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Learning objectives

• Connect thiamine-dependent metabolism with neural vulnerability.

• Recognize Wernicke encephalopathy, Korsakoff syndrome and peripheral neuropathy.

• Explain the vascular, parenchymal and axonal lesions.

• Identify risk contexts in which prompt recognition can avert permanent injury.



Why vitamin deficiencies matter in neuropathology

• Neural tissue has a particularly high metabolic demand.

• B vitamins support essential steps in cellular metabolism.

• Deficiency can impair neural function and lead to structural damage.

• Early recognition can prevent otherwise lasting neurologic injury.



Thiamine deficiency is a multisystem disorder

• Vitamin B1 deficiency is associated with a spectrum historically called beriberi.

• Important nervous-system manifestations are Wernicke–Korsakoff syndrome and peripheral 
neuropathy.

• The nutritional deficiency can also be associated with heart disease.

• The affected organ systems should be considered together rather than as unrelated 
diagnoses.



A biochemical role with clinical consequences

Vitamin B1
Thiamine 

pyrophosphate
Coenzyme in 

decarboxylation
Metabolic 

vulnerability

Thiamine pyrophosphate supports metabolic reactions.

Downstream neural vulnerability is a physiologic teaching synthesis.



Thiamine pyrophosphate: The key functional form

• Thiamine pyrophosphate as a coenzyme.

• Its cited function is participation in decarboxylation reactions.

• This links adequate vitamin availability to intermediary metabolism.

• Clinical manifestations arise when tissues with demanding energy requirements are 
affected.



How metabolic deficiency becomes neurologic disease

Thiamine shortfall
Impaired coenzyme-

dependent 
reactions

Vulnerable neural 
tissue

Neurologic 
dysfunction / injury

This is a conceptual mechanism, not a measured pathway or quantitative model.

High metabolic demand makes neural tissue vulnerable.



Three expressions of B1 deficiency

Cerebral Peripheral nerve Cardiovascular

Wernicke encephalopathy Peripheral neuropathy Wet beriberi / heart disease

May progress to Korsakoff 
syndrome

Severe cases may resemble acute 
flaccid paralysis

Heart involvement is discussed with 
dilated cardiomyopathy

Hemorrhagic-necrotic 
periventricular lesions

Axonal loss and acute degeneration
A distinct systemic target of 
thiamine deficiency



Primary versus secondary nutritional deficiency

• Primary insufficiency occurs when dietary supply does not meet needs.

• Secondary insufficiency occurs with defective absorption, utilization or storage, excess loss, 
or increased need.

• Both categories are relevant when evaluating a patient with vitamin deficiency.

• An adequate-looking diet does not exclude a secondary nutritional disorder.



Dietary deficiency can occur without alcohol exposure

• Robbins gives a polished-rice–dominant diet as an example of thiamine deficiency risk.

• Dietary diversity and micronutrient content matter beyond total calories.

• Deficiency should not be equated automatically with alcohol use disorder.

• The nutritional history must address quality as well as amount of intake.



Why chronic alcohol use increases B1 deficiency risk

Poor dietary intake
Impaired 

gastrointestinal 
absorption

Abnormal utilization 
/ storage

Vitamin deficiency

Increased metabolic need and nutrient loss can also contribute.

These factors can coexist in an individual.



Alcohol exposure: Avoid a single-cause explanation

• Chronic alcohol use is an important clinical setting for Wernicke–Korsakoff syndrome.

• Alcohol use disorder is associated with multiple B-vitamin deficiencies.

• Neurologic harm may reflect nutritional deficits, direct toxic effects, or both.

• A clinician should not label every neurologic sign in this setting as direct ethanol toxicity.



Gastric disorders are a separate risk context

• Gastric carcinoma among the associated conditions.

• Chronic gastritis is another listed gastric disorder.

• Gastric disease can be relevant even in the absence of alcohol use disorder.

• Consider the nutritional consequences of gastrointestinal pathology during neurologic 
assessment.



Persistent vomiting can precede neurologic injury

• Persistent vomiting is specifically identified in tissue analysis as a thiamine-deficiency 
setting.

• Repeated loss of intake can coexist with an underlying gastrointestinal disorder.

• Acute neurobehavioral or ocular abnormalities in this context warrant immediate 
consideration of deficiency.

• The causal clue is the nutritional context, not the presence of alcohol use.



Eating disorders may create clinically important deficiency

• Anorexia nervosa and bulimia are both explicitly named.

• Dietary restriction and disturbed feeding behavior can result in micronutrient deficiency.

• Neurologic symptoms should not be dismissed as purely psychiatric phenomena.

• The possibility of a treatable metabolic neurologic disorder must be recognized.



Distinct settings, shared neurologic risk

Setting Nutritional concern Clinical implication

Alcohol use disorder
Diet, absorption, storage and 
utilization

High suspicion for B1 deficiency

Gastric pathology
Deficiency associated with gastric 
disorders

Do not require alcohol history

Persistent vomiting Sustained inadequate intake Look for new neurologic findings

Eating disorders Restricted or disordered intake Assess treatable vitamin deficiency



Risk recognition should not depend on stereotypes

• Not all affected patients have a history of chronic alcohol use.

• Gastrointestinal and eating-disorder contexts are explicitly supported by the textbook.

• Nutrition-related CNS disease can coexist with other diagnoses.

• Clinical recognition is particularly important because some early manifestations are 
reversible.



Wernicke encephalopathy is the acute CNS syndrome

• An acute psychotic or mental-status presentation.

• Ophthalmoplegia is a characteristic accompanying ocular motor manifestation.

• The syndrome reflects acquired deficiency rather than an inherited metabolic disease.

• Prompt thiamine treatment can reverse the acute clinical manifestations.



The mental-status component is clinically significant

• Acute psychosis is the term used in the cited Robbins passage.

• The essential teaching point is a potentially reversible acute neuropsychiatric syndrome.

• Assess new changes in cognition or behavior alongside nutritional risk factors.

• Mental changes should be evaluated with ocular and peripheral neurologic findings.



Ophthalmoplegia directs attention to CNS involvement

• Ophthalmoplegia is specifically listed with Wernicke encephalopathy.

• An ocular movement deficit provides a neurologic rather than solely behavioral clue.

• When accompanied by nutritional risk and acute mental changes, the combination is 
particularly concerning.

• Clinical signs support recognition; The source does not supply a numerical diagnostic 
threshold.



The clinically important timing of Wernicke disease

Deficiency develops
Acute CNS 

manifestations
Thiamine given early

Potential clinical 
reversal

Acute manifestations may reverse after thiamine treatment.

Specific treatment regimens require clinical protocols.



Failure to recognize Wernicke disease changes prognosis

• Untreated Wernicke encephalopathy may be followed by Korsakoff syndrome.

• The chronic syndrome is prolonged and largely irreversible.

• This contrast makes early syndrome recognition a central clinical skill.

• Treatment should not be postponed merely to establish the eventual chronic phenotype.



Acute and chronic neurologic phases

Feature Wernicke encephalopathy Korsakoff syndrome

Typical phase Acute Prolonged / chronic

Prominent finding
Mental change and 
ophthalmoplegia

Short-term memory disturbance

Other feature Potentially reversible symptoms Confabulation

Treatment outlook Reversal possible with thiamine
Largely irreversible when 
established



Korsakoff syndrome reflects persistent dysfunction

• Korsakoff syndrome may follow unrecognized, untreated Wernicke encephalopathy.

• Its major cognitive deficit concerns short-term memory.

• Confabulation is a characteristic manifestation.

• The persistence of these deficits distinguishes it from the earlier reversible syndrome.



Short-term memory loss is central in Korsakoff syndrome

• Robbins specifically emphasizes disturbance of short-term memory.

• Difficulty retaining recent information becomes a major functional impairment.

• The lesion association described in the source involves the dorsomedial thalamus.

• This is a clinicopathologic correlation, not a statement that one nucleus explains every 
symptom.



Confabulation is a diagnostic clue

• Confabulation accompanies memory disturbance description.

• It refers to inaccurate recollection that fills gaps in remembered events.

• The behavior should be interpreted in the context of impaired memory.

• The phenomenon is linked to lesions of the dorsomedial thalamic nucleus.



The Wernicke–Korsakoff clinical continuum

B1 deficiency
Acute Wernicke 

syndrome
Unrecognized / 

untreated
Persistent Korsakoff 

syndrome

The sequence is a conditional possibility, not an inevitable outcome for every patient.

Chronic cognitive deficits may remain despite later recognition.



Peripheral neuropathy is another major manifestation

• Thiamine deficiency affects peripheral nerves as well as the CNS.

• Robbins documents loss of axons and acute axonal degeneration.

• Peripheral deficits may be severe enough to dominate the presentation.

• Clinical assessment should therefore extend beyond memory and ocular function.



Axonal loss provides the pathologic substrate

• Peripheral nerves show axon loss in thiamine deficiency.

• Acute axonal degeneration may also be present.

• These findings describe structural injury, not merely transient conduction failure.

• The peripheral lesion must be distinguished from the CNS periventricular lesions.



Severe neuropathy may mimic acute paralysis syndromes

• Peripheral neuropathy can be profound in a patient with thiamine deficiency.

• Robbins explicitly reports acute flaccid paralysis as a possible presentation.

• This can clinically resemble Guillain–Barré syndrome.

• The nutritional history becomes an important discriminator in the differential assessment.



Thiamine neuropathy versus a Guillain–Barré mimic

Question Thiamine deficiency Guillain–Barré syndrome

Why consider it? May produce severe flaccid paralysis A classic acute paralysis differential

Source-supported lesion Axonal loss and acute degeneration Not characterized in this B1 source

Context clue
Alcohol, vomiting, gastric disease, 
eating disorder

Requires a separate disease workup

Teaching caution
Do not assume all acute paralysis is 
immune-mediated

Mimicry is not diagnostic 
equivalence



Dry beriberi emphasizes nervous-system disease

• Robbins Table 9.9 lists dry beriberi as a syndrome of vitamin B1 deficiency.

• The associated peripheral neuropathic findings are the focus of this neurologic lecture.

• Axonal degeneration supplies a morphologic correlate of peripheral dysfunction.

• The term dry beriberi distinguishes this form from the cardiovascular form.



Wet beriberi draws attention to the heart

• Wet beriberi is identified as another B1-deficiency syndrome in Table 9.9.

• The cardiomyopathy chapter associates thiamine deficiency with beriberi heart disease.

• That discussion describes beriberi heart disease as a form of dilated cardiomyopathy.

• This slide does not imply that all dilated cardiomyopathy is caused by thiamine deficiency.



Neurologic and cardiovascular expressions

Syndrome Primary clinical domain Textbook correlate

Dry beriberi Peripheral nervous system Neuropathy and axonal injury

Wernicke encephalopathy Acute central nervous system Ocular and mental findings

Korsakoff syndrome
Persistent central cognitive 
dysfunction

Short-term memory / confabulation

Wet beriberi Cardiovascular system Beriberi heart disease



Alcohol-related cardiomyopathy has more than one explanation

• Direct myocardial toxicity from alcohol and its metabolites.

• It also identifies nutritional disturbance, including thiamine deficiency, as a possible 
contributor.

• Beriberi heart disease may therefore enter the differential of cardiomyopathy in alcohol use 
disorder.

• Morphology alone does not establish that thiamine deficiency is the etiology.



The CNS lesions have a characteristic distribution

• Wernicke encephalopathy produces foci of hemorrhage and necrosis.

• The mammillary bodies are specifically involved.

• The walls of the third and fourth ventricles are additional sites.

• Distribution and tissue injury should be considered together.



Core anatomic sites in Wernicke encephalopathy

Mammillary bodies Focal hemorrhage and necrosis

Third ventricular walls Periventricular lesions

Fourth ventricular walls Periventricular lesions

Dorsomedial thalamus Best correlation with memory deficit



Mammillary-body lesions are morphologic landmarks

• Foci of hemorrhage and necrosis may be found in the mammillary bodies.

• These structures provide an important gross-pathologic location to inspect.

• Morphologic recognition must include the lesion character, not location alone.

• The source does not supply a frequency estimate or a required bilateral pattern.



The third and fourth ventricular walls are involved

• Robbins also localizes Wernicke lesions to walls of the third ventricle.

• The fourth ventricular walls are another listed site.

• This emphasizes a periventricular distribution of tissue injury.

• Anatomic distribution supplements the clinical syndrome in pathologic interpretation.



Early lesions are distinctly vascular

• Dilated capillaries characterize the earliest described changes.

• The capillary endothelial cells are prominent.

• These are preceding vascular changes before the later hemorrhagic appearance.

• The morphology should be interpreted as a sequence rather than a single static image.



Microvascular injury precedes hemorrhagic damage

Dilated capillaries
Prominent 

endothelial cells
Leaky capillary walls Focal hemorrhage

Morphology changes progressively as lesions evolve.

The schematic is not a histologic photomicrograph.



Capillary leakage produces hemorrhagic areas

• Capillaries become leaky during lesion evolution.

• Leakage produces localized areas of hemorrhage.

• The hemorrhagic process occurs in regions already vulnerable to thiamine deficiency.

• This vascular sequence helps explain the gross hemorrhagic appearance.



Necrosis accompanies hemorrhage in affected regions

• Foci of tissue necrosis and hemorrhage are described together.

• The mammillary bodies and ventricular walls are sites of this injury.

• Necrosis indicates loss of tissue viability rather than reversible functional change.

• This helps explain why persistent deficits may remain after the acute stage.



Macrophage infiltration marks lesion evolution

• Macrophages enter the affected tissue with time.

• The cellular response follows earlier vascular leakage and hemorrhage.

• It contributes to clearance and remodeling of injured tissue.

• The stage of the lesion matters when interpreting a pathology specimen.



Chronic lesions become cystic and hemosiderin-rich

• With time, a cystic space may develop within damaged tissue.

• Hemosiderin-laden macrophages are present in chronic lesions.

• The hemosiderin is consistent with preceding hemorrhage.

• Chronic lesions predominate in individuals with Korsakoff syndrome.



Wernicke morphology changes over time

Early

Capillary dilatation; 
Prominent 
endothelia

Progressive

Capillary leakage; 
Hemorrhage; 

Necrosis

Evolving

Infiltration by 
macrophages

Chronic

Cystic space; 
Hemosiderin 
macrophages

Qualitative morphologic sequence — intervals are not quantified



Dorsomedial thalamic lesions link anatomy to memory

• Lesions in the dorsomedial nucleus of the thalamus.

• This site correlates best with memory disturbance and confabulation.

• The correlation supports an anatomic basis for Korsakoff-type impairment.

• Correlation is not equivalent to an exclusive or deterministic localization.



Match pathology to clinical manifestations

Tissue or site Morphologic finding Clinical correlate

Mammillary / ventricular regions Hemorrhage and necrosis Wernicke encephalopathy

Dorsomedial thalamus Local lesion involvement Memory disturbance, confabulation

Peripheral nerves Axon loss and acute degeneration
Neuropathy; Possible flaccid 
paralysis

Chronic CNS lesion
Cystic change; Hemosiderin 
macrophages

Often accompanies Korsakoff 
syndrome



CNS lesions and peripheral lesions differ

Domain Central nervous system Peripheral nervous system

Location
Mammillary bodies; Ventricular 
walls

Peripheral nerve fibers

Dominant morphology Hemorrhagic and necrotic foci Axonal loss and degeneration

Possible clinical syndrome Wernicke / Korsakoff Peripheral neuropathy

Severe consequence Persistent memory dysfunction Acute flaccid paralysis



Vitamin B1 versus B12 neurologic deficiency

Feature Thiamine (B1) Vitamin B12

Syndrome Wernicke–Korsakoff; Neuropathy Subacute combined degeneration

Major lesion CNS hemorrhagic foci; Axonal loss Spinal tract myelin vacuolation

Clinical emphasis
Mental and ocular abnormalities; 
Neuropathy

Sensory symptoms, ataxia, spastic 
weakness

Clinical urgency
Early intervention can reverse acute 
signs

Early replacement improves 
outcome



Alcohol-related cerebellar injury is a separate entity

• Wernicke–Korsakoff syndrome to thiamine deficiency in chronic alcohol use.

• It also describes alcohol-associated cerebellar degeneration as a separate process.

• Cerebellar degeneration affects the anterior/superior vermis in the chapter description.

• Distinguishing deficiency-related lesions from other alcohol-associated disorders improves 
pathology interpretation.



Build suspicion from risk context plus phenotype

• Identify alcohol use disorder, gastric pathology, persistent vomiting or eating disorders.

• Ask about acute changes in behavior or cognition and examine ocular motor function.

• Evaluate peripheral weakness or neuropathy as a concurrent expression.

• The constellation prompts clinical assessment of treatable B1 deficiency.



An evidence-limited recognition pathway

Relevant nutritional 
risk

Acute CNS or 
neuropathic findings

Consider thiamine 
deficiency

Prompt clinical 
action

This is a teaching reasoning flow, not an externally validated diagnostic rule.

This schematic does not specify a diagnostic algorithm or a drug regimen.



Clinical vignette: Acute mental and ocular abnormalities

A patient with prolonged heavy alcohol use develops abrupt behavioral changes and a 
new ocular movement abnormality.

Which deficiency-related neurologic syndrome is the principal concern?

• Look for the combination of nutritional risk, mental change and ophthalmoplegia.

• The relevant syndrome may be reversible after thiamine treatment.

• This is an invented teaching vignette based on the textbook phenotype.



Clinical vignette: Nonalcoholic risk

A patient with a gastric disorder and persistent vomiting develops acute cognitive and 
ocular findings.

Why should thiamine deficiency be considered even without alcohol exposure?

• The source explicitly lists gastric disease and persistent vomiting.

• Alcohol exposure is one risk setting, not a diagnostic prerequisite.

• The acute Wernicke phenotype is potentially reversible.



Clinical vignette: Acute flaccid weakness

A malnourished patient develops severe rapidly progressive flaccid weakness, and 
clinicians consider Guillain–Barré syndrome.

Which alternative nutritional neuropathy must remain in the differential?

• Severe thiamine-deficiency neuropathy can mimic acute paralysis.

• The textbook documents axonal loss and acute axonal degeneration.

• An appropriate neurologic workup is still required to distinguish etiologies.



Clinical vignette: Persistent memory impairment

A patient previously had an acute encephalopathic illness. Months later, short-term 
recall is severely disturbed and confabulation is present.

Which chronic syndrome and anatomic correlation are most relevant?

• Korsakoff syndrome is the chronic deficiency-associated syndrome.

• Dorsomedial thalamic lesions correlate with memory disturbance and confabulation.

• The established chronic condition as largely irreversible.



Why early recognition changes the trajectory

• Acute Wernicke symptoms may respond to thiamine.

• Unrecognized and untreated disease can progress to persistent cognitive deficits.

• Risk-factor identification matters before chronic morphologic injury develops.

• The clinical priority is preventing avoidable permanent neurologic impairment.



Knowledge check: Lesion evolution

Which sequence best reproduces the described evolution of Wernicke lesions?

A. Axonal demyelination → plaques → glioma

B. Dilated capillaries → leakage and hemorrhage → macrophages → chronic cystic change

C. Primary neuronal storage → myelin breakdown → calcification

Answer and rationale: B. The progression begins with capillary changes and culminates in chronic 
cystic, hemosiderin-containing lesions.



Knowledge check: Clinical localisation

Which lesion site is most closely linked to the memory disturbances and confabulation of 
Korsakoff syndrome?

A. Dorsomedial nucleus of thalamus

B. Anterior cerebellar vermis

C. Peripheral nerve axon

Answer and rationale: A. The source describes the dorsomedial thalamic nucleus as the best 
morphologic correlate.



Integrative summary: From deficiency to tissue injury

Level Key concept Clinical consequence

Molecular
Thiamine pyrophosphate 
participates in decarboxylation

High metabolic-demand tissues are 
vulnerable

Central nervous system
Periventricular and mammillary 
hemorrhagic-necrotic lesions

Acute Wernicke; Possible chronic 
Korsakoff

Peripheral nerve Axonal loss and acute degeneration
Neuropathy; Occasionally flaccid 
paralysis

Systemic
Beriberi also has a cardiac 
expression

Cardiomyopathy may coexist



What a pathology learner should retain

• B1 deficiency has treatable acute neurologic manifestations with potentially severe delayed 
sequelae.

• Vascular damage and hemorrhagic necrosis characterize the described Wernicke CNS 
lesions.

• Chronic cystic change and thalamic involvement link pathology to persistent memory 
deficits.

• Peripheral axonal loss explains why thiamine deficiency also enters the acute paralysis 
differential.



Source reading and limitations

• Robbins, Cotran & Kumar. Pathologic Basis of Disease. 11th edition (2026), Chapter 28, Thiamine (Vitamin 
B1) Deficiency and Wernicke morphology.

• Same edition, Chapter 9: nutritional causes; Table 9.9 on vitamin B1 functions and deficiency syndromes.

• Same edition, Chapter 12: thiamine deficiency and beriberi heart disease.

• No original chapter PDF, licensed tissue photomicrographs, or external clinical guideline was used in this 
deck.
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