affected.

Secondary event

• Myelin injury is an important 
downstream consequence.

• White-matter lesions may become 
necrotic.

• The demyelinating phenotype alone 
does not identify the first injured cell.



Clinical demyelination is the output of tissue injury

Tissue level
Inflammatory glial injury affects white-matter integrity; Myelin 
damage can markedly impair conduction before all axons are 
lost.

System level Disrupted signaling through optic or spinal pathways produces 
visual or motor/sensory deficits according to the site of injury.

Conduction and secondary axonal injury are general principles in the parent demyelinating-disease section.



Follow the causal chain, not only the clinical label

1. Antigen

Aquaporin-4 is present in the astrocytic 
compartment.

2. Antibody

AQP4 immunoglobulin is pathogenic in the 
associated NMO subset.

3. Tissue injury

Astrocytes and barrier are damaged; 
Inflammatory deposits appear.

4. Disability

Secondary myelin loss compromises 
neurologic pathways.

Numbering expresses causal explanation, not separately established disease stages.



Loss of tissue AQP4 is a pathological readout

• Loss of aquaporin-4 expression within affected white-matter areas.

• AQP4 loss is anatomically consistent with the described astrocytic injury.

• Expression loss must be interpreted within lesional tissue and its inflammatory context.

• It is a morphological observation, not a supplied sensitivity or specificity statistic.



Immune deposition links vessels to tissue injury

• AQP4-associated NMO lesions may exhibit vascular immunoglobulin deposition.

• Complement is also found deposited in association with affected vessels.

• Together, these findings indicate an antibody-associated inflammatory component.

• Localization of deposits is more informative than treating inflammation as nonspecific.



Complement is a treatment-relevant injury pathway

Pathology connects immune deposition to a therapeutically targeted cascade.

Pathogenic Ig

Disease-associated autoantibody 
is present.

Complement activity

Complement deposition is seen 
in vessels.

Terminal effector

The C5–C9 membrane-attack 
complex is a therapeutic target.

The slide does not specify components or kinetics beyond Robbins wording.



B-cell-directed therapy links back to antibody burden

Upstream B-cell depletion is presented as one long-term approach to 
decreasing circulating pathogenic antibody titers.

Downstream Complement inhibition targets the damaging effector system 
after antibody-associated immune activation.

These are mechanisms of therapeutic classes named by Robbins; Not a clinical treatment algorithm.



White matter is the main described lesion compartment

• Robbins characterizes the destructive lesions in damaged white matter.

• The pathological description emphasizes necrosis, leukocyte infiltration and immune 
deposition.

• NMO should not be reduced to “loss of myelin without other tissue injury.”

• The combination of glial, vascular and inflammatory abnormalities is diagnostically 
meaningful.



Necrosis marks destructive NMO tissue injury

• Necrosis is typically present in the damaged white-matter areas described.

• Necrosis represents destructive tissue injury in addition to myelin breakdown.

• A severe tissue lesion is consistent with the textbook’s concern about poor initial recovery.

• The causal linkage between necrosis and outcomes here is interpretive, not quantified.



Neutrophils are part of the NMO infiltrate

• The tissue inflammatory infiltrate often includes neutrophils.

• Neutrophils are also frequently found among increased CSF leukocytes.

• Granulocytes are therefore relevant in both tissue and fluid observations.

• Presence of neutrophils must be interpreted within the full disease context.



Eosinophils add specificity to the tissue description

• Eosinophils are explicitly listed within the characteristic NMO inflammatory infiltrate.

• They accompany neutrophils in the affected white-matter lesions.

• Eosinophils are one component of a larger pathological constellation.

• Robbins does not assign a numerical eosinophil count or diagnostic threshold.



Inflammation in NMO is not a single-cell population

Neutrophils

A prominent inflammatory component in 
tissue and sometimes CSF.

Eosinophils

An additional granulocytic element noted in 
damaged white matter.

Immunoglobulin

Vascular antibody deposition accompanies 
lesions.

Complement

Deposition implicates antibody-linked 
effector injury.

These coexisting findings are summarized; Individual lesion composition varies.



Vascular immunoglobulin is an anatomical clue

• Vascular Ig deposition is listed among the pathological findings.

• The vascular location supports evaluation of the barrier-associated injury compartment.

• It should be read alongside necrosis, inflammation and AQP4 loss.

• Isolated detection is not presented by Robbins as a standalone diagnostic rule.



Vascular complement deposition is a second clue

• Complement deposits accompany immunoglobulin in the characteristic description.

• This finding supports an immune-effector mechanism at the vascular interface.

• It provides a rationale for complement-directed long-term therapy.

• No grading system or quantitative staining cutoff is specified in the source.



AQP4 expression loss complements the immune findings

Immune evidence

• Immunoglobulin in vascular 
distribution.

• Complement in affected vessels.

• Neutrophilic and eosinophilic 
inflammation.

Target-tissue evidence

• AQP4 expression is lost in damaged 
areas.

• Astrocytic injury precedes myelin loss.

• White-matter necrosis documents 
severe tissue damage.

Do not infer stain performance or mandatory criteria absent from the supplied text.



The NMO pathological constellation

Schematic tissue-level features of AQP4-associated NMO

Vessel

Immunoglobulin deposition Complement deposition

Neutrophils + eosinophils Astrocytic AQP4 loss

Schematic only — not a clinical or histologic specimen



Read morphology as a pattern, not a checklist

• Necrosis identifies tissue destruction; Leukocytes identify active inflammation.

• Vascular immunoglobulin and complement localize immune effector activity.

• AQP4 loss identifies involvement of the molecular target-bearing compartment.

• Coherence of these findings supports the pathological account of astrocytopathy.



What pathology alone cannot establish here

• The excerpt provides no formal lesion grading or staging system.

• No sensitivity, specificity or required immunostain panel is stated.

• No MRI lesion-length threshold or formal serological cutoff is given.

• A responsible lecture should not manufacture missing diagnostic criteria.



CSF contains inflammatory white blood cells

• White blood cells are commonly found in NMO cerebrospinal fluid.

• Neutrophils may be represented among those CSF leukocytes.

• The fluid findings parallel an active immune-inflammatory process.

• Robbins provides no cell-count cutoff or cell differential percentage for NMO.



Tissue and CSF observations can be integrated

Convergent, not interchangeable, evidence of CNS inflammation.

Tissue infiltrate

Neutrophils and eosinophils in 
damaged white matter.

Vascular deposits

Immunoglobulin and 
complement accompany injury.

CSF signal

CSF often contains leukocytes, 
including neutrophils.

The source does not establish any single one of these observations as diagnostic on its own.



Specimen interpretation: Preserve the evidence hierarchy

1. Describe

Record necrosis and the precise type of 
inflammatory infiltrate.

2. Localize

Identify whether immune deposits are 
vascular.

3. Correlate

Relate AQP4 expression loss to the lesional 
compartment.

4. Integrate

Combine pathological observations with the 
optic–spinal phenotype.

Interpretive pathology workflow, not a formally validated diagnostic algorithm.



MS is the most important adjacent comparator

• MS is characterized by lesions separated in space and attacks separated in time.

• The typical disease course involves relapsing and remitting neurologic episodes.

• Its histology prominently features demyelinating plaques and inflammatory macrophages.

• NMO is distinguished by optic–spinal timing and pathogenic AQP4 antibodies.



Optic neuritis: NMO and MS differ in presentation

Feature Classic NMO description Common MS presentation

Optic nerve pattern Bilateral neuritis Frequently unilateral neuritis

Spinal cord Part of combined syndrome May be involved among many CNS sites

Timing emphasis Synchronous / near-synchronous Dissemination in time and space

Recovery Often poor after first attack Often partial recovery after relapses

Comparisons use descriptive Robbins text, not exhaustive modern diagnostic criteria.



MS and NMO have different primary pathology emphases

Multiple sclerosis

• Active plaques contain foamy 
macrophages.

• Myelin is often absent in a sharply 
demarcated plaque.

• Axons are relatively preserved early; 
Gliosis appears with time.

AQP4-associated NMO

• AQP4 autoantibodies injure astrocytes 
and barrier.

• Necrosis may accompany inflammatory 
lesions.

• Vascular immune deposits and AQP4 
loss are highlighted.

Adjacent Robbins MS discussion provides the comparator morphology.



NMO and MS differ in their defined immune targets

The initial target matters as much as the final demyelinating phenotype.

MS

Complex B- and T-cell-mediated 
autoimmunity; Self-target 

unresolved.

AQP4-NMO

A specific pathogenic astrocytic 
water-channel autoantibody.

Pathologic result

Both involve myelin damage, but 
their injury sequence differs.

An unresolved primary autoantigen for MS.



The acute tissue patterns are not identical

Pathological aspect AQP4-associated NMO Multiple sclerosis (active plaque)

Emphasized cell injury Astrocyte injury Myelin injury / phagocytosis

White-matter change Necrosis and demyelination Demyelinated plaque

Inflammatory clues Neutrophils, eosinophils Foamy macrophages, lymphocytes

Vascular feature Ig and complement deposits Often vein-centered plaques

Chronic detail Not provided in this excerpt Inactive gliotic / shadow plaques

Descriptive comparison, not a formal histopathological decision rule.



NMO versus MS: Clinical severity requires context

NMO

• First attack may be followed by poor 
recovery.

• A combined optic–spinal syndrome can 
generate multiple major deficits.

• Tissue necrosis underscores destructive 
potential.

MS

• Relapsing–remitting episodes are 
common.

• Residual dysfunction can accrue with 
secondary axonal injury.

• Later progression is linked to 
neurodegenerative damage.

Both can cause disability; The textbook compares patterns rather than patient-level prognosis.



MOGAD requires its own comparative category

• MOG antibody-associated disease separately within the NMO discussion.

• MOG-antibody positivity is contrasted with AQP4-antibody-associated disease.

• The excerpt associates MOGAD with greater monophasic tendency.

• The later ADEM section identifies ADEM as a common MOGAD presentation.



MOGAD differs in sex distribution and course

Dimension AQP4-associated NMO MOGAD, as described

Autoantibody AQP4 MOG

Sex distribution Marked female predominance No female predominance

Clinical course
Poor recovery from first attack 

emphasized
More likely to be monophasic

Cellular emphasis Primary astrocytopathy MOG-associated demyelinating disease

A direct descriptive comparison; No prevalence proportions are provided.



ADEM links MOGAD to another phenotype

• Acute disseminated encephalomyelitis (ADEM) is described as a diffuse, monophasic 
demyelinating disorder.

• ADEM as the most common presentation of MOGAD.

• ADEM particularly affects children and young adults in the MOGAD context.

• Recognition prevents conflating every MOG-associated presentation with classic bilateral 
optic–spinal NMO.



ADEM may follow infection or, rarely, immunization

Antecedent event ADEM typically follows a viral infection and only rarely a viral 
immunization.

Temporal course Neurologic symptoms commonly develop roughly one to two 
weeks after the antecedent event,.

These antecedents describe ADEM, not a proven trigger for every NMO attack.



ADEM symptoms are typically diffuse rather than focal

• Headache, lethargy and coma are emphasized in the ADEM clinical description.

• These diffuse symptoms contrast with the more focal deficits emphasized for MS.

• The classic NMO teaching phenotype concentrates on optic nerves and spinal cord.

• Clinical localization therefore helps avoid grouping different presentations together.



ADEM has a synchronized lesion-stage pattern

• The pathological brain lesions of ADEM appear at a similar stage of evolution.

• This temporal uniformity aligns with its described monophasic clinical course.

• MS may show older and newer plaques across its disease evolution.

• The slide contrasts established parent-section patterns; It does not assign NMO a lesion-stage 
criterion.



Weston–Hurst disease is a fulminant adjacent comparator

Acute disseminated encephalomyelitis

• Acute diffuse demyelination.

• Often follows infection.

• Typically monophasic.

Acute necrotizing hemorrhagic 
encephalomyelitis

• More rapidly destructive tissue injury.

• Hemorrhagic, fulminant presentation.

• Fatality and severe survivor deficits are 
described.

The two are adjacent Robbins entities; Neither is another name for AQP4-NMO.



Compare immune demyelinating syndromes by organizing 

principle

Entity Organizing idea Key distinction

AQP4-NMO Antibody against astrocyte AQP4 Astrocytopathy; Optic–spinal syndrome

MS Immune-mediated plaques Dissemination of lesions and attacks

MOGAD MOG-antibody association Often monophasic; ADEM common

ADEM Acute diffuse demyelination Monophasic postinfectious pattern

Osmotic 
demyelination

Osmolar disturbance Not immune-driven; Noninflammatory

High-level source-grounded distinction, not a current diagnostic classification table.



Acute NMO attacks: Glucocorticoids

• Glucocorticoids as a treatment for acute NMO attacks.

• The approach addresses the active inflammatory phase of disease.

• It is distinct in purpose from maintenance therapies targeting antibody production or 
complement.

• The source does not provide doses, routes, schedules or evidence comparisons.



Acute NMO attacks: Plasma exchange

• Plasma exchange is another acute treatment named.

• It fits the antibody-associated mechanism of NMO at a conceptual level.

• The intervention should not be confused with B-cell depletion or complement inhibition.

• No timing threshold or exchange regimen is specified in the supplied section.



Long-term therapy: Reduce antibody titers

One long-term strategy named.

B-cell compartment

Long-term agents may deplete B 
cells.

Antibody burden

Depletion is used to decrease 
antibody titers.

Prevention concept

Aim is sustained control of 
antibody-mediated injury.

No individual drug recommendation or patient-specific decision threshold is implied.



Long-term therapy: Inhibit complement

An alternative long-term strategy named by Robbins.

AQP4 antibody

Pathogenic immunoglobulin in 
the tissue mechanism.

Complement cascade

Complement deposition is a 
pathological feature.

C5–C9 blockade

Target the terminal membrane-
attack complex.

The slide summarizes the therapeutic target, not a prescribing protocol.



Link each therapeutic class to its pathological level

Therapeutic strategy Phase discussed Pathological rationale

Glucocorticoids Acute attack Control inflammatory injury

Plasma exchange Acute attack Fits circulating pathogenic antibody mechanism

B-cell depletion Long-term Decrease antibody titers

Complement inhibition Long-term Target terminal complement (C5–C9)

Rationale statements are explanatory; Robbins provides class-level examples, not drug regimens.



Clinical application: Simultaneous optic–spinal injury

Illustrative teaching case

A patient develops bilateral optic neuritis and spinal cord deficits within the same 
clinical interval. Functional recovery following the initial episode is incomplete.

Which features particularly support the classic NMO teaching pattern?

• Bilateral visual pathway involvement.

• Near-synchronous spinal cord demyelination.

• Poor recovery after the first attack.



Pathology application: Identify the primary target

Illustrative teaching case

An inflammatory white-matter lesion shows necrosis, neutrophils and eosinophils, 
vascular immunoglobulin/complement deposition, and loss of AQP4 expression.

What sequence of tissue injury best explains this constellation?

• AQP4-directed antibody injury to astrocytes.

• Blood–brain barrier injury with immune deposition.

• Secondary demyelination in damaged white matter.



Interpretation exercise: NMO versus MOGAD

Illustrative teaching case

Two antibody-associated demyelinating syndromes are being compared. One has 
marked female predominance and primary astrocytopathy; The other has no 
female predominance and a greater tendency to monophasic disease.

How do the antibody associations differ?

• AQP4 antibodies: Astrocyte-associated NMO.

• MOG antibodies: MOGAD, including the ADEM phenotype.



Four clinicopathological discriminators

Clinical combination

Bilateral optic neuritis with near-synchronous 
cord injury.

Pathogenic target

AQP4 antibodies recognize an astrocytic 
water channel.

Morphology

Necrosis, granulocytes, vascular immune 
deposits and AQP4 loss.

Mechanism-based care

Acute anti-inflammatory / exchange 
approaches; Longer-term B-cell or 
complement targets.

Retain antibody, anatomical and morphological distinctions together.



Source and interpretive boundaries

• Primary source: Robbins, Cotran & Kumar, Pathologic Basis of Disease, 11th ed. (2026).

• Teaching scope: the NMO entry, parent demyelinating-diseases discussion and adjacent 
comparative conditions.

• Conceptual diagrams are newly authored native PowerPoint schematics; no synthetic histology is 
presented.

• Contemporary formal diagnostic criteria, antibody-assay cutoffs, treatment doses and outcomes 
are not supplied by this excerpt.
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