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Learning Objectives

Å To appreciate the most common pathologic findings in the non-
neoplasticcomponent of a nephrectomyor partial nephrectomy
specimen (a component which is part of the CAP kidney tumor 
template), and to understand the potential clinical significance of 
these findings.

Å To understand the role of pathology in the workup of the donor 
kidney for transplantation, and to appreciate common findings at 
frozen section, and the clinical significance of these findings.

Å To appreciate common pathologic findings in the autopsy kidney, 
and to be able to differentiate between acute tubular injury and 
tubular autolyticartifact.



Tumor NephrectomySpecimens

ÅRenal cell carcinoma:
ï74,000 new cases per year in the US currently
ïSEER Registry (2005-11)
ÅLocalized: 65% (most stage 1)

ïSteady decrease in tumor size at presentation likely 
due to incidental detection on CT/MRI (stage 
migration)
ï5 year survival has greatly improved over 50 years, 

especially good for stage 1 (95-100%)

ÅWe are seeing more nephrectomy/partial 
nephrectomyspecimens!



End stage renal disease
ÅDespite dialysis, mortality from ESRD is high
ÅMedicare patients >65 yo, on dialysis:
ïSubstantially higher mortality than similar patients with 

cancer, diabetes, cardiovascular disease

ÅKidney cancer and chronic kidney disease share risk 
ŦŀŎǘƻǊǎ όƘȅǇŜǊǘŜƴǎƛƻƴΣ ŘƛŀōŜǘŜǎΣ ǎƳƻƪƛƴƎΧύ
ï25% of patients have CKD Ą risk for ESRD Ą risk of death

ÅImplications for the importance of the assessment of 
the non-neoplasticcomponent of the kidney:

ÅIn some patients the medical kidney disease may be 
ǘƘŜ Ƴƻǎǘ ŎƻƴǎŜǉǳŜƴǘƛŀƭ ŦƛƴŘƛƴƎΧƳŀȅ ŀƭƭƻǿ ŜŀǊƭƛŜǊ 
intervention/preventive measures



Pathology assessment of non-
neoplastickidney

Å1. Diagnosis of specific pathologic entities
ïBijol (2006): pathologic abnormalities in 60% of tumor 

nephrectomies
ÅMostly vascularsclerosingdisease with parenchymal

scarring, diabetic renal disease

ÅSalvatore (2013) found similar prevalence

ïHenriksen(2007): 24/246 tumor nephrectomieshad 
non-neoplasticdisease
ÅMostly diabetic renal disease and vascularpathology 

(including thrombotic microangiopathy, atheroembolism)

Å88% of these diagnoses were initially missed!



Pathology assessment of non-
neoplastickidney

Spectrum of findings:

ÅHypertensive kidney disease (30%)

ÅDiabetic kidney disease (20%)

ÅThrombotic microangiopathy

ÅFocal segmental glomerulosclerosis

ÅIgAnephropathy

ÅAmyloidosis

ÅEtc.



Pathology assessment of non-
neoplastickidney

Å2. Help predict risk of progressive renal failure

ï>20% Global glomerulosclerosisor advanced 
diffuse diabetic glomerulosclerosispredict 
significant decline in kidney function at six months 
Bijol (2006)

ïFor each 10% increase in glomerulosclerosis, 
estimated GFR decreased by 9% from baseline 
Gautam(2010)

ÅĄNB implications for preventive measures 



Progression of kidney disease 
ÅConcept of structural and functional adaptations to loss of 

kidney mass

ÅOnce enough damage has been done, kidney will progress to 
failure even if the initial disease is no longer active ςa final 
common pathway to chronic injury

ÅKidney injures itself trying to compensate

ÅNephronlossĄhyperfiltrationof remaining 
nephronsĄsegmental/global glomerulosclerosis

ÅSecondary focal segmental glomerulosclerosis

ÅParticular issue for neprectomyis patient with CKD

ÅMotivates: nephronsparing surgery, ablation etc (remember 
25% with RCC already have CKD)



CAP Cancer protocols: renal cancer, 
and ureter and renal pelvis cancers



Quick Tour of Renal Pathology!

ÅKidney pathology is esoteric
ÅTerminologically difficult
ÅVarious special stains used routinely
ÅSpecific modalities (IF, EM) used routinely
ÅClinical-pathologic correlation is very important

But remember:
ÅCommon things are common (esp. HTN, DM)
ÅIn this session I try to approach from the H&E (maybe 
t!{Χύ ǾŀƴǘŀƎŜ Ǉƻƛƴǘ
ÅCover some of the most common patterns



Normal Kidney

Four compartments: glomeruli, tubules, interstitium, vessels



Normal Kidney (H+E)



Normal Kidney (PAS)

The most helpful stain for assessing glomerularbasement membranes 
and mesangium(stains glycoproteinsparticularly well)



Terminology

Glomerular:

ÅSegmental, Global: @ glomeruluslevel

ÅFocal, Diffuse: @ biopsy level

ÅEndocapillaryproliferation: glomerularcapillary 
loops filled with cells

ÅMesangialproliferation: too many cells in the 
little mesangialareas (>3 cells on a nice section)

ÅExtracapillaryproliferation: Crescent formation



GlomerularProliferative Patterns

Normal MesangialProliferation

EndocapillaryProliferation ExtracapillaryProliferation / Crescent



GlomerularSclerosingPatterns

Normal Diffuse mesangialsclerosis

Segmental sclerosis Global sclerosis



Thickened GlomerularBasement Membranes

Normal Membranous nephropathy

MembranoproliferativeGN

Other Causes include:

Advanced Diabetic glomerulosclerosis
Amyloidosis
Chronic thrombotic microangiopathy



Tubulo-interstitial patterns of injury

Acute Tubular Injury

GranulomatousInterstitial Nephritis

Allergic Interstitial Nephritis (Eosinophils)

Acute pyelonephritis(neutrophils)



Vascular patterns of injury

Vascular sclerosis

Atheroembolism

Thrombus

Vasculitis



Chronic ParenchymalDamage

Normal kidney cortex Interstitial fibrosis and tubular atrophy

(Secondary focal segmental sclerosis)Global sclerosis



LƴǘŜǊǎǘƛǘƛŀƭ ŦƛōǊƻǎƛǎ ŀƴŘ ǘǳōǳƭŀǊ ŀǘǊƻǇƘȅ όάLC¢!έύ



Hypertension and the kidney

ÅCommonest disease in tumor nephrectomies(30%)
ïAreas of subcapsularscarring (grossly granular)

ïFibrosis of intima

ïThinning or hypertrophy of media

ïHyalinosisof arterioles

ÅAccelerated/malignant hypertension
ïFibrinoidnecrosis of vessel walls

ïMucoidchange of intima

ïHyperplasticŎƘŀƴƎŜ ƻŦ ǎƳŀƭƭ ŀǊǘŜǊƛŜǎκŀǊǘŜǊƛƻƭŜǎ όάƻƴƛƻƴ-
ǎƪƛƴƴƛƴƎέύ

ïThrombi



Hypertensive Kidney Disease

Arterial sclerosis, moderate

Arteriolosclerosis Arteriolar hyalinosis

Arterial sclerosis, severe



Hypertensive Arterial Disease

Fibrosis of intima and thinning of media

Reduplication of internal elastic lamina Hypertrophy of media



Diabetes and the kidney

ÅSecond commonest disease in tumor nephrectomies

ÅAll compartments involved

ÅMost characteristic (but not completely specific): 
glomerularfindings
ïDiffuse mesangialsclerosis

ïNodular sclerosis (Kimmelstiel-Wilson nodules)

ÅAssociated with prominent arteriolar hyalinosis(esp. 
involvement of both afferent and efferent arterioles)

ÅIncreased risk for arterial sclerosis

ÅChronic parenchymaldamage (IFTA) 



Diabetic Glomerulosclerosis

Normal Diffuse mesangialsclerosis

Nodular Glomerulosclerosis Global sclerosis



Diabetic Kidney Disease

Hyalinosisof afferent and efferent arterioles 



Thrombotic Microangiopathy(TMA)

ÅMicrovascularendothelial injury and thrombosis

ÅMay have important systemic implications

ÅMany causes (HUS, TTP, DIC, APLA, scleroderma, 
malignant hypertension, drug etc)

ÅAcute TMA:
ïά.ƭƻƻŘƭŜǎǎ glomeruliέΣ ŜƴŘƻǘƘŜƭƛŀƭ ǎǿŜƭƭƛƴƎΣ mesangiolysis, 

thrombi, intimal mucoidchange, fragmented red cells

ÅChronic TMA:
ïGlomerularbasement membrane reduplication (double 

contours/tram-tracking)

ïConcentric intimalŦƛōǊƻǎƛǎ όάƻƴƛƻƴ-ǎƪƛƴƴƛƴƎέ ƻŦ ŀǊǘŜǊƛŜǎύ



Acute Thrombotic Microangiopathy

Thrombus at vascular pole, 
fragmented RBCs

ά.ƭƻƻŘƭŜǎǎέ ŀǇǇŜŀǊŀƴŎŜΣ ŦǊŀƎƳŜƴǘŜŘ RBCs

Thrombus

Subtle intracapillarythrombi



Acute Thrombotic Microangiopathy

Mucoidintimal change of artery

Arterial/arteriolar thrombus



Chronic Thrombotic Microangiopathy

Glomerularbasement membrane reduplication: aka peripheral 
ŎŀǇƛƭƭŀǊȅ ƭƻƻǇ άŘƻǳōƭŜ ŎƻƴǘƻǳǊƛƴƎέ ƻǊ άǘǊŀƳ-ǘǊŀŎƪƛƴƎέ 

HyperplasticŀǊǘŜǊƛƻƭƻǎŎƭŜǊƻǎƛǎ κ άƻƴƛƻƴ ǎƪƛƴƴƛƴƎέ



Amyloidosis

ÅMay have important systemic implications also 
(e.g. myeloma, chronic inflammatory disease etc)

ÅMany causes: AL, AA, ALECT2, etc

ÅMay deposit in glomeruli, vessels, interstitium
and tubular basement membranes

ÅH&E: eosinophilic, PAS: pale, Congo Red positive 
(with green birefringence on polarized 
microscopy)

ÅCan send for typing by Mass Spectrometry (FFPE)



Amyloidosis

Amyloidinvolving glomerulus
and interstitium

5ƻƴΩǘ ŦƻǊƎŜǘ /ƻƴƎƻ wŜŘ ǎǘŀƛƴ ƛŦ ǎǳǎǇƛŎƛƻǳǎΗ

Amyloidinvolving glomerulus, 
simulating nodular diabetic GS

Amyloidinvolving interstitium



CrescenticGlomerulonephritis

ÅThe most severe 
manifestation of 
glomerulardisease
ïAnti-GBM disease
ïPauci-immune (ANCA-

associated)
ïAssociated with 

immune complex 
deposition

ÅIF and EM are key in 
diagnosis (can do on 
FFPE material)



Direct Tumor Effects

Å1. Tumor capsule/pseudocapsuleformation
ïUnderlies the recommendation to sample away from 

tumor
ïLocalized chronic parenchymaldamage
ïMay have surrounding zone of acute tubular injury

Å2. Consequences of obstruction due to tumor
ïChronic pyelonephritis
ïMay be significant chronic parenchymaldamage 

associated specifically with this (rather than other intrinsic 
kidney disease)

ÅĄThesefindings do not generalize to the contralateral
kidney



Tumor capsule



Benign tumors may lack capsule

Above: metanephricadenoma
Another characteristic example is oncocytoma



Obstruction due to tumor



Obstruction due to tumor

Hydronephrosiswith calyceal
dilatation, and parenchymal
atrophy and inflammation

Parenchymalchronic damage: 
global glomerulosclerosis, and 
marked interstitial fibrosis and 
tubular atrophy
Interstitial chronic 
inflammation


