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Objectives

·Renal allograft biopsy adequacy

·Renal allograft biopsy processing

·Pathological features of allograft rejection

·Banff Schema and update

·Thrombotic microangiopathy in renal allograft

·Polyoma virus nephropathy pathological features

·Teaching cases 
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Renal Allograft Biopsy 
·What do I need to KNOW?

·Clinically indicated vs. protocol 

·Patient age and sex

·Primary disease (if known)

·Date of transplantation and type of graft

·Immunological status of the recipient

·Biochemical / renal profile ï protein and haematuria are 
important

·Immunosuppressive therapy / regimen (& any possible 
Rx prior to Bx); levels 

·Systemic diseases (e.g., DM, HTN, chronic hepatitis)

·Other information (e.g., viral load) 
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Renal Allograft Biopsy 
· Adequacy of renal allograft biopsy: 

 For an allograft biopsy specimen it is 

recommended that an adequate specimen shall 

contain Ó10 glomeruli and >2 arteries while 

minimal requirement is for seven glomeruli and 1 

artery. It is also recommended that at least 2 

separate cores containing cortex be obtained or 

there should be two separate areas of cortex in 

the same core. 

The Banff 97 working classification of renal allograft pathology.  Racusen et al. Kidney Int. 1999 

Feb;55(2):713-23.
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Renal Allograft Biopsy 
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Common Causes of Early and Late 

Allograft Dysfunction
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Causes of Allograft Dysfunction

Early graft dysfunction (<6 mo post 

transplant)

Late graft dysfunction (>6 mo post 

transplant)

Acute rejection

Acute kidney injury

Acute CNI toxicity

Acute pyelonephritis

Viral infections; CMV, adenovirus

Urinary tract obstruction

Arterial/venous thrombosis

Donor related diseases  

Late onset  acute rejection

Chronic active cellular & antibody 

mediated rejection

Chronic CNI toxicity

Hypertensive nephrosclerosis 

Renal artery stenois

Recurrent/de novo glomerulonephritis
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Diagnostic Categories of Renal 

Allograft ð Banff ô19 Update

·Classification of renal allograft rejection: 

1. Normal biopsy or nonspecific changes 

2. Antibody-mediated rejection (ABMR)
o Active ABMR

o Chronic active ABMR

o Chronic inactive ABMR

3. Borderline changes ñSuspiciousò for acute T-cell 
mediated rejection

4. T-cell-mediated (cellular) rejection:
o Acute: Grade I (A & B), Grade II (A & B) and Grade III 

o Chronic active: Grade IA, IB and II

Sis B, et al.  Am J Transplant 2010;10:464-471

Hass M, et al. Am J Transplant 2018;18:293-307
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Acute T-Cell-Mediated (Cellular) 

Rejection
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Acute T-Cell-Mediated (Cellular) 

Rejection
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Acute T-Cell-Mediated (Cellular) 

Rejection
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Roufosse et al.  Transplantation 2018;102:1795-1814

t0ðNo mononuclear cells in tubules 

or single focus of tubulitis only.

t1ðFoci with 1 to 4 mononuclear 

cells/tubular cross section

(or 10 tubular cells).

t2ðFoci with 5 to 10 mononuclear 

cells/tubular cross section

(or 10 tubular cells).

t3ðFoci with >10 mononuclear 

cells/tubular cross section

or the presence of Ó2 areas of 

tubular basement membrane

destruction accompanied by i2/i3 

inflammation and

t2 elsewhere.
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https://basicmedicalkey.com/kidney-transplant-pathology
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Acute T-Cell-Mediated (Cellular) 

Rejection
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Acute T-Cell-Mediated (Cellular) 

Rejection

·Types / Grades of Acute TCMR:
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Borderline Changes òSuspiciousó for 

Acute T-Cell-Mediated Rejection

·This category is used when no intimal arteritis is 

present, but there are foci of tubulitis (t1, t2 or t3) 

with minor interstitial infiltration (i0 or i1) or 

interstitial infiltration (i2, i3) with mild (t1) tubulitis. 
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Chronic Active T-Cell Mediated 

Rejection 
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Chronic Active T-Cell Mediated 

Rejection 

·Chronic TCMR, Grade II 

·Arterial intimal fibrosis with mononuclear cell 

infiltration in fibrosis and formation of neo-intima.
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Roufosse et al.  Transplantation 

2018;102:1795-1814

Chronic Active T-Cell 

Mediated Rejection

Grade II 



Active Antibody Mediated Rejection

·Antibody-mediated rejection histological features:

1. ATN-like tubular injury / Acute kidney injury

2. Glomerulitis

3. Dilatation of the cortical peritubular capillaries

4. Capillaritis (neutrophils and/or mononuclear 

leukocytes in peritubular capillaries)

5. Arterial inflammation/fibrinoid change

6. Interstitial oedema and haemorrhage

7. C4d membranous circumferential positivity in the 

cortical peritubular capillaries (by IF or IHC).
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Active Antibody Mediated Rejection
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Interstitial haemorrhage
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AKI



Active Antibody Mediated Rejection
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Transplant glomerulitis



Active Antibody Mediated Rejection
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PTC1 PTC2

PTC3 PTC3

Gibson IW, et al. Am J Transplant 2008;8:819

Active Antibody Mediated Rejection
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Intimal arteritis in ABR
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TMA in ABR
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TMA in ABR
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TMA in ABR



·Scoring of C4d staining is based on the 

percentage of stained tissue on IF/IHC that has a 

linear, circumferential staining pattern in PTC.

·The minimal sample for evaluation is 5 HPF of 

cortex without scarring or infarction.

Active Antibody Mediated Rejection

C4d
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Solez K, et al. Am J Transplant 2008;8:753
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Active Antibody Mediated Rejection

C4d
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Diffuse C4d staining Focal C4d staining 
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C4d IHC
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Chronic Active AMR
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·In Banff schema, the criteria are triad of the 
following features:
·Morphological features (one or more of the 

following):
·Transplant glomerulopathy (duplication or ñdouble contoursò 

in the GBM).

·Severe multilamination of the PTC basement membranes 
(requires EM).

·Chronic arteriopathy with fibrous intimal thickening. 

·C4d deposition in the PTCs.

·Serological evidence of donor-specific antibodies. 

 
Solez K, et al. Am J Transplant 2007;7:518

Hass M, et al. Am J Trasnplant 2018;18:293
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Chronic Active AMR
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·Note:

·If only two of the 
three principal 
elements are present, 
the diagnosis is 
considered to be 
ôsuggestiveõ.

·Even though this is a 
ôchronicõ process, the 
presence of C4d 
indicates ongoing 
immunological 
activity. 
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Chronic Active AMR
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Roufosse et al.  Transplantation 

2018;102:1795-1814

TG
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