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Learning objectives

Recognize why profound jaundice can be associated with intrinsic tubular injury.

Explain the distinct contributions of bile-related toxicity and cast obstruction.

Interpret tubular pigment, distribution and epithelial changes cautiously.

Differentiate bile cast nephropathy from other causes of liver-associated AKI.



Clinical entry point

lllustrative case — constructed for teaching

A markedly jaundiced patient with severe liver disease develops worsening kidney
function. Urine findings and hemodynamics do not establish a single cause of injury.

Interpretation prompts
e Which components of AKI may coexist?

e What tissue-level lesion would indicate bile cast nephropathy?



One disease, two affected organs

Severe hepatic Marked bilirubin Tubular bile casts Reduced kidney
dysfunction accumulation and injury function

The liver—kidney connection is morphologic as well as hemodynamic.



Definition and lesion

Bile cast nephropathy is kidney dysfunction associated with bile-pigmented tubular casts.

The lesion is described in severely jaundiced patients with acute or advanced chronic liver
disease.

Distal nephron segments are the principal reported sites.

Tubular epithelial injury and obstruction coexist in the pathogenic model.

Cast presence must be interpreted within a clinical and morphologic context.



Names: Related, not always identical

Modern lesion-focused term Historical broader usage

e Cholemic nephrosis / cholemic nephropathy:
Historically applied more widely to jaundice-
associated renal injury.

Bile cast nephropathy: Emphasizes identifiable
intratubular bile casts.

Most appropriate when tubular casts are e Terminology and case definitions vary among
documented. publications.

Do not treat every episode of jaundice-associated AKI as proven cast nephropathy.




Clinical setting

Severe acute hepatic disease can cause profound jaundice and renal impairment.

Advanced chronic liver disease can present with the same kidney complication.

Serum bilirubin may be markedly elevated at presentation.

The textbook does not specify a universal bilirubin diagnostic threshold.



Why jaundice is a clue—not proof

What it supports What it does not establish
e Bilirubin accumulation makes renal bile e |t does not distinguish bile cast injury from
exposure biologically plausible. hypoperfusion or other ATI.

e |t does not prove that casts are the only cause

o ' inical context for pigmented casts.
It supplies clini pig of AKI.




Nephron localization: Distal emphasis

Proximal tubule

Usually less prominent

Loop of Henle

Transit

Distal nephron

Typical cast site

Collecting duct

Distal continuation

Extension toward proximal tubular segments can accompany more widespread disease.

Distribution is a morphologic clue, not an absolute boundary.




Anatomic extension with increasing involvement

Bile exposure

Distal nephron casts

Broader tubular
distribution

Possible proximal
involvement

Casts extending toward proximal segments.




Why site matters to biopsy interpretation

Distal nephron and collecting-duct casts may be conspicuous in medullary tissue.

A limited cortical core may contain fewer representative distal segments.

Sampling is a diagnostic limitation, not proof of absent disease.

The burden of injury can vary among nephrons.

Sampling concerns should not be used to infer that a negative biopsy always excludes the entity.



Two complementary injury mechanisms

Bile exposure

Tubular epithelial
toxicity

Intraluminal bile
casts

Nephron obstruction

Injury and obstruction are both supported by the textbook.




Toxic component: The core claim

A direct toxic effect on tubular epithelial cells.

Tubular injury may be appreciable even when casts are focal.

Molecular explanations are more detailed in supplemental literature than.

Do not attribute a single experimentally proven cellular pathway to all patients.



From intraluminal pigment to impaired tlow

Pigmented cast
occupies lumen

Local tubular fluid
flow impeded

Upstream

—| intratubular pressure

may rise

Reduced filtrate
throughput

Pressure effects are adjacent acute tubular injury context, not a direct quotation of the short bile-cast

subsection.




Tubular lumen: The obstructive lesion

Schematic anatomy — not a histologic specimen

Tubular epithelium

Pigmented intraluminal cast

/ Tubular lumen

e Luminal occupancy is distinct from cellular
injury

Cast material may incorporate epithelial cells and cellular debris.



Sloughed cells alter cast composition

The bile-pigmented material can incorporate detached tubular epithelial cells.

The amount of cellular debris varies between casts.

Pigment color alone therefore does not describe the entire structure.

A mixed cast may reflect both tubular injury and luminal accumulation.



Intrinsic injury and luminal obstruction

Direct epithelial effects

Physical cast effects

Toxic stress on tubular cells.

Cellular swelling and epithelial damage can
accompany pigment deposition.

Cell detachment may add debris to tubular
fluid.

Pigmented material occupies the tubular
lumen.

Obstruction can worsen local tubular function.

Both pathways may contribute to impaired
renal function.




Related acute tubular injury context

Acute tubular injury (ATIl) may follow ischemic or nephrotoxic exposures.

Cell detachment and tubular obstruction can reduce glomerular filtration.

The morphology of ATl does not require widespread necrosis.

In jaundice-associated AKI, ATl can have more than one precipitating factor.



Tubular obstruction and renal filtration

] Higher intratubular Impaired filtrate ) )
Tubular obstruction |— & ) - P ) —| Functional decline
resistance progression

This is a simplified physiologic bridge, not a directly measured flow relationship.



What damaged tubular cells can do

General ATI consequences that contextualize bile casts

Injured epithelial cells lose functional integrity.

Some epithelial cells detach into the tubular lumen.

Detached cells and casts can exacerbate luminal blockage.

Tubular fluid can leak across injured segments in ATI.



Multiple pathways to AKI in liver disease

Intrarenal tubular contribution Systemic or functional contribution

e Bile-associated epithelial damage. e Reduced effective arterial perfusion.

e Vasomotor disturbances in severe hepatic

e [ntraluminal casts and obstruction. disease

e Possible coexisting ischemic ATI. e Other superimposed insults must be evaluated.

These mechanisms may overlap in one patient.




Illustrative hepatic contexts reported in literature

Clinical context Interpretive concern

Severe acute hepatitis Rapid bilirubin elevation with concurrent illness
Decompensated cirrhosis Multiple competing mechanisms of AKI
Obstructive cholestasis Potentially reversible hepatic or biliary source
Drug-induced cholestasis Concurrent medication-related renal insults
Fulminant hepatic failure Severe multisystem illness and tubular injury

Examples are not a ranked list of incidence or causality.



Temporal model of injury

A conceptual clinical course — not a universal sequence

Hepatic disease becomes sufficiently severe to cause sustained hyperbilirubinemia.

Pigmented casts appear in susceptible nephron segments.

Tubular injury and intraluminal blockage may coincide.

Recovery depends in part on the duration and severity of liver dysfunction.



Recognizing bile casts on H&E

e Pigmented casts can be granular or aggregated within tubular lumens.

A broad hue spectrum extending beyond yellow-green.

Associated epithelial sloughing or luminal debris may be present.

e A specific pigment cannot always be named from H&E appearance alone.

Authentic source photomicrographs are not embedded because licensed source bytes were not available in the
runtime. See source and original published figures in speaker notes.



Cast color: Important range, limited specificity

Colors

Diagnostic interpretation

e Yellowish-green casts.

Red-pink casts.

Mixtures with cellular debris and sloughed cells.

Hue reflects a microscopic observation.

Color alone cannot establish chemical
composition.

Use clinical context and an appropriate special
stain.

Do not use a single “signature” hue as an absolute criterion.




Where to look: Lumen and adjacent cells

Schematic anatomy — not a histologic specimen

Tubular epithelium

Pigmented intraluminal cast

/ Tubular lumen

e Luminal occupancy is distinct from cellular
injury

Native vector schematic explicitly distinguished from histology.



Reading a tubular profile methodically

Microscopic review sequence

Locate the tubular lumen and identify whether it is open or plugged.

Characterize cast color and whether cellular material is admixed.

Examine epithelial height, integrity and sloughed cells.

Survey neighboring tubules to assess distribution rather than a single cast.



Morphology: Cast versus tubular injury

Cast-centered findings Tubular epithelial findings
e Intraluminal pigmented material. e Cell attenuation or swelling may be present.
e May contain variable cellular debris. e Sloughed epithelial cells may be visible.

e Frequently distal nephron distribution. e Changes belong to the spectrum of ATI.




Hall/Fouchet stain for bile

Supplementary renal-pathology literature describes Hall (Fouchet) stain as a useful
confirmation method.

The histochemical reaction converts bilirubin to green biliverdin.

Positive intratubular casts strengthen assignment of bile pigment.

Staining should be interpreted with the original H&E section and clinical context.

This staining method is described by supplemental literature, not by the brief Robbins bile-cast paragraph.



Limits of special staining

What a positive stain contributes What a negative stain cannot ensure
e Supports bile pigment in tubular lumens. e Sensitivity is not perfect.
e Helps distinguish bile from some other brown e |nadequate sampling and variable pigment may
casts. affect interpretation.

e No single negative special stain excludes all
disease.




Gross observations: A supplementary clue

Published autopsy reports describe yellow discoloration of kidneys in severe jaundice.

After formalin fixation, green discoloration may be observed due to oxidation to biliverdin.

Gross appearance is not a substitute for microscopic confirmation.

This observation is from additional pathology literature, not the brief Robbins text.



Distribution as a diagnostic discriminator

Proximal tubule

Usually less prominent

Loop of Henle

Transit

Distal nephron

Typical cast site

Collecting duct

Distal continuation

Extension toward proximal tubular segments can accompany more widespread disease.

Inspect distal cortical tubules and medullary collecting ducts if represented.




What bile cast nephropathy is not

It is not synonymous with any AKI in the presence of jaundice.

It is not defined by glomerular immune deposits.

It is not established by serum bilirubin concentration alone.

It does not exclude parallel hemodynamic kidney dysfunction.



Distinguishing bile and light-chain casts

Feature

Clinical context

Typical appearance

Tissue reaction

Interpretation

Bile casts

Severe jaundice / hepatic disease

Variable pigmented hues

Tubular injury and obstruction

Bile stain and context helpful

Light-chain casts

Plasma-cell dyscrasia / monoclonal light
chains

Fractured, often angulated
proteinaceous casts

May show giant-cell and interstitial
reaction

Correlation with monoclonal studies

Simplified textbook-derived comparison; None of these characteristics alone is perfectly sensitive or specific.



Other pigmented casts: Investigate the cause

Cast context Distinguishing clinical clue Key caution

Bile J!\:jrr]léeigehepatic dysfunction and Confirm pigment; consider mixed AKI
Myoglobin Skeletal muscle injury / rhabdomyolysis  May be dark and granular

Hemoglobin Intravascular hemolysis Can resemble myoglobin casts on H&E
Generic granular Nonspecific tubular injury Pigment identity may be indeterminate

Differentials are clinical-pathologic guides, not stand-alone H&E diagnostic rules.



Urinary sediment: Supportive or absent

Potentially informative findings Interpretive limitations
e Bile-pigmented structures may sometimes be e Urinary findings do not reliably map biopsy cast
observed. burden.

e Absence of visible bile casts does not exclude

e Granular casts can point toward tubular injury. the lesion

e Preanalytic and observer factors matter.




Interpreting a pigmented tubular cast

Practical tissue-based differential workflow

Confirm that the pigmented material is intraluminal.

Document cast color, morphology and associated epithelial changes.

Integrate jaundice, muscle injury, hemolysis and monoclonal-protein history.

Choose ancillary stains or clinical tests according to the differential.



Biopsy: Diagnostic contribution

A tissue sample can document the combination of bile pigment and tubular injury.

It can also reveal coexisting glomerular, vascular or interstitial lesions.

Biopsy is not routinely appropriate for every severely jaundiced patient.

Interpretation should ask whether demonstration of a lesion would change management.



Renal biopsy in advanced liver disease

Diagnostic benefit Safety and feasibility

Potential tissue-level confirmation. e Coagulopathy can increase hemorrhagic risk.

Recognition of mixed or alternative renal

. e Clinical instability may limit invasive procedures.
lesions.

e Cortical sampling may miss distal/medullary

Can refine an otherwise uncertain differential.
burden.




Clinical assessment before assigning cause

Confirm AKI and liver
disease

Assess perfusion and
exposures

Review urine and
laboratory clues

Consider mixed
intrinsic injury

Avoid treating the flow as validated diagnostic criteria.




No universally accepted bilirubin cutoff

Clinical severity and tissue evidence matter

A numerical bilirubin level alone cannot confirm or exclude bile cast nephropathy.
The 2025 systematic review found no simple relation between bilirubin tertiles and
kidney outcomes.



When to entertain the diagnosis

Acute or worsening kidney dysfunction arises in severe jaundice.

The timing suggests exposure to sustained hyperbilirubinemia.

Urine or tissue findings suggest pigmented tubular injury.

Other causes of AKI are considered rather than assumed absent.



Hepatorenal physiology and bile casts may coexist

Predominantly functional physiology Structural injury

e Abnormal circulatory and renal hemodynamic

. e Tubular bile casts and epithelial damage.
regulation.

e A bland sediment may be consistent with this

phenotype e Other ischemic or toxic ATl can coexist.

Not a mutually exclusive binary; Observed cases can show both.




What serum bilirubin cannot predict alone

A high bilirubin level is a clinical clue to pigment exposure.

It does not measure the extent of tissue damage directly.

The 2025 case-based systematic review did not find renal outcomes varying across bilirubin
tertiles.

Case selection and heterogeneous co-injury limit generalization.



Case A: Severe obstructive cholestasis

lllustrative case — constructed for teaching

A patient with persistent jaundice due to a biliary obstruction develops AKI. Urinary
sediment includes pigmented granular material. No tissue sample is available.

Interpretation prompts
e Which mechanism is plausible?
e What additional etiologies must be evaluated?

e \What conclusion would overstate the evidence?



Case A: Interpretation

Bile-associated tubular injury is plausible given the temporal and clinical setting.

Consider volume depletion, sepsis, medication nephrotoxicity and obstruction of urinary
outflow.

Pigmented sediment without confirmation is suggestive rather than definitive.

Management of the hepatobiliary cause may permit kidney recovery.



Case B: Cirrhosis with hypotension

lllustrative case — constructed for teaching

A patient with advanced cirrhosis, marked jaundice and systemic hypotension develops
oliguria. Tubular bile casts are eventually demonstrated at autopsy.

Interpretation prompts
e Does finding casts exclude hemodynamic AKI?

e How should causality be described?



Case B: Interpretation

An autopsy bile cast lesion establishes tissue-level pigment deposition.

Hypotension can independently produce ischemic tubular injury.

Severe liver disease can contribute renal circulatory disturbances.

The clinically defensible model is potentially multifactorial AKI.



Case C: Pigmented casts on renal biopsy

lllustrative case — constructed for teaching

A biopsy shows tubular epithelial injury and reddish pigmented casts. The patient has
severe jaundice, but hemolysis and muscle injury remain possible explanations.

Interpretation prompts
e What cannot be inferred from the H&E hue?

e Which corroborating steps are useful?



Case C: A stain-guided response

Describe H&E morphology before naming the cast chemistry.

Correlate with hepatic history, hemolysis and rhabdomyolysis investigations.

A Hall/Fouchet stain may support a bile-pigment assignment.

State any persistent uncertainty rather than using a color-only diagnosis.



Reversibility: Connect timing to tissue

Conceptual determinants of recovery

Correcting the hepatic insult can reduce ongoing bile exposure.

Obstruction and epithelial injury may then diminish as nephrons recover.

More severe and longer-standing hepatic dysfunction may limit recovery.

Other coexisting kidney lesions can affect the observed course.

Only the general severity/duration relation is stated in the Robbins subsection; Detailed steps are contextual
interpretation.



Recovery versus persistent dysfunction

Potentially reversible process Reasons recovery may be incomplete
e Reduction in hepatic dysfunction and bile load. e Longer exposure and more severe injury.
e Tubular integrity may recover after acute injury. e Additional ischemic or toxic insults.

e Underlying chronic kidney disease or persistent

e Repairis plausible when damage is limited. hepatic disease.




Treatment principle: Correct the source

The primary clinical priority is evaluation and management of the underlying liver or biliary
disease.

Relief of an obstructive hepatobiliary cause is relevant when present.

Treat concurrent hemodynamic, infectious and drug-related insults.

A pathology diagnosis does not establish one universally effective kidney-specific therapy.



Extracorporeal removal: Evidence limits

Reported approaches What remains uncertain
Renal replacement therapy for standard AKI e Reliable improvement in kidney outcomes is
indications. unproven.
Albumin-based toxin-removal strategies e Comparative randomized treatment evidence is
described in case reports. lacking.

e The techniques are not established universally

Plasma exchange described in selected reports. .
8 P effective BCN treatments.




What the 20235 systematic review actually studied

It synthesized published case reports and small case series.

The reported sample was 79 patients; Case selection was highly heterogeneous.

The authors found no clear outcome separation by bilirubin tertiles.

Selection bias and uncontrolled confounding preclude robust causal treatment claims.

79 reported cases; Includes adult cases; Descriptive synthesis rather than population incidence.



Levels of evidence in this topic

Well-supported pathology framework Less settled questions

e Distal bile casts, obstruction and tubular « Best noninvasive diagnostic test

toxicity.
e Published tissue specimens show pigmented e How much AKIl is directly attributable to bile
casts and epithelial injury. casts in mixed illness.

e Whether bilirubin-removing therapies improve
hard outcomes.




What can be stated—and its evidentiary basis

Claim Basis Interpretation

Distal casts + epithelial

.. Robbins 11e Core pathologic description
injury

H.aII stain detects bile 2018 / 2020 literature Supplemental morphologic tool
pigment

Biopsy may be hazardous 2020 / 2025 literature Clinical procedural context

No validated standalone Robbins + 2025 review Avoid numerical diagnostic rule
cutoff

Novel urine biomarkers Exploratory 2026 research Not established for routine use

This table explicitly distinguishes textbook claims from new literature.



Self-test: Diagnosis or differential?

lllustrative case — constructed for teaching

A patient with severe jaundice develops AKI. A cortical biopsy shows acute tubular injury
but no definitive bile casts.

Interpretation prompts
e Can bile cast nephropathy be excluded?
e What competing causes still need evaluation?

e How should the report express uncertainty?



Self-test answer: Sampling and uncertainty

No: Patchy or distal cast distribution can limit demonstration in a cortical sample.

Evaluate circulatory factors, ischemic ATI, drugs and other kidney lesions.

Acknowledge that tubular injury is nonspecific without supporting bile pigment.

Separate a plausible mechanism from histologically confirmed cast nephropathy.



Self-test: Interpret the pigment

lllustrative case — constructed for teaching

A tissue section shows pigmented tubular casts and sloughed cells. Clinical notes
document both hyperbilirubinemia and a recent episode of skeletal muscle injury.

Interpretation prompts
e Which two pigment sources are plausible?

e What observations and testing could strengthen the distinction?



Self-test answer: Casts require context

Bile pigment and myoglobin are both possible cast contributors.

Tubular damage and cast obstruction are not unique to bile nephropathy.

Use the clinical timeline, muscle injury markers and appropriate histochemistry.

Do not diagnose cast chemistry from hue alone.



Practical synthesis: Jaundice with AKI

. . . Address cause;
Severe liver Evaluate multiple Seek supportive !

. - . - . . — Reassess renal
dysfunction AKI mechanisms pigment evidence course

The diagram is an educational synthesis, not a validated protocol.



Five essential clinicopathologic statements

Severe hepatic disease with marked bilirubin elevation provides the setting.

Bile casts typically occupy distal nephron segments and may extend proximally.

Tubular epithelial toxicity and physical luminal obstruction both matter.

Pigment color is variable; Morphological and clinical correlation is essential.

Renal recovery depends partly on hepatic severity and duration.

These are condensed claims directly anchored to the core textbook section.



Sources and further reading

Primary teaching source Supplementary literature

Robbins, Cotran & Kumar, 11th

ed. (2026), ch. 20, p. 850 Torrealba et al. Case Rep Nephrol Dial. 2018;8:207-215

Adjacent ATl and light-chain

cast passages, pp. 847850 El Chediak et al. Ren Replace Ther. 2020;6:15

Alabdul Razzak et al. World J Hepatol. 2025;17:105120

Maiwall et al. Sci Rep. 2026;16:14449 (exploratory)

DOIs available within slide notes on individually citing slides. No third-party photomicrographs embedded.
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