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Learning outcomes

• Distinguish the acute, chronic, and stone-forming renal syndromes.

• Explain why a distal, acidic tubular environment favors precipitation.

• Recognize the defining histologic lesion of chronic urate nephropathy.

• Connect crystal site and obstruction with the pattern of kidney dysfunction.



Three principal renal manifestations

Acute

Uric acid crystals obstruct 
collecting ducts → acute 

renal failure

Chronic

Monosodium urate 
deposits and tophi → 

slowly evolving 
tubulointerstitial damage

Stones

Uric acid calculi occur in 
the collecting system

These are related but anatomically and clinically distinct syndromes.



What the term “urate nephropathy” covers

A pattern of renal injury—not a single uniform lesion

Acute crystal-induced tubular obstruction Chronic medullary tophaceous reaction

Uric acid stone disease



Purine breakdown produces uric acid

Released nucleic 
acids

Purine catabolism
Uric acid 

production
Renal exposure



Why renal tubules are vulnerable

• Uric acid is delivered into tubular fluid for excretion.

• Crystals can form when dissolved uric acid exceeds local solubility.

• Acidic distal tubular fluid particularly favors uric acid precipitation.



The distal nephron is a critical site

Schematic nephron compartments

Glomerulus

Filtration

Proximal tubule

Early nephron

Loop of Henle

Medullary segment

Distal tubule

Acidic distal milieu

Collecting duct

Favored 
precipitation

Distal nephron is central

Sequence illustrates nephron location, not scale.



Two ways crystals damage the kidney

Crystal 
precipitation

Tubular blockage
Reduced nephron 

drainage
Renal functional 

impairment



Distinguishing the three syndromes

Feature Acute Chronic Stones

Main deposit Uric acid Monosodium urate Uric acid calculus

Typical site Collecting ducts Distal nephron / medulla Urinary tract

Effect Abrupt renal failure Slow tubular injury Obstructive stone disease

Context Tumor lysis Protracted hyperuricemia Gout or acidic urine



Acute uric acid nephropathy

A sudden intratubular crystal-obstruction syndrome

Marked uric acid generation may 
overwhelm solubility.

Precipitation mainly occurs in collecting 
ducts.

Acute renal failure follows nephron 
obstruction.



Hematologic malignancy is the classic context

• Leukemia and lymphoma are identified clinical settings.

• Anticancer treatment can rapidly destroy many tumor cells.

• Their released nucleic acids undergo catabolism to uric acid.



Tumor lysis: Biochemical-to-renal sequence

Chemotherapy Tumor cell death Nucleic acid release

Uric acid formation Tubular precipitation Obstruction / AKI



The role of the collecting duct

Location

Distal collecting duct is 
the principal site of acute 

precipitation.

Environment

Its acidic tubular fluid 
favors uric acid crystals.

Consequence

Obstruction can affect 
multiple functioning 

nephrons.



Acute intraluminal uric acid plugs

Crystalline deposits

Lumen becomes obstructed

Tubular epithelium

Native PowerPoint schematic — not histology



Acute functional consequences

• Tubular lumens become obstructed by precipitated crystals.

• Obstructed nephrons contribute to loss of renal excretory function.

• The key clinical syndrome is acute renal failure.



Acute injury: Site-to-syndrome map

Collecting duct 
crystals

Mechanical 
luminal blockage

Nephron outflow 
impaired

Acute renal 
failure



Why the timing matters

Before cell lysis

The renal uric acid burden 
may be comparatively 

lower.

After cell lysis

Uric acid generation can 
rise as nucleic acids are 

broken down.

Clinical inference

New acute renal 
dysfunction demands 

assessment in the tumor-
lysis context.



Acute uric acid nephropathy versus acute tubular injury

Uric acid crystal obstruction

• Key mechanism: Intraluminal 
precipitation

• Association: Tumor lysis

Acute tubular injury

• Key mechanism: Tubular epithelial 
ischemic/toxic damage

• Microscopy: Epithelial injury and casts



Crystal obstruction versus light-chain cast nephropathy

Uric acid crystals

• Nucleic acid catabolism → uric acid

• Especially collecting ducts

Light-chain casts

• Myeloma light chains + Tamm–Horsfall 
protein

• Tubular casts and inflammation



Clinical application: Acute presentation

A person with lymphoma develops abrupt renal dysfunction soon after 
chemotherapy. A metabolic product of extensive tumor-cell breakdown 
precipitates in collecting ducts.

What crystalline material and mechanism best explain this syndrome?



Acute case: Mechanism resolved

What explains the post-chemotherapy renal dysfunction?

Acute uric acid nephropathy

Purine degradation after tumor lysis produces uric acid. Acidic collecting duct 
fluid favors crystal precipitation and nephron obstruction.



Chronic urate nephropathy

A rare, slowly evolving consequence of protracted 
hyperuricemia

Also termed gouty nephropathy
Monosodium urate deposits form in the 
distal nephron

Tubulointerstitial reaction and scarring may 
follow



Why chronic urate nephropathy is distinct

• It as uncommon despite prolonged hyperuricemia.

• Its lesion includes a foreign-body inflammatory response to deposits.

• The clinical pattern may be subtle and slowly progressive.



Chronic deposits: Distal and interstitial sites

Schematic nephron compartments

Glomerulus

Filtration

Proximal tubule

Early nephron

Loop of Henle

Medullary segment

Distal tubule

Acidic distal milieu

Collecting duct

Favored 
precipitation

Chronic urate deposits ±
interstitium

Sequence illustrates nephron location, not scale.



Chronic crystal distribution

Distal tubules

Deposits may occupy the 
tubular lumen.

Collecting ducts

Distal acidic environment 
is implicated.

Interstitium

Deposits may become 
surrounded by reactive 

cells.



Renal tophus

Needle-like urate deposits surrounded by a foreign-body giant-
cell reaction

Characteristic form of chronic urate 
deposition

Can occur within tubules or in the 
interstitium

Often best recognized by crystal-shaped 
spaces



Renal tophus: Histologic schematic

Crystal clefts

Foreign-body giant-cell 
reaction

Schematic of renal tophus — crystals may dissolve during processing



Why giant cells accumulate

• Monosodium urate appears as a persistent foreign crystalline deposit.

• A surrounding foreign-body giant-cell reaction.

• The reaction outlines the original slender crystal forms.



An important histology artifact

Urate crystals frequently dissolve during routine processing

Needle-shaped clefts may remain where 
crystals had been.

Reactive giant cells outline the former 
crystalline material.

An empty space need not indicate absence 
of prior deposits.



Morphology: Lesion components

Crystals / clefts

Slender needle-like 
deposits or empty tracks

Inflammation

Foreign-body giant cells 
around deposited 

material

Location

Medullary 
tubulointerstitium or 

tubular lumens



Deposits within tubular lumens

Crystalline deposits

Needle-like deposits mark a tophus

Tubular epithelium

Native PowerPoint schematic — not histology



How chronic obstruction affects the cortex

Corticomedullary consequence of persistent tubular obstruction

Medulla Urate deposits / 
obstruction

Tubulointerstitiu
m Inflammation and scarring

Cortex Atrophy with chronic 
damage

Schematic — no actual tissue shown



Chronic injury: Mechanistic continuity

Distal urate 
deposits

Repeated luminal 
obstruction

Chronic 
tubulointerstitial 

injury

Cortical atrophy 
and scars



Clinical expression of chronic disease

• Tubular defects may be the predominant early abnormality.

• The disease can remain subtle rather than rapidly symptomatic.

• Progression may occur slowly over time.



Hyperuricemia is not synonymous with renal tophus

Hyperuricemia

• Systemic biochemical finding

• Does not alone prove tissue deposition

Renal tophaceous disease

• Urate deposition with characteristic 
tissue reaction

• Requires lesion-based attribution



Systemic gout and the kidney

Articular tophi

Urate aggregates with 
foreign-body giant cells

Renal tophi

Crystal deposits in 
medullary interstitium / 

tubules

Renal complications

Stones and obstructive 
complications may coexist



Clinical application: Chronic pattern

A patient with longstanding gout has slowly worsening tubular kidney 
dysfunction. A renal medullary sample contains elongated empty clefts outlined 
by multinucleated giant cells.

What is the most characteristic pathologic diagnosis?



Chronic case: Tissue diagnosis

What is the lesion indicated by clefts and giant cells?

Renal urate tophus

In chronic urate nephropathy, crystals may be lost during processing, leaving 
needle-shaped spaces rimmed by foreign-body giant cells.



Uric acid nephrolithiasis

The third renal manifestation is calculus formation

Calculi arise in the urinary collecting 
system.

Urine composition and acidity influence 
their formation.

Stone disease may cause obstruction and 
associated pyelonephritis.



Uric acid stones in the wider stone spectrum

• Approximately 5%–10% of urinary stones to uric acid.

• Other categories include calcium, struvite, and cystine stones.

• The chemistry of a calculus matters to its diagnosis and behavior.



Three drivers of uric acid stones

Uric acid burden

Hyperuricemia or rapid 
cell turnover may 

increase risk.

Low urine pH

Poor uric acid solubility in 
acidic urine.

Low urine volume

Can favor urinary 
supersaturation.



Low urine pH can drive stone formation

Uric acid solubility depends strongly on urinary acidity

More acidic urine

Favours undissociated uric acid

Greater precipitation tendency

Less acidic urine

Greater urate ionization

Different solubility environment

Urinary pH below 5.5 in many uric acid stone formers.



Normal serum urate does not exclude uric acid stones

More than half lack hyperuricemia or hyperuricosuria

An idiopathic subset of uric acid stones.
A urinary pH below 5.5 may predispose in 
this group.

Acidic urinary chemistry can be more 
informative than serum urate alone.



Radiology: Composition changes visibility

Uric acid stone

Radiolucent on conventional plain 
radiography

Calcium stone

Radiopaque on conventional plain 
radiography

The radiolucent/radiopaque distinction refers to conventional radiography.



Stone types: Robbins textbook comparison

Stone type Main composition Characteristic context

Calcium Oxalate ± phosphate Most common stone group

Struvite Mg / ammonium / phosphate Urea-splitting infection; Alkaline urine

Uric acid Uric acid Acidic urine; Gout; High turnover

Cystine Cystine Hereditary tubular transport defect



Textbook-reported gout stone associations

22%

Individuals with gout have uric acid stones

42%

Individuals with secondary hyperuricemia 
have uric acid stones

Percentages quoted (2026), Chapter 20; Populations differ.



Uric acid can contribute to calcium stones

Hyperuricosuria is not limited to uric acid calculi

Uric acid crystal–mediated nucleation of 
calcium oxalate.

This mechanism occurs in a subgroup of 
calcium stone formers.

Stone composition should not be 
presumed from serum urate status.



Potential complications of a calculus

Uric acid calculus
Urinary outflow 

obstruction

Stasis / 
associated 
infection

Pyelonephritis 
risk



Clinical application: Radiolucent stone

A patient with gout has urinary stone symptoms. The calculus is not visible on a 
conventional plain radiograph. Acidic urinary conditions are suspected.

What stone composition is favored by this combination?



Stone case: Radiology and chemistry

Which composition best fits the described stone?

Uric acid calculus

Uric acid stones as radiolucent, in contrast with radiopaque calcium stones, and 
emphasizes low urine pH.



Urate nephropathy versus nephrocalcinosis

Urate-related disease

• Acute uric acid plugs or chronic urate 
tophi

• Acidic distal environment emphasized

Hypercalcemic nephrocalcinosis

• Calcium deposition and/or stones

• May cause concentrating defects and 
chronic insufficiency



Uric acid versus struvite stone chemistry

Uric acid

• Acidic urine favors precipitation

• May be radiolucent

Struvite

• Urea-splitting infection raises urinary 
pH

• Alkaline urine favors precipitation



Three phenotypes: Interpret the clinical pattern

Pattern Clue Pathology mechanism

Abrupt AKI after tumor lysis Leukemia/lymphoma; Chemotherapy Collecting duct crystals

Slow tubular dysfunction Protracted hyperuricemia; Gout Medullary tophi and fibrosis

Stone / obstruction Acidic urine, ± hyperuricemia Uric acid calculus



Diagnostic pitfall: Do not equate association with proof

• Gout or hyperuricemia alone does not establish the cause of CKD.

• A renal tophus is a characteristic lesion of true chronic urate deposition.

• Other renal disease mechanisms should remain in the differential.



A pathologist’s site-first checklist

Where?

Collecting duct lumen, 
distal nephron, or 

interstitium?

What?

Crystal material, clefts, 
casts, or calcific deposits?

Reaction?

Acute obstruction, 
foreign-body giant cells, 

or fibrosis?



Integrated mechanism across time

Urate / uric acid load Local supersaturation Renal crystal deposition

Obstruction ±
inflammation

AKI or chronic injury



Integrated application: Contrasting two patients

Patient A: Leukemia treated with chemotherapy, then abrupt kidney 
dysfunction. Patient B: Longstanding gout, slowly progressive tubular defects, 
and medullary needle-like clefts with giant cells.

Classify each renal syndrome and its dominant mechanism.



Integrated case: Two mechanisms

How are the two patients best classified?

A: Acute uric acid nephropathy | B: Chronic urate nephropathy

A: Intratubular precipitation and obstruction. B: Medullary tophaceous deposits, 
foreign-body reaction, and slowly progressive scarring.



Final synthesis: Remember the three lesions

Acute

Collecting duct uric acid 
crystals → AKI

Chronic

Medullary monosodium 
urate tophi → scarring

Stones

Uric acid calculi → 
obstruction / infection 

risk

All three are supported by the urate nephropathy and urolithiasis passages.



Core references

• Robbins, Cotran & Kumar. Pathologic Basis of Disease. 11th ed. (2026). Chapter 20, p. 849.

• Same textbook. Chapter 20: Urolithiasis, pp. 861–862.

• Same textbook. Chapter 26: Gout, pp. 1095–1096.
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