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HISTORICAL PERSPECTIVE 
 
What nowadays is a cornerstone of renal patients’ diagnosis and management has a very 

interesting and ingenious centenary history. The foundations for these improvements were in 
turn based on over 300 years of macroscopic observations of the kidney at autopsy, defined in 
detail first by Giovanni Battista Morgagni (1682-1771) and then aided technically with the 
introduction of microtome machines and the first microscopes, in the 1830s. The first surgical 
biopsies of the kidney were performed as an optional test during open surgical kidney 
decortication for treatment of Bright’s disease in the late 19th century. This work is 
documented in a book written in 1904 by Edelbohls, reviewed by Cameron and Hicks [2]. 

The history of renal needle biopsy follows closely that of liver biopsy, eventually in 
modern times achieving equal incidence and respectability. The first liver biopsy is attributed 
to Schupfer in 1907, using a 1mm diameter needle [1], which was followed by various 
attempts leading to the first series of 160 liver biopsies in 1938 by Paul Iversen and Kaj 
Roholm. This work had the effect of increasing confidence in needle biopsies of solid organs 
throughout most of the medical community. This work was followed by a detailed report by 
Castleman and Smith in 1943, where kidney biopsy was obtained during dorsolumbar 
sympathectomy for treatment of hypertension (both reviewed by Cameron and Hicks). 

In the pre and peri-war era, while interest in kidney biopsies for solid tumours was 
dwindling because of the fear of tumour seeding in the needle track, Robert Kark (London) 
and Nils Alwall (Sweden) were separately working to rekindle confidence in this practice. 
Alwall first systematically performed aspiration needle biopsies of the kidney using X-ray 
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localisation and intravenous pyelography on 13 patients, obtaining useful tissue in 10 
patients. The data however was published as late as 1952. [3].  

In 1951 Paul Iversen and Claus Brun (the first nephrologist and co-founder of the 
International society of Nephrology) published their milestone paper with a series of 80 
patients, of which two-thirds had useful tissue. The right kidney was biopsied in the sitting 
position. [4].  

After this three important developments had to take place before the introduction of 
disposable needles and the modern automated biopsy gun. First, the change from the 
aspiration needle biopsy to the Vim-Silverman needle and second, changing the patient 
position to the prone position. This work was best demonstrated by Perez-Ara (Cuba) and 
Torsoli et al (Italy), whose works are reviewed in Cameron and Hicks’s paper. However the 
most important modification came when Robert Kark and Murray Franklin liased with 
Iversen/Brun and used the Vim-Silverman needle (with modifications) (Figure 1), and with 
the patient in the prone position. Results using this technique were the best so far [5].  

Despite the initial hiccups and scepticism surrounding the renal biopsy, documented also 
in the influential CIBA symposium held in London in 1961 [6], the practice spread 
worldwide, with many publications showing promising and consistent results (reviewed in 2). 
This was accompanied by an increasing confidence of pathologists in reporting and making 
diagnoses on such a small portion of tissue. This was aided by the introduction of 
immunohistochemistry, application of special histochemical techniques and the introduction 
of electron microscopy. Such work on renal biopsies was pioneered by Robert Heptinstall 
[7].Ultrasound-guided automated biopsies are commonplace practice in modern times, often 
performed by radiologists, however, an ability to perform a renal biopsy should be a part of 
every modern nephrology residency training programme. 

These techniques will be briefly outlined below.  

 

Figure 1. The Vim-Silverman needle before and after modification by Kark and Murray. The inner 
lumen of the tip was filled to trap the tissue obtained when the needle is withdrawn from the patient.  
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INDICATIONS FOR A RENAL BIOPSY 
 
In recent years there have been significant advances in understanding the pathology of 

medical renal diseases. As a result new disease entities have been identified and diagnostic 
criteria are being continually updated and revised. On-going studies into the molecular 
mechanisms involved in the pathogenesis of these disorders will lead to new modalities in 
diagnosis and treatment in the future. Recent developments in biopsy technology such as the 
use of the spring loaded automated biopsy gun and improvements in visualisation techniques 
(ultrasound and CT) have resulted in improved tissue yield while at the same time decreasing 
the risk of complications. These factors have increased the role of the renal biopsy in the 
diagnosis and management of medical renal diseases. The diagnosis following from a renal 
biopsy often guides any further investigations and clinical management. A biopsy diagnosis 
always includes an assessment of the presence and extent of chronic damage and this is the 
single most important prognostic factor that is a consistently reliable predictor of long term 
renal function. This also has a significant impact on influencing clinical management. 

The general indications for performing a percutaneous native renal biopsy include acute 
kidney injury, nephrotic syndrome, nephritic syndrome, haematuria, proteinuria (non-
nephrotic/ sub-nephrotic or nephrotic range) which may be asymptomatic, some cases of 
chronic renal failure, renal insufficiency of unknown aetiology and in certain clinical 
situations systemic disease with possible renal involvement e.g. diabetes (usually only if the 
clinical picture appears atypical), systemic vasculitis or systemic lupus erythematosus. Where 
the cause is not known, patients with chronic renal failure may be biopsied in some instances, 
in an attempt to obtain any residual clues to the underlying aetiology.  

The frequency of biopsy in nephrotic syndrome varies with the age of the patient. 
Nephrotic syndrome in children is most commonly due to Minimal change disease (MCD) 
and is rarely biopsied, usually only when it shows atypical features clinically. This is in 
contrast to the frequency of biopsy for Nephrotic syndrome in adults where MCD is a less 
frequent cause than membranous nephropathy, amyloidosis, diabetes and FSGS.  

In one study, in patients with normal renal function, the primary indications for renal 
biopsy were microhaematuria associated with proteinuria, particularly >1 g/day of protein. In 
chronic renal insufficiency, kidney dimension was a major parameter considered before renal 
biopsy, whereas the presence of diabetes or serological abnormalities was not considered 
critical.  

In the course of acute renal failure (ARF) of unknown origin, 20% of the respondents 
would perform renal biopsy in the early stages, 26% after 1 week of non-recovery, and 40% 
after 4 weeks [8].  

In another study looking at patients aged over 65yrs, the main indications were acute 
kidney injury and nephritic syndrome [9]. Occasional cases of nephrotic-range proteinuria 
and lipiduria require imaging prior to renal biopsy e.g. lymphangiomas causing chyluria [10]. 

The important reasons for biopsying renal allografts are acute or chronic graft 
dysfunction and proteinuria, mainly to check for rejection, response to and side effects of 
treatment and to exclude opportunistic infections. Diagnosis of rejection cannot be made 
without histological assessment of the biopsy and this is one of the few instances where the 
pathologist’s assessment has an immediate influence on clinical management. A diagnosis of 
rejection will lead to treatment which could save the graft whilst lack of histological evidence 
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of rejection in an adequate biopsy will avoid unnecessary treatment and may indicate the need 
for further investigation. These issues will be discussed in the following sections.  

Finally, renal biopsies are performed in cases of hereditary nephritis or metabolic 
disorders (e.g. tubular proteinuria, Fanconi’s syndrome, renal tubular acidosis), especially in 
children and in the investigation of renal mass lesions. One should also keep in mind that the 
indications vary depending on the regional disease prevalence around the globe. 

Biopsies may be repeated to check the progression of diagnosed/established disease, 
monitor the effects of treatment or to detect the development of another condition. 

 
 

THE ASPIRATION TECHNIQUE  
 
After the advent of the Trucut needle in the 1960s, the percutaneous renal biopsy gained a 

steady popularity, which continued to increase in the 1980s and the 1990s with the 
introduction of the automated biopsy gun. The latter is usually performed under real-time 
ultrasound guidance. With patient safety and maximisation of tissue yield from the biopsy 
always considered to be of prime importance, other ways of obtaining diagnostic tissue were 
devised to accommodate difficult scenarios, such as the transjugular, transurethral and 
laparoscopic methods of renal biopsy, all of which shall be briefly outlined below. 

The modern Trucut needles (Figure 2) minimise patient trauma and maximise tissue 
sampling. They also offer centimetre depth markings to assist in needle placement, and can 
still be guided in the initial stages by ultrasound guidance. The disadvantage is that for the 
biopsy to take place, the ultrasound probe has to be detached from the biopsy needle and the 
precise final location of the needle confirmed by movements of the needle during respiration. 
The traditional needle gauge with such methods is 14G. 

 

 

Figure 2. The modern manual trucut needle. 
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Figure 3. The automated biopsy gun. 

A variety of automated biopsy guns are now in use, which can be single use or reusable. 
All the models allow for multiple passes and a smaller gauge (16G-18G), (Figure 3). 
Widespread use of this gun was reported and studied only in the early 1990s [11, 16, 17]. To 
avoid biopsying the liver, the lower pole of the left kidney is biopsied with the patient in the 
prone position. Local anaesthetic is introduced under ultrasound guidance covering all the 
tissues up to the kidney. Then, after a small skin incision, the biopsy gun is attached to the 
ultrasound probe via a special adapter and the exact biopsy location established under 
ultrasound guidance. The needle is introduced into the patient at an angle of 65° until the 
renal capsule is reached [15]. The actual firing and kidney tissue penetration lasts less than 
one second, with the patient instructed to hold his/her breath [11,12]. The patient is then 
followed up closely for 24 hours, with the haematocrit value at 6hrs having a high predictive 
value for risk of bleeding. [14]. 

The renal cortex has an average thickness of 10mm. The biopsy needle extends slightly 
before beginning to cut, so sometimes the resultant tissue may have little or no cortex. [12]. 
This may result in multiple passes (biopsy attempts) being undertaken, with many studies 
limiting themselves to no more than five tries, with an average of two or three passes. [11, 13, 
14]. There was no significant difference in the tissue yield between manual trucut and 
automated biopsy gun methods [16] but what is also certain is that a lower number of passes 
was needed when using US-guided biopsy gun as compared to manual trucut biopsy [11].  

Some centres offer the opportunity of a skilled operator with a dissecting microscope in 
the same room who can confirm the suitability of the sample with the patient still under sterile 
surgical conditions [12]. This technique will be outlined in the following section, but ideally 
this should be performed at the ‘bedside’.  
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Figure 4. Relationship between the biopsy gun, perinephric fat and renal cortex. The modern devices 
normally yield 18-20mm specimens.  

Modern biopsy guns have a variety of needle gauges to choose from, but the 16- and 18-
gauge needles are the most widely used. The internal diameter of the 18-gauge needle is 300 
to 400 μm, the 16-gauge needle is 600 to 700 μm and the 14-gauge needle is 900-1000 μm. 
With the adult glomerular size being 200 μm and the newborn glomerular size being 100 μm, 
it is apparent that the 18- gauge needle is the best choice in children and the 16-gauge needle 
best for the adult, with some cases requiring the use of a 14-gauge needle. (Van Damme B et 
al, reviewed in 12). However, satisfactory results using an 18-gauge needle in adults have 
also been reported [15]. 

The 16-gauge and 18-gauge needle automated biopsy technique is also documented to be 
safe for patients with a single functioning kidney [11, 18], patients with lupus nephritis and 
coagulation disorders, and patients with co-operation difficulties [11]. Complications of 
percutaneous renal biopsy using modern biopsy guns include minor bleeding (5.3%-6.6%), 
major bleeding requiring blood transfusion (0.5% - reported to be as high as 7.7% with 14G 
needles), perirenal haematomas (as high as 65% reported, but most are of no consequence), 
arteriovenous aneurysms, infection, loss of the kidney, all being quite rare [12, 15, 16]. 
Complication rates are reported to be even lower when strict criteria are abided to, for 
example exclusion of patients with coagulopathies, uncontrolled blood pressure, difficult 
anatomy or compliance issues [15]. In one study, female gender, younger age (35yrs vs 45 
yrs) and a high baseline partial thromboplastin time were found to be significantly predictive 
of a higher risk of complications post-biopsy [13]. Unfortunately there are no definite 
histological features which can predict complications occurring in the post-biopsy period. 
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Although the complication rate with a percutaneous biopsy has drastically diminished in 
the recent years, the need for finding alternative ways of obtaining tissue in difficult situations 
provided the impetus to devise and study alternative ways of biopsying the kidney.  

The contemporary transjugular retrograde approach was found to have a high tissue yield, 
a 12% rate of minor perirenal haematoma and the advantage that any serious bleeding will 
occur into the systemic venous circulation [12,19].  

The laparoscopic renal biopsy can be performed via a transperitoneal or retroperitoneal 
approach. Indications for laparoscopic renal biopsy include bleeding diathesis (and other 
relative contraindications to the percutaneous approach), morbid obesity, solitary kidney, 
religious faith, bilateral non-hereditary renal cysts and body habitus/un-cooperative patients 
[20]. Outweighing the disadvantages of general anaesthesia and overall costs of such a 
procedure is the fact that the biopsy yield is always sufficient (performed as superficial 
cortical cup biopsies which minimise the risk of vessel and urothelial damage) haemostasis is 
achieved under direct vision, and the procedure can be performed on an outpatient basis [20].  

A wedge biopsy is taken directly from the kidney through an incision at operation. 
Wedge biopsies are most commonly taken at the time of transplantation, particularly from 
marginal grafts to determine suitability of the kidney for transplantation and enable a baseline 
assessment of the transplanted kidney (the extent of chronic damage and the state of the blood 
vessels). They are preferred over core biopsies because they are shallow and therefore 
associated with a lower risk of complications resulting from bleeding and the subsequent risk 
to the graft. However, for the same reason they provide a poorer sampling of sizable arteries 
resulting in poorer assessment of the graft vasculature. The degree of global 
glomerulosclerosis has a consistent correlation with graft outcome but this is directly 
dependent on sample size with a minimum of at least 25 glomeruli required in the donor 
biopsy to produce a useful result. 

The transurethral approach was described by Leal, whereby an 18-Gauge needle is 
inserted within an 8 French catheter which is sleeved within a 10 French catheter up the 
ureteric lumen. This technique, however attractive in being only as invasive to the patient as a 
cystoscopy, was not validated by other investigators (21). 

 
 

LABORATORY PROTOCOLS  
 

Specimen Handling 
 
To provide an accurate and comprehensive diagnosis the renal biopsy must be examined 

using a combination of multiple modalities including light microscopy (LM), 
immunohistochemistry (IHC – immunofluorescence(IMF)) or immunoperoxidase IMP) and 
transmission electron microscopy (EM). 

The biopsy should ideally be examined fresh using a dissecting microscope and divided 
into three different sets of samples destined towards three different fixatives/transport media 
(light microscopy fixative, IMF transport medium and EM fixative), each subject to a 
different protocol, to allow for examination by light microscopy, immunofluorescence and 
electron microscopy. This is best done close to the operating table/bedside, where it is 
removed gently from the biopsy gun. If this is not possible, the biopsy should be rapidly 
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transported to the lab in a container of normal saline or a saline-soaked gauze or filter paper. 
A pathologist or suitably trained staff should be informed beforehand of its arrival so that 
they can immediately examine and divide it optimally. The fresh biopsy cannot be frozen 
before selection of material for light microscopy because freezing distorts architectural detail. 
Similarly it cannot be fixed in formalin before biopsy examination as this will compromise 
immunofluorescence results by masking the surface tissue antigens [22].  

Accurate selection of tissue is essential for a logical interpretation with light microscopy, 
immunohistochemistry and transmission electron microscopy (EM). In most centres, a person 
trained in recognising key structures (glomeruli, medulla, fat, muscle, capsule) examines the 
fresh/unfixed biopsy with the dissecting microscope and selects tissue containing glomeruli in 
order to prioritise submission of tissue for light microscopy and IMF (Figure 5). The cortex is 
recognised by the presence of glomeruli which appear as red dots whilst the medulla is pale 
and has a striped appearance. The presence of a fibrous capsule also helps in orientation. If 
glomerular tissue is very limited, priority is given to light microscopy, since IMP can be 
performed on the formalin fixed tissue and IMF also can still be performed after antigen 
retrieval (see below). The rest of the tissue, if any, goes for EM. If no tissue remains, retrieval 
of formalin fixed paraffin embedded tissue after completion of light microscopic studies, for 
its use in EM, is possible without significant impairment of diagnostic interpretation in most 
cases [12]. 

A widely used protocol is available for centres in which a trained operator 
(pathologist/advanced medical lab scientist) is not available but there is still access to IMF. In 
this method, the biopsies are transversely sectioned into four parts. The tips of the biopsies 
(1mm3) go into EM fixative [22]. 60% of the remaining tissue from the larger biopsy goes 
into LM fixative and the remaining tissue goes into IMF transport medium. With the smaller 
biopsy, 40% of the tissue goes for light microscopy and the majority goes for IMF. This 
scheme maximises the chance of having glomeruli available for LM, IMF and EM [12,22]. 
(Figure 6).  

 

 

Figure 5. Typical appearance of a renal biopsy under the dissecting microscope. Glomeruli appear as 
red blotches and the renal medulla appears as pale streaks. The capsule (right edge of the biopsy) is 
white.  
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Figure 6. Scheme described above for renal biopsy sectioning in the absence of dissection microscopy 
sampling. Rapid tissue sampling and entry into fixative is required for optimal light microscopy and 
EM interpretation.  

In centres where immunoperoxidase immunohistochemistry is performed rather than 
IMF, the procedure is simplified because only two different fixatives are used, as 
immunoperoxidase samples are placed in the same fixative as light microscopy samples. 
Longitudinal sectioning of renal biopsies is not permitted with the current biopsy sizes (16-
18G). In certain cases where there is very limited availability of tissue, the clinical indication 
for the biopsy dictates the samples to be taken. For example if the clinical suspicion is of a 
basement membrane abnormality then a good sample must be retained for electron 
microscopy but in most other cases where there is paucity of tissue electron microscopy can 
be performed on residual formalin fixed paraffin embedded tissue retrieved after completion 
of light microscopic examination. In some cases the frozen tissue for IMF can still be 
subsequently processed for light microscopy, although with some tissue artefacts [22].  

 
 

Specimen Fixation and Processing 
 
The favoured and most tested light microscopy fixative is 10% buffered formalin. It is 

stable at room temperature, with no need to freeze or refrigerate and does not degrade during 
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shipping [1]. All routine histological and immunohistological methods work well after 
formalin fixation. Centres which perform in situ hybridisation (ISH) prefer 4% 
paraformaldehyde as fixative because it offers better molecular stability for ISH and IHC, 
while still maintaining adequate morphological detail (Terenghi et al, reviewed in 22) 

The sample taken for IMF should be frozen as soon as it is chosen. This protects the 
surface antigens from degradation. If a rapid cryo-service is not available, the sample can be 
placed in Michel’s transport medium (Modified Michel’s tissue fixative, Wampole labs, NJ, 
US). The original medium was based on a solution of ammonium sulphate, N-ethyl 
maleimide and magnesium sulphate in a citrate buffer. This is not a fixative and antigens are 
protected for one week. The medium must be washed away from the tissue before freezing 
[23].  

The fixative used for electron microscopy is ice-cold 1-3% glutaraldehyde. This will be 
discussed further in the following section. 

After fixation in formalin, the samples taken for light microscopy are wrapped in lens 
paper dabbed in fixative and processed on the automated processor using the normal 
automated ‘small biopsy cycle’, which takes a minimum processing time of 4 hours. Some 
centres hasten the process by using microwave processors. These adapted microwave ovens 
can take 24 casettes at one time, and can be programmed to take 15 min or 1 hour, depending 
on the type of tissue. This method has other advantages apart from timing, such as making 
away with xylene and also most of the formalin in the processing. It has been shown that the 
quality of the tissue sections produced, even for small biopsy specimens is not substantially 
different than for cases processed with the conventional method [24].  

The specimen is then embedded in paraffin and cut at 2-3µm thickness. Multiple sections 
are stained with different stains (including multiple extra levels with HandE if there is 
sufficient tissue), with the usual panel of histochemical stains normally including 
haematoxylin and eosin (HandE), Periodic-Acid-Schiff (PAS - stains basement membrane 
material magenta), Jones Methenamine silver (JMS - stains reticulin i.e collagen type III 
black), Masson’s trichrome and elastic Van Gieson (EVG) stains. Some centres also do a 
routine Congo red for amyloid on thick sections (>6 microns). 

When indicated several other stains can be used, like Gram’s stain for bacteria, Perls’ 
Prussian blue for iron deposits and von Kossa’s stain for insoluble calcium phosphate and 
calcium carbonate deposits.  

Using the above methods, sections should be available to the pathologist within a few 
hours of receipt of the specimen, providing a rapid result in renal emergencies such as 
suspected acute allograft rejection, acute kidney injury, vasculitis, nephrotic syndrome and 
puncture of organs other than the kidney. 

For centres using immunoperoxidase, the same tissue block can be used as for light 
microscopy. The thickness of the sections required is also the same, however, there is slight 
variability in the methods used for antigen retrieval, depending on the test required. The most 
notable downside with this technique is the amount of background staining, which can 
confound the beginner, also because of the fact that the amount of reaction product at times is 
small and very focal.  
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Immunohistochemistry 
 
Immunohistochemistry is a technique of identifying the presence and distribution of 

target molecules (immunoglobulins, complement components, light chains etc) in tissue 
sections by the use of specific antibodies. The term derives from “immuno” because it uses 
the binding of specific antibodies to antigens and “histo” as applied to the use of this 
technique in tissues. 

Immunofluorescence is the technique of identifying target molecules in tissues by the use 
of specific antibodies, which are linked either directly (direct IF) or indirectly (indirect IF- 
through the use of secondary antibodies) to fluorescent dyes (fluorophores), which are then 
detected by the fluorescence they emit using a fluorescent microscope. The main 
disadvantage of this technique is its transience due to reduction of the emitted fluorescence 
over time (photobleaching) and the need for special equipment (fluorescent microscope).  

Immunoperoxidase also identifies target molecules by the use of specific antibodies 
(either one antibody or a series of antibodies) but unlike in immunofluorescence, this antigen-
antibody reaction is visualised differently- by conjugating this antibody (or the last antibody 
in the series where more than one is used) to an enzyme such as peroxidase that can catalyse a 
colour producing reaction. Optimal staining depends on tissue fixation, antibody dilution, 
incubation period, successful antigen retrieval and other such technical factors. Staining may 
therefore vary depending on the tissue fixation/staining protocol and the reagents and 
antibodies used. These factors may vary between different laboratories and each laboratory 
may titrate the procedure till it obtains a standard result.  

 
 

Immunofluorescence 
 
The sample chosen for IMF is snap-frozen and cut at 2-4µm in thickness. The sections 

are placed on pre-labelled air-dried glass slides [12]. If glomerular tissue is not available, IMF 
can still be performed on formalin-fixed tissue, after antigen retrieval with proteases. 
Commonly used proteases are pepsin, trypsin and pronase (Streptomyces griseus). Using 
antigen retrieval with pronase has equal diagnostic rates as frozen tissue for most of the 
glomerulopathies, and is superior to frozen tissue for the diagnosis of light-chain Fanconi 
syndrome [25]. Similar protease technology is applied for antigen retrieval in 
immunohistochemistry with immunoperoxidase, although to a lesser degree. 

The normal antibody panel includes IgG, IgM, IgA, C3, C1q, C4, fibrin, kappa and 
lambda light chains. Other additional stains may be required in certain situations e.g. C4d in 
renal transplant biopsies and collagen type IV in hereditary nephritis [12], amyloid 
specification, virus identification and lymphocyte phenotyping in cases of PTLD)[22]. The 
antibodies used can be directly conjugated to fluorophores such as fluorescein isothiocyanate. 
The slides are then examined in a dark room with a special microscope fitted with a powerful 
epifluorescent attachment. The interpretation requires a certain level of practice to avoid over 
interpreting background staining and learning to recognise internal positive controls. 
Common examples of normal internal controls are IgA staining of tubular casts, IgG in 
protein droplets in the tubular epithelium and C3 in blood vessels.  

The choice between performing immunoperoxidase or immunofluorescence is really a 
matter of pathologist and laboratory preference. Immunoperoxidase staining is permanent 
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unlike immunofluorescence which fades and therefore the result has to be recorded by 
photography. IMP can be performed retrospectively on renal biopsies stored in paraffin wax 
for many years whilst IMF requires freshly frozen tissue. Immunoperoxidase sections can be 
examined with an ordinary optical microscope and have a very similar morphological map to 
the light microscopy slides, since both are cut from the same block of tissue, facilitating easy 
localisation of deposits.  

Immunofluorescence sections on the other hand differ from light microscopic sections as 
they are cut from separately frozen tissue and morphological detail is poorly delineated 
because of the dark background. In IMP, which almost always uses the peroxidase reaction as 
basis for its chromogen, diffusion artefacts can create diagnostic difficulty and antigen 
retrieval can prove difficult and sometimes costly, since many times the procedure is repeated 
following a suspected false negative. IMF may also be costly, since directly labelled 
antibodies have to be used at higher concentration than antibodies detected by indirect 
techniques.  

Both techniques however lead to the correct diagnosis given the right amount of 
experience in interpreting and reporting such cases. Personal preference of the pathologist and 
laboratory resources available often dictate the final choice.  

 
 

THE USE OF ELECTRON MICROSCOPY 
 
The best fixatives for tissue samples allotted for electron microscopy are glutaraldehyde 

and formalin. Glutaraldehyde (1-3%) needs to be ice-cold, but the tissue has to be removed in 
time not to become brittle. Also, glutaraldehyde has a short half-life and does not penetrate 
tissues quickly [12]. Formalin is a good fixative but causes shrinkage artefact, which needs to 
be accounted for during calibration of parameters such as basement membrane thickness in 
conditions like Thin Basement Membrane disease. 

After processing, the tissue is embedded in plastic or resin and cut at 1µm sections. These 
‘thick’/semi-thin sections are analysed after staining with toluidine blue, to select the most 
appropriate glomerulus/glomeruli or other area of interest. Then ultra thin sections (<0.5 
microns) are cut with the ultramicrotome. These sections are collected in a copper grid and 
stained with lead citrate and uranyl acetate. A series of low, medium and high magnification 
photographs are taken from representative areas to include glomerular capillary loops (usually 
a minimum of two glomeruli at least is examined) and mesangium. The tubules, blood vessels 
and interstitium are also examined and imaged if any abnormality is detected. A turn-around 
lab time of approximately 3 working days is considered the norm. 

The EM report should include a description of the glomerular basement membrane, its 
thickness, structure, presence or absence of electron dense deposits, a description of the 
mesangium, the podocyte foot processes and the endothelium. Electron dense deposits should 
be assesses for location, size, density/granularity, evidence of organisation or fibril formation, 
size and structure of the fibrils. The tubules, interstitium and blood vessels should also be 
assessed for any abnormalities. 

EM has been shown not only to be useful in routine cases but also to increase the 
diagnostic yield (i.e make an additional contribution) in at least 1/5th of cases [26,27]. The 
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protocols were devised to take into account the fact that some focal lesions can only be found 
in a single glomerulus, which might well be in the EM thick section.  

Diseases most frequently requiring EM for diagnosis include minimal change 
nephropathy, thin basement membrane nephropathy and early diabetic nephropathy (for 
calculating BM thickness), Alport’s syndrome, Fabry’s disease, FSGS, distinguishing 
membranous lupus nephritis from other classes of Lupus nephritis and from idiopathic 
membranous nephropathy, membranoproliferative glomerulonephritis, postinfectious 
glomerulonephritis and HIV-associated nephropathy and collapsing glomerulopathy [26,28]. 
It is wise to keep a sample for EM in all cases of renal biopsies from children.  

Diseases where a diagnosis is possible by light microscopic examination alone and EM 
may therefore be considered to be not mandatory/optional are IgA nephropathy, pauci-
immune crescentic glomerulonephritis, acute interstitial nephritis and amyloid nephropathy 
[26]. 

Electron microscopy is also essential for typing and accurately defining monoclonal 
gammopathies affecting the kidney. Glomerular diseases diagnosed with EM include 
monoclonal immunoglobulin deposition disease (MIDD), immunotactoid glomerulopathy and 
cryoglobulinemia. Tubular diseases in which EM is important for diagnosis include Fanconi 
syndrome nephropathy and cast nephropathy [29]. EM plays an important role in transplant 
pathology by assisting in the detection of changes of chronic transplant glomerulopathy such 
as multi-lamination of glomerular and peri-tubular capillary basement membranes.  

EM should ideally have the support of immunoelectron microscopy, PCR analysis and 
urinary proteomics [29]. 

 
 

NORMAL HISTOLOGY ON RENAL BIOPSY 
 
The normal adult renal cortex is between 10-20mm in thickness and contains glomeruli, 

tubules, interstitium and blood vessels. The renal medulla contains the loops of Henle, 
intercalated ducts and collecting ducts which drain into the urothelium lined renal calyces 
(Figure 7). The medulla may be divided into "zones" or "stripes", visible grossly, which 
reflect the structural differentiation of the tubules that form the loops of Henle. 

The medulla has a remarkable interstitial environment - hypertonic and is poorly 
oxygenated. 

A renal lobule is defined as a portion of the kidney containing those nephrons that are 
served by a common collecting duct. Each renal lobe consists of a medullary pyramid (a 
roughly pyramidal region that projects into the pelvis) and its associated cortex. Lobes are 
visible to gross inspection of a sectioned kidney. Regions of cortex which separate medullary 
pyramids from one another are called "Columns of Bertini". 

Light microscopic examination is performed by a systematic evaluation of the three 
major anatomical constituents of the renal biopsy namely the glomeruli, the extra-glomerular 
vessels and the tubulointerstitial compartment for morphological manifestations of disease 
pathology. When evaluating a renal specimen by light microscopy on an HandE stained 
section, (Figure 8) the following glomerular features should be evaluated: the overall 
cellularity of the glomerulus, the symmetry of the glomerulus (which is broken at the 
glomerular hilum if there is a section through it) and the thickness of the capillary walls. 
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Normally, all the glomerular capillaries should be about the same thickness, and the capillary 
walls are very thin. A single endothelial cell is seen usually at the mesangial pole of each 
capillary loop. Normal mesangial cellularity should not exceed three mesangial cells per 
mesangial area in sections between 2-3microns thick and this is best assessed away from the 
hilum, in sections stained with PAS. A misleading impression of mesangial hypercellularity 
may be obtained if sections are too thick and this should be avoided. With normal cellularity, 
cell nuclei are not clustered or overlapping. Clusters of cells, especially away from the hilum, 
indicate abnormal hypercellularity. Increased cells within the lumina of capillaries usually 
indicate leukocyte infiltration [31]. 

 

 

Figure 7. Normal renal cortex, showing part of the capsule. This is the normal thickness represented on 
a renal biopsy. 

 

 

Figure 8. Normal representative glomerulus and surrounding tubules (HandE). The glomerular hilum is 
visible in the plane of section (arrow). Note the tubular epithelium luminal brush borders. The 
juxtaglomerular complexes are difficult to find, but appear as discrete cords or nests near the hilum. 
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Figure 9. The structure of the glomerular complex. 

In the cortex (but not the medulla), the tubules should be almost back to back, i.e. the 
tubular basement membranes should be almost touching. There is very little interstitium in the 
cortex, therefore, if there is space between the tubules, there is something wrong in the 
tubule-interstitial compartment (e.g. oedema or fibrosis). Intrarenal arterioles have very little 
intima, i.e. there is little or no space between the endothelium and the muscularis. Pathologic 
processes that expand the arterial intima include collagen in arteriosclerosis and 
proteinaceous insudate in an acute thrombotic microangiopathy. 

The glomerular basement membrane is in contact with three kinds of cells: the 
endothelial cell, the visceral epithelial cell and the mesangial cells. Visceral epithelial cells 
line the outer aspect of the capillary walls/glomerular capillary basement membrane. Parietal 
epithelial cells line the Bowman's capsule, and are continuous with the proximal tubular 
epithelial cells. Endothelial cells line capillary lumina and the inner aspect of the capillary 
walls/glomerular capillary basement membrane. The peripheral endothelial cell cytoplasm has 
pores/fenestrations, visible on EM, which allow recognition of the luminal side of the 
capillary wall. The visceral epithelial cells, or podocytes, have foot processes that are intact in 
normal glomeruli and often effaced in proteinuric conditions. Slit pore diaphragms connect 
the epithelial cell foot processes (only assessed on EM) (Figures 9,10a-b). 

Mesangial cells are located in the middle (meso) between the capillaries (angis). The 
mesangial cells are modified smooth muscle cells that are continuous with the vascular 
smooth muscle cells in the hilar arterioles. As such, they express a myopericytic phenotype 
and display a contractile capability and can tug on the edges of the capillaries and thus control 
blood flow through the glomerulus. Mesangial cells also produce a variety of cytokines when 
stimulated and are capable of phagocytosis. There is a route for trafficking of debris through 
the mesangium that begins in the subendothelial zone and enters the mesangium and then 
passes through physiologic if not actual channels through the matrix to the hilum. The 
glomerular basement membrane does not completely enclose the lumen, unlike the 
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endothelial basement membrane in most vessels, but rather splays out over the mesangium to 
become the paramesangial basement membrane. This leaves a functional gap where material 
from the capillary lumen or subendothelial zone (having passed through the endothelial pores) 
can directly enter the mesangium without traversing the basement membrane. This explains 
why the mesangium is a preferential sequestration point for some types of debris, including 
immune complexes [31]. 

 

 

Figure 10a. The structure of the glomerular basement membrane (schematic). 

 

Figure 10b. The structure of the glomerular basement membrane. Note the podocyte foot processes 
(multiple arrows) and endothelial fenestrations (single arrow). 

The glomerular basement membrane has 3 ultrastructural zones that can be disturbed in 
various glomerular diseases: the lamina densa in the middle, the lamina lucida (rara) externa 
and the lamina lucida (rara) interna. The thickness of the lamina densa is important in making 
the diagnosis, for example, of thin basement membrane nephropathy and diabetic 
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glomerulopathy. Another internal reference point for basement membrane thickness is an 
intact foot process [31]. 

 

 

Figure 11. Electron micrograph of normal glomerular capillary loops. Note how the mesangial cell on 
the right side of the photo is in close contact with a segment of glomerular basement membrane.  

 

THE DIAGNOSTIC THOUGHT PROCESS(ES) 
 
Renal biopsies are the prime examples of pathological specimens that cannot be 

interpreted without clinical information. Each renal biopsy must be approached in the right 
frame of mind and clinical context. Although not infallible, certain nephritis or renal disorders 
almost always present with a specific clinical pattern. The clinical information is of utmost 
importance, because certain findings may gain significance if one is armed with all the 
available information. For example normal appearance of the biopsy by light microscopy has 
entirely diverse interpretation depending on the clinical features such as absence of presence 
of proteinuria or haematuria. In the presence of the Nephrotic syndrome it raises the 
differential diagnosis of Minimal change nephropathy, un-sampled FSGS and very early 
membranous nephropathy necessitating additional studies including immunohistochemistry 
and electron microscopy to resolve the differential diagnosis. Provided extra-renal causes of 
haematuria have been excluded clinically, a normal biopsy appearance in a patient with 
haematuria raises the possibility of basement membrane abnormalities necessitating detailed 
electron microscopic examination. 

It stands to reason therefore, that a renal pathologist should be conversant with medical 
renal terms, biochemistry and management issues in order to liaise well with nephrologists. A 
pathologist’s input in the setting of the multi-disciplinary team meeting is also invaluable. 

Renal biopsies are therefore best examined only after a thorough understanding of all the 
available clinical information relevant to the case including the indication for the biopsy and 
most particularly the specific clinical questions being asked of the biopsy. Ideally the 
information available to the pathologist should include age and sex of the patient, renal 
function, presence and extent of proteinuria and haematuria, rate of deterioration of renal 
function and a blood/serological work up appropriate to the clinical context which usually 
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includes immunological work-up, anti-nuclear antibody (ANA), anti-neutrophil cytoplasmic 
antibody (ANCA), serum and urine electrophoresis and in some cases a complete myeloma 
screen. In the appropriate clinical context further information may be sought by dialogue with 
the clinician/nephrologist.  

The prevalence of renal diseases is different at different ages and between the sexes. The 
biopsy uncovers more than one disease processes more often in adults than in children as 
adults frequently show renal changes related to age and hypertension 

Several elaborate classification systems exist for certain diseases. These are constantly 
changing, and therefore, a good systematic descriptive report is always important, and has to 
be written with clarity, in order that a potential reviewer can build a clear mental image from 
the words written in the report. Levels are routinely performed on biopsies, as mentioned 
above, because full-face sections of glomeruli are needed for optimal interpretation. Turn-
around time is also important. While important information is usually discussed over the 
telephone, a routine report should take 2 working days, while up to 1 week is allowed if 
electron microscopy is requested. 

There are certain situations where urgent communication is needed with the physicians. 
These include active vasculitis, transplant rejection, unsuitable/inadequate specimens or other 
organ tissue present on biopsy (e.g. bowel, spleen or liver).  

Adequacy of a renal biopsy depends entirely on the clinical indication for the biopsy. In 
diffuse glomerular diseases such as membranous nephropathy where the pathological features 
are manifested in all glomeruli, even a single glomerulus is sufficient to make the diagnosis. 
Likewise demonstration of dominant glomerular deposition of IgA in a single glomerulus is 
sufficient for a diagnosis of IgA nephropathy. In some conditions such as amyloidosis, even if 
no glomeruli are included in the biopsy amyloid deposition can be demonstrated in vessel 
walls, tubules and the interstitium. Indeed in some instances, even if no renal parenchyma is 
included but extra renal vessels are present, amyloid deposition can be identified. However, 
where the pathology is focal and segmental, as for example in renal vasculitis, biopsy size can 
be an issue. In FSGS even when the sample size is large and many glomeruli are included in 
the biopsy a focal and segmental lesion may not be detected. The chances of detecting such 
lesions may be improved by sampling juxta-medullary glomeruli as early lesions may be 
confined to this site. Criteria for adequacy of native renal biopsies have therefore not been 
defined. This is in contrast to allograft biopsies where studies suggest that a minimum of two 
cores, with two discrete areas of cortex, must be available for light microscopy. The 
sensitivity for histological detection of transplant rejection with one core is 90% and this rises 
to 99% with two cores [12]. The Banff group suggest adequacy criteria of two cores, both to 
include cortex with 10 glomeruli and two arteries, the minimum being at least seven 
glomeruli and one artery (discussed later)  

A systematic report should in turn analyse the adequacy of the biopsy, the glomeruli, the 
tubules, the interstitial compartment, the vessels and if present, the capsule and the medulla. 
Below are the main salient points to be mentioned in a routine report (Table 1) 

Light microscopic examination is best performed by a systematic evaluation of the three 
major anatomical constituents of the renal biopsy namely the glomeruli, the extra-glomerular 
vessels and the tubulointerstitial compartment for morphological manifestations of disease 
pathology. 
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Table 1. 
 

Light 
microscopy. 

Features to report. 

Glomeruli. Glomerular count; number of globally sclerosed glomeruli; glomerular cellularity 
(mesangial, intracapillary and extracapillary/crescents/Bowman’s space cellularity); 
number of crescents; type and nature of crescents; evidence of active vasculitis 
(fibrinoid necrosis, karyorrhectic debris); state/patency of capillary lumina; sclerosis 
of the capillary tuft and its extent; presence of any glomerular deposits and their type; 
basement membrane thickness (crude). 

Tubules. State of brush border and cytoplasm; tubular contour and size as a measure of 
atrophy, luminal spaces; presence or absence of tubulitis, luminal casts - description 
if any, state of tubular basement membrane. 

Interstitium. Cellularity, composition of cellular infiltrate, deposition of extracellular substance or 
other cellular infiltrates, oedema, fibrosis. 

Vessels. State of afferent and efferent arterioles, state of vessels in cross section commenting 
on any mural and luminal changes, specific references are made depending on the 
clinical picture e.g. in diabetes specifically mention hyalinosis, capsular drops, etc. 

Immunofloresc
ence/Immunop
eroxidase 

Method used; pattern of staining, stain used, intensity of staining (0-4). For 
immunohistochemistry, method of antigen retrieval used and proportion of 
background staining. 

Electron 
microscopy. 

Features on the thick section stained with toluidine blue; GBM characteristics, 
measurements of basement membrane thickness, description of deposits to include 
location, density, fibrillarity, size and frequency. Also note any changes in other 
compartments – tubules, vessels and interstitium. 

 
Glomerular lesions are described as diffuse if they involve more than 50% of the 

glomeruli in the sample and focal if <50% of the glomeruli show the lesions. Segmental 
lesions involve less than half the glomerular capillary tuft whilst global lesions affect more 
than half of the capillary tuft. 

The low power examination of the glomerulus includes an assessment of the cellularity - 
mesangial, intracapillary and extracapillary, the patency of the capillary tuft, presence of any 
sclerosis and exclusion of any glomerular deposits. Up to 3 cells per mesangial area are 
considered to represent normal mesangial cellularity. Mesangial cellularity is best assessed on 
PAS stained sections 2-3 microns thick. A misleading impression of mesangial 
hypercellularity may be obtained in thicker sections. 

Endocapillary hypercellularity manifests as occlusion of capillary lumina by cells 
including polymorphs and mononuclear lymphocytes. Extracapillary hypercellularity 
designated as crescents constitutes a mixture of cells two or more layers thick, filling the 
Bowman’s space, overlying the capillary tuft including a mixture of visceral and parietal 
epithelial cells and macrophages.  

Glomerular deposits include immune complexes deposited in the mesangium and /or the 
basement membrane, immunoglobulins or their constituent components including light and 
heavy chains, amyloid, hyaline and more rarely metabolic intermediates in metabolic/storage 
disorders such as glycogen or lipid storage disorders.  

Hilar arterioles are examined for patency, any evidence of thrombosis, fibrinoid change 
and mural hyaline deposition. Interlobular and arcuate arteries are assessed for any 
arteriosclerotic change, vasculitis or thrombosis. 
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The tubulointerstitial compartment is to be assessed for integrity of the tubular 
epithelium, any evidence of acute tubular epithelial injury manifested by loss of epithelial 
brush borders in proximal tubules, vacuolation, flattening or denudation of the tubular 
epithelium. Acute tubular injury may be ischaemic, toxic or related to the presence of luminal 
material including light chain casts, myoglobin or haemoglobin casts. Light chain casts 
appear pink on HandE stained sections, are paler than Tamm-Horsfall protein casts, appear 
hard and often fractured eliciting a cellular reaction usually comprising multinucleate cells 
but also including uninucleate macrophages, tubular epithelial cells and polymorphs. 
Myoglobinuric casts are yellowish brown and may require staining with a specific antibody 
using an immunohistochemical technique for confirmation, when suspected to be the cause of 
acute tubular epithelial injury in the clinical context of suspected rhabdomyolysis (myositis, 
rhabdomyolysis resulting from convulsions, drugs –cocaine, statins) with elevated serum 
creatinine kinase. Tubulointerstitial inflammation is considered active and significant mainly 
when it involves non-atrophic tubules and non-scarred interstitium. The inflammatory 
infiltrate may include lymphocytes, eosinophils, plasma cells and macrophages. Eosinophils 
may be a particularly prominent part of an allergic tubulointerstitial nephritis but this is not a 
specific/diagnostic feature and the diagnosis of an allergic tubulointerstitial nephritis should 
rely more on clinicopathological correlation. Presence of granulomas in the interstitium – 
granulomatous tubulointerstitial nephritis raises a differential diagnosis of infection 
(mycobacterial, fungal) sarcoidosis, drug induced TIN and idiopathic TIN. Granulomas may 
be related to tubular rupture or rupture of the Bowman’s capsule in a crescentic/vasculitic 
glomerulonephritis. Angiocentric granulomas may be seen in granulomatous vasculitic 
conditions like Wegener’s.  

 

 

Figure 12. Acute kidney injury diagnostic pathway. 
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Figure 13. Nephrotic syndrome diagnostic pathway. 

 

 

Figure 14. Nodular glomerulosclerosis diagnostic pathway. 

Irreversibly damaged tubules also called atrophic tubules show a reduction in tubule 
diameter and thickened tubular basement membranes. Recognition of such atrophic tubules is 
assisted by special stains like the PAS stain which stain the basement membrane. Acute 
tubular injury is reversible partly depending on the duration of the causative insult but 
atrophic tubules do not recover function, hence the extent of tubular atrophy is a predictor of 
long term renal function.  

Certain clinical scenarios will give rise to certain set of diagnoses. In the case of 
nephrotic syndrome, a glomerular disorder is most likely. In children this is likely to be 
minimal change nephropathy or a focal segmental sclerosing disorder. Other rare conditions 
are the group of congenital nephrotic syndromes. In adults, the most likely diagnoses are 
membranous nephropathy, FSGS and minimal change nephropathy. Other less common 
causes are lupus nephritis, diabetes and amyloid. 

In the nephritic syndrome the possibilities include a post-infectious glomerulonephritis, 
IgA nephropathy or other vasculitis. In acute kidney injury, one would most likely encounter 

Nodular expansion
of mesangium &

thick capillary walls
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dehydration and ATN, haemolytic uraemic syndrome, tubular toxin damage (drugs, contrast, 
bowel preparation), urinary tract obstruction and sepsis. Finding renal cortical necrosis is 
almost certainly due to ischaemic damage, by thromboembolic or microangiopathic 
phenomena.  

Whilst chronic renal failure can be the late stage of most renal diseases, in children the 
most likely causes are developmental abnormalities of the urinary tract like vesicoureteric 
reflux, cystic diseases and renal dysplasia. Hyperoxalosis and juvenile nephronophthisis are 
other rare conditions. In adults, the commonest causes are diabetes, IgA nephropathy, 
hypertension, segmental sclerosing disorders and lupus nephritis.  

Although this was a skeletal outline of causes of clinical syndromes, in daily practice, this 
serves as a useful way of organising one’s diagnostic thinking when attempting to report a 
renal biopsy. This may be assisted by a few useful diagnostic algorithms (Figure 12-14). 

 
 

TYPICAL FINDINGS OF COMMON NON-NEOPLASTIC DISEASES  
ON KIDNEY BIOPSY 

 

Disorders which Affect Mainly/Exclusively the Glomerulus 
 

Minimal Change Nephropathy 
This nephropathy can occur at any age, but in childhood, recovery is usually complete 

while in adults, recurrent episodes of nephrotic syndrome are more frequent. The cause of this 
nephropathy is rather elusive, but it is postulated that Minimal change nephropathy (MCN) is 
a disorder of T cells, which release a cytokine that injures the glomerular epithelial foot 
processes. This, in turn, leads to a decreased synthesis of polyanions. The polyanions 
constitute the normal charge barrier to the filtration of macromolecules, such as albumin. 
When the polyanions are damaged, leakage of albumin follows. The identity of this 
circulating permeability factor is uncertain, although it is postulated that it may be hemopexin 
[30,31]. 

Some cases are secondary and are associated with 1) drugs e.g. nonsteroidal anti-
inflammatory drugs (NSAIDs), rifampicin, interferon, ampicillin/penicillin, trimethadione, 
mercury-containing cosmetic skin cream, 2) Toxins - Mercury, lithium, bee stings, fire coral 
exposure 3) Infection - Infectious mononucleosis, HIV 4) Tumour - Hodgkin lymphoma 
(most commonly), carcinoma, other lymphoproliferative diseases, 5) Post-hematopoietic stem 
cell transplant [30,31]. 

Renal biopsy is typically performed only in resistant cases i.e. if proteinuria persists after 
2 relapses or courses of steroids, a tissue diagnosis should be made before starting cytotoxic 
or immunosuppressive therapy. This is a difficult diagnosis to make on HandE alone and 
requires the support of electron microscopy. The biopsy must have as many glomeruli as 
possible and the larger the sampling of glomeruli, the greater the confidence that segmental 
sclerosing lesions have not been missed, especially if the sample includes juxta-medullary 
glomeruli. However, minimal adequacy criteria with respect to glomerular sampling on renal 
biopsy for a confident diagnosis of Minimal change disease have not been defined and the 
possibility of un-sampled segmental sclerosing lesions cannot be entirely excluded on small 
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biopsies. This possibility must always be considered in those cases which display an atypical 
clinical course.  

Light microscopy should show no pathological features, other than age-related changes, 
including globally sclerosed glomeruli commensurate with the age of the patient (Figure 15). 
Difficulties can arise when involuted glomeruli are seen in children with recurrent MCN, or 
arterionephrosclerosis is seen in adults in whom hypertension has set in. 
Immunohistochemistry/IMF should be negative, although low-level IgM mesangial staining 
may occur (not accompanied by mesangial dense deposits on EM) [30, 31,32]. 

Electron microscopy shows swelling of the epithelial foot processes on the outside of the 
glomerular basement membrane (GBM). This results in a sheet-like appearance instead of the 
usual distinct foot processes and slit diaphragms (Figure 16). Most important is the absence of 
immune complex deposition [30]. 

The more glomeruli that are examined, the more confident the pathologist will be in 
issuing this diagnosis. Early membranous nephropathy and amyloid can also give an almost 
normal picture on light microscopy. 

 

 

Figure 15. Glomeruli stained with Jones Silver stain, showing normal histology. The patient had 
proteinuria and minimal change nephropathy. 

 

Figure 16. Glomerular capillary loop, showing erythrocytes within the capillary lumen. Note the 
effacement of the visceral epithelial cell foot processes, which are fused in broad bands in areas 
(arrowed). 
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Membranous Nephropathy 
Membranous nephropathy is the leading cause of nephrotic syndrome in adults, but can 

also occur in children. It is a ‘global’ lesion, i.e. it affects all the glomeruli, hence finding one 
afflicted glomerulus is enough to clinch the diagnosis.  

Most cases of membranous nephropathy are idiopathic and are thought to be due to 
deposition of immune complexes, with IgG4 as the main antibody, on the 
epithelial/subepithelial surface of the glomerular basement membrane (30,31). Known risk 
factors for membranous nephropathy are exposure to gold, penicillamine, mercury, 
association with Hepatitis B and C infection and lung carcinoma amongst others.  

On light microscopy, the capillary loops of the glomerular tuft appear rigidly open, with 
uniformly thickened capillary walls and well-defined ‘luminal’ spaces (Figure 17). The silver 
stain highlights reticulin collagen which is argyrophilic whilst the subepithelial immune 
complexes are argyrophobic and do not take up the stain. The resulting positive staining of 
the residual basement membrane in between the ‘negative’ subepithelial immune complexes 
creates the characteristic pattern of ‘spikes’ (Figure 18) which later on in the disease, progress 
to form ‘chain links’ as the tips of the spikes fuse together due to deposition of new basement 
membrane material on the outer aspect of the immune complexes. The mesangial cellularity 
in Membranous nephropathy should be close to normal. Segmental lesions that can occur in 
membranous nephropathy are glomerular tip lesions and also segmental sclerosing lesions 
(see below). In these cases, exclusion of lupus nephritis by a combination of IHC (’[full] 
house’ positivity for immunoglobulins and complement components with strong/dominant 
C1Q staining) and clinical/serological corroboration should be used. The degree of chronic 
tubular damage is very useful in the assessment of prognosis for each individual case [30,31]. 

IMF/IMP show a compact granular deposition of IgG and complement (C3) along the 
basement membrane of every loop within the glomerular tuft. The arrangement is so compact 
that sometimes the pattern can appear to be linear (Figure 19).  

 

 

Figure 17. Light microscopic appearance of membranous nephropathy with HandE stain showing rigid 
capillary loops and a thickened glomerular basement membrane. Mesangial cellularity is not increased.  
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Figure 18. Membranous nephropathy, silver stain showing basement membrane ‘spikes’ representing 
positively stained basement membrane (argyrophilic) in-between negative immune deposits 
(argyrophobic). 

 

Figure 19. Granular IgG deposition along the glomerular basement membrane in membranous 
nephropathy on immunofluorescence microscopy. 

The main differential diagnoses of Membranous nephropathy are Lupus nephritis and 
Dense Deposit disease. Deposition of immunoglobulins other than IgG on basement 
membranes, and mesangial deposition of immunoglobulins other than IgM in the mesangium 
points towards Lupus nephritis. Class V lupus nephritis (see below) is in fact categorised as 
Membranous-type based on the morphological similarity. Segmental vasculitic-type lesions 
(described in brief below) also favour lupus nephritis, whereas minor areas of segmental 
sclerosis are allowed in membranous nephropathy [30,31]. 

Dense deposit disease, or Mesangiocapillary glomerulonephritis type II, can present 
clinically and histologically like membranous nephropathy, however with some subtle 
differences. On light microscopy, there is a general impression of thickened basement 
membranes, however, unlike membranous nephropathy, the thickening is not so uniform and 
there are no ‘spikes’ on silver staining. A proportion of cases of dense deposit disease will 
have increased mesangial cellularity, which is rare in membranous nephropathy. Cellular 
crescents within the Bowman’s space can also occur (Figure 21). 
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Figure 20. Membranous nephropathy: Subepithelial electron-dense immune deposits (broken arrows), 
with residual basement membrane in between the electron-dense deposits visible as ‘spikes’ (solid 
arrows) on conventional light microscopy. There is effacement of the overlying podocyte foot 
processes. 

 

Figure 21. Glomerulus in Dense deposit disease. Rigid capillary loops can resemble membranous 
nephropathy, but in this case there is increased mesangial and endocapillary cellularity and a cellular 
crescent. 

 

Figure 22. Immunoperoxidase staining in Dense deposit disease: linear complement deposition (C3) 
with a hint of mesangial staining. 
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Figure 23. Electron microscopy in Dense deposit disease: linear ribbon-like deposition of complement 
(electron-dense material) in the glomerular basement membrane. 

Dense deposit disease is due to persistent activation/dysregulation of the alternate 
pathway of the complement cascade resulting in deposition of complement components 
within the GBM and the mesangium, and this shows up in both IMF/IMP and EM (Figures 
22-23). Similar deposits can be found in the tubular basement membranes [30,31]. 

The clinical presentation can also help differentiate the two, as dense deposit disease 
presents with haematuria, serum hypocomplementemia and can be associated with partial 
lipodystrophy. Most cases progress to renal failure.  

 
Focal Segmental Glomerulosclerosis 

A few definitions are justified before describing this group of nephropathies. Finding a 
segmental sclerosing lesion does not automatically equate with focal segmental 
glomerulosclerosis (FSGS). There is a gradation in the severity and position of the segmental 
lesions that include some ‘benign’ forms.  

 

 

Figure 24. Glomerular tip lesion: tuft swelling with an adhesion between the capillaries and the capsule 
at the opening of the proximal tubule (lower part of the picture). 
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Figure 25. Classic FSGS, with segmental lesions in most, but not all, glomeruli in the core. 

The Columbia Classification of FSGS categorises this entity into five morphological 
variants – the tip lesion, perihilar FSGS, cellular FSGS, collapsing FSGS and FSGS NOS (not 
otherwise specified). Though based primarily on the location of the segmental lesion and the 
associated morphology it does provide some degree of prognostic stratification. The tip 
lesions have the best prognosis and collapsing lesions have the worst prognosis. In practice 
however, more than one type of lesion may be seen in a biopsy but the presence of even a 
single collapsing lesion should place the biopsy in this category as it suggests a poor 
prognosis.  

Focal glomerular lesions where the only abnormality in the specimen is a delicate 
adhesion between the glomerular tuft and the capsule, at the opening of the proximal 
convoluted tubule, are known as ‘Glomerular tip lesions’. These tip lesions as originally 
described are benign and may occur in other nephropathies such as membranous, although 
first described in minimal change nephropathy. These lesions are brought about by 
glomerular swelling, causing the tuft to prolapse into the proximal convoluted tubule (Figure 
24). Isolated tip lesions follow a benign clinical course, so many think that the isolated cases 
are in fact minimal change nephropathy complicated by a tip lesion [30,31]. 

 

 

Figure 26. Early FSGS. The segmental lesion is focal with hyalinosis and there is a capsular adhesion 
but the rest of the tuft appears normal. 
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Figure 27. More extensive FSGS, with segmental lesions in a perihilar distribution. 

Membranous nephropathy associated with tip lesions may have a similar prognosis as 
that for membranous nephropathy alone. Sometimes however, when the tip lesion is well 
defined and shows features such as solidification of the tip of the glomerular capillary tuft, 
presence of intracapillary foam cells and adhesion between the tip of the glomerular capillary 
tuft, parietal epithelial cells lining the Bowman’s capsule and the epithelial cells lining the 
proximal tubule at the tubular pole – it justifies the designation of tip variant of FSGS. Such a 
glomerular tip lesion may be large (>1/3 of the glomerulus), and may be associated with some 
increase in mesangial cellularity and a minor degree of tubular damage. An adequate number 
of glomeruli (at multiple levels) should be examined to issue such a diagnosis.  

If segmental lesions are seen at various sites within the glomerular capsule, then the 
diagnosis is FSGS NOS. Early segmental changes are seen at the cortico-medullary junction 
so they can be missed in some biopsies which do not include this area. [30,31]. 

FSGS can recur in a renal allograft, and is thought to be due to a circulating factor 
derived from lymphocytes, damaging the visceral epithelial cells.  

Focal and segmental lesions also develop secondary to ‘overload changes’ where there is 
disproportionate filtration/hyperfiltration in a small number of functioning nephrons. This 
occurs in conditions of reduced renal mass due to renal impairment resulting from other 
diseases, obesity, congenitally small nephron complement or a unilateral nephrectomy. The 
remainder of the glomeruli enlarge and compensate, damaging the visceral epithelial cells, 
eventually leading to a sclerosing lesion. In this condition the tubules may also appear large. 
Evidence of previous lesions, hypertensive nephrosclerosis or clinical features of increased 
body mass index and the truly focal and segmental nature of the disease will help in 
establishing the diagnosis [30,31]. 

Mutations in podocin and alpha-actinin 4 proteins, and heroin abuse have also been 
linked to FSGS. In light of new advances due to study of the molecular pathology of podocyte 
injury and the consequent improved understanding of the pathogenesis of podocyte injury 
resulting from mutations in genes coding for specific glycoproteins and glycosaminoglycans 
which form structural components of the basement membrane/slit diaphragm complex, a new 
classification of podocytopathies has been proposed [33]. Podocyte injury results in four main 
outcomes: Firstly there is re-organisation of the foot process architecture, resulting in their 
effacement but the podocyte number remains unchanged. Secondly, injury can trigger 
apoptotic mechanisms and result in a decrease in podocyte number, manifested as FSGS. 
Thirdly, podocyte injury brings about ‘developmental arrest’, such that podocytes do mature 
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completely thus retaining their proliferative phenotype, giving rise to the pattern of diffuse 
mesangial sclerosis on light microscopy. Finally, podocyte injury can bring about 
dedifferentiation of mature podocytes, whereby the podocyte reacquire their capacity to 
proliferate, giving rise to the morphological picture of collapsing glomerulopathy [33]. 

 
Diabetic Renal Disease 

Diabetes can show morphological changes in the glomeruli, blood vessels, tubules and 
interstitium. Renal biopsies from diabetic patients may show other types of 
glomerulonephritis too. These include, in decreasing order of frequency: membranous 
nephropathy, acute post-infectious glomerulonephritis, IgA nephropathy, crescentic 
glomerulonephritis, membranoproliferative glomerulonephritis, lupus nephritis and amyloid 
[34]. 

The importance of biopsying a diabetic patient lies in confirming the diagnosis, excluding 
other pathology and giving information about the prognosis and extent of the chronic damage. 
In fact, in clinical practice, diabetic glomerulopathy may be a chance finding, because other 
less invasive clinical surrogate markers exist to suggest the presence of diabetic nephropathy, 
such as Diabetic retinopathy and such patients are usually not biopsied. Diabetic 
glomerulopathy is a marker for an increase risk of general cardiovascular, especially 
myocardial, ischaemic events [30,31]. 

Hyperglycaemia causes the structural alterations either directly or via humoral and 
growth factor influences. There is increased glomerular extracellular matrix deposition and 
enhanced permeability of the GBM, as has been shown on transgenic mice models [34]. 

In diabetic glomerulopathy, the glomeruli appear large with uniformly thickened 
glomerular basement membranes and expanded mesangial matrix which assumes a nodular 
quality. The epithelial foot processes are broadened and in some cases effaced. [30,31,34] A 
striking feature is an appearance of increased mesangial cellularity resulting from peripheral 
displacement of mesangial cells around the nodular expanded mesangium (Figure 28). The 
nodules become hyalinised with time and are usually associated with hyalinosis of both 
afferent and efferent hilar arterioles. When present, this pattern of nodular glomerulosclerosis 
with hyaline arteriolosclerosis (Kimmelstein-Wilson lesion) is most often indicative of 
diabetic glomerulosclerosis, [30,31,34], however can also be encountered in non-diabetic 
kidneys [35]. The accumulation of advanced glycation end products results in weakening of 
cross linkages leading to disintegration of the mesangium/mesangiolysis with expansion of 
the peripheral glomerular capillary loops forming microaneurysms. Some of these 
microaneurysms eventually develop into large and usually solitary nodules through a 
combination of hyalinosis and fibrosis.  

Diabetic glomerulopathy can feature a linear deposition of IgG and anti-albumin along 
the GBM (and tubular basement membrane), but there is no immune complex deposition in 
the mesangium. An increase in mesangial matrix without typical nodules is also common. 
IgA deposition in the mesangium signifies concurrent IgA nephropathy, which is not at all 
uncommon. [30,31]  

 



Kidney Biopsy in the Diagnosis of Renal Disease 149

 

Figure 28. Nodular glomerulosclerosis (Kimmelstein-Wilson lesion). PAS staining highlights the 
hyaline nature of the lesions. 

 

Figure 29. Arteriolar hyalinosis in diabetic nephropathy, PAS stain. 

The tuft and the Bowman’s capsule can also show eccentric deposition of insudative 
hyaline material, referred to as ‘hyaline cap’ and ‘capsular drops’ respectively. Hyalinosis is 
via a process of plasma insudation, and can also be seen in both the afferent and the efferent 
glomerular arterioles (Figure 29). The blood vessels can also show conventional 
arteriosclerosis. 

Electron microscopy is useful in diabetes because it can objectively detect early increases 
in basement membrane thickness but there is no immune complex deposition. In the tubules, 
there may be cytoplasmic accumulation of glycogen (Armanni-Ebstein lesion). This is rarely 
seen nowadays because of improved control of blood glucose levels. Thickening of the 
tubular basement membrane can also be appreciated on EM. The interstitial compartment can 
show chronic inflammation and fibrosis.  

Diabetes is also associated with cases of renal papillary necrosis and severe urinary tract 
infections.  

The histological differential diagnosis of glomerular nodules includes Light chain 
glomerulopathy, Amyloidosis and Mesangiocapillary glomerulonephritis type I. Light chain 
glomerulopathy is a systemic monoclonal gammopathy affecting the kidney and is usually 
clonal for kappa light chains rather than lambda light chains. Histologically the glomeruli 
show a regular nodularity, which is due to light chain deposition. However, this is usually 
accompanied by complement deposition and is not limited to the mesangium. Deposits are 
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also found in the GBM (usually a single line of deposits in the lamina densa on EM), in the 
tubular basement membranes and also part of luminal casts [30,31] (please refer to Figure 
14). 

 
Lupus Nephritis 

Lupus nephritis can mimic almost any pattern of glomerular injury. The glomeruli bear 
the brunt of the injury most of the time, but tubules and blood vessels are also often affected. 
Lupus nephritis can be an incidental finding, but often the patient is known to have lupus and 
is biopsied because of reactivation of clinical disease, to assess for chronic damage or to 
decide whether to initiate therapy. The appearance of the histology on renal biopsy can 
change in the same patient during the course of the disease. Active lesions may or may not 
respond to therapy, chronic lesions never respond. 

As is well described in the literature, most cases of lupus nephritis are an example of a 
Type II immunological reaction, whereby the antigen (histone or nucleosome complexes from 
apoptotic cells) deposits on the GBM via electrostatic forces, allowing for circulating 
antibodies to fix and form immune complexes in the glomeruli. The primary cause of such a 
phenomenon is still unknown, but must be related to dysregulated apoptosis or inadequate 
removal of apoptotic cell components. Proof to this is the presence of autoantibodies to DNA 
histone complexes as well as to membrane phospholipids [36]. 

However tissue damage can also occur by other routes. Direct complement-mediated 
autotoxicity has been shown to occur in Lupus nephritis, especially cases with 
thrombocytopenia. Type III immunological reactions, where preformed antigen-antibody 
complexes deposit in the kidney, have also been shown to occur in lupus nephritis. 
Complement binding via the classical pathway is usually the final step to initiate cytotoxic 
injury. This injury is directed towards the visceral epithelial cells or the endocapillary cells, 
giving rise to various patterns of damage.  

Autoantibodies with antiphospholipid or cryoglobulin activity can promote thrombotic 
and inflammatory vascular lesions in lupus cases [36]. Some rare cases of lupus nephritis are 
mediated by ANCA antibodies, similar to pauci-immune glomerulonephritis [31,36].  

Active lupus nephritis classically shows endocapillary hypercellularity, leukocytic 
infiltration, karyorrhectic debris, cells in Bowman’s space, subendothelial immune deposits 
and intraluminal immune complex aggregates (hyaline pseudothrombi). The tubules show 
acute tubular damage and the interstitium shows a mixed inflammatory infiltrate. There is 
thrombotic microangiopathy, with fibrinoid necrosis of small arteriolar walls. Chronic 
features in the glomeruli are segmental or global sclerosis, fibrosis between the glomerular 
tuft and the capsule and fibrosis in Bowman’s space.  

The endocapillary pattern of damage can be also caused by non-immunological 
mechanisms such as thrombotic events in the lupus-associated antiphospholipid syndrome, 
and can mimic thrombotic microangiopathy secondary to E.coli (HUS) as well as accelerated 
hypertension [36]. 

Lupus nephritis is classified into six classes according to the WHO and International 
Society of Nephrology classifications [36]. The key points to bear in mind with such 
classifications are that lupus can show more than one pattern in different glomeruli in the 
same biopsy, only glomerular changes qualify for the classification, gradation from classes 2-
5 does not necessarily imply a worse prognosis and that these classification systems are in a 
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constant state of flux. Therefore an adequate descriptive report should accompany the final 
classification of disease.  

Briefly outlined below is the 2003 International Society of Nephrology/Renal Pathology 
Society classification (ISN/RPS) [36,37]: 

Class I: Minimal mesangial lupus nephritis (LN): Normal glomeruli on light microscopy, 
but mesangial deposition of immunoglobulins. 

Class II: Mesangial proliferative lupus nephritis: Expansion of mesangium and increased 
mesangial cellularity with immune complex deposition in the mesangium.  

Class III: Focal lupus nephritis: Less than half of the glomeruli in the submitted tissue 
show active or chronic endocapillary or extracapillary lesions with or without segmental 
lesions of vasculitic type i.e. with disruption of the basement membrane and fibrinoid 
necrosis. Typical lesions are focal subendothelial deposits. Occasional global lesions are 
allowed. Mesangial alterations in all the glomeruli are also allowed. 

 
 IIIA : Active lesions; focal proliferative LN. 
 IIIC: Chronic inactive lesions; focal sclerosing LN. 
 IIIA/C: Active and chronic lesions: focal proliferative and sclerosing LN. 
 

Class IV: Diffuse lupus nephritis: more than half of the glomeruli in the submitted tissue 
show active or chronic, segmental or global, endocapillary or extracapillary lesions with or 
without segmental lesions of vasculitic type i.e. with disruption of the basement membrane 
and fibrinoid necrosis. This pattern tends to show more prominent subendothelial immune 
deposits and mesangial hypercellularity. This category also includes rare cases with diffuse 
wire loop deposits but no glomerular proliferation. 

 
 IV-S (Segmental) – A or C; or A and C. 
 IV-G (if more than 50% of glomeruli have global lesions) – A or C.; or A and C. 

 

 

Figure 30. Top left: Mesangial proliferative lupus nephritis Class II; Top right: Focal proliferative lupus 
Class III; Bottom left: Diffuse proliferative lupus nephritis Class IV; Bottom right: Membranous lupus 
nephritis Class V together with Class IV. 
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Figure 31. Left: IMF of Class II lupus nephritis showing mesangial IgG deposition. Right: IMF of Class 
IV lupus nephritis showing a diffuse and global pattern of staining for IgG, in a subendothelial pattern. 
Some mesangial staining is also present.  

Class V: Membranous lupus nephritis: Identical changes to membranous nephropathy, 
with or without mesangial changes. If combined with other classes in the same biopsy, the 
membranous pattern has to be prevalent in at least half of the surface area of the glomerular 
capillary loops, for Class V to be co-reported. 

 

 

Figure 32. Left: EM of Class II Lupus nephritis showing mesangial immune complex deposits. Right: 
EM of Class IV lupus nephritis showing subendothelial immune complex deposits. 

Class VI: Advanced sclerosing lupus nephritis, where at least 90% of the glomeruli are 
globally sclerosed. Advanced disease will be pauci-immune. 

See Figures 30-32. 
In the proliferative forms of lupus nephritis (Classes III and IV), the endocapillary 

proliferation occludes the capillary lumina, leading to regional reduction in filterable 
glomerular surface area [37], clinical haematuria and proteinuria. The mesangial form of 
lupus nephritis leads to a suboptimal GFR and proteinuria that is not within nephrotic range. 
The Membranous form of lupus nephritis leads to nephrotic range proteinuria and a gradual 
decline in GFR (30). 

Necrosis, karyorrhexis and vasculitic lesions are helpful but not necessary for classifying 
a lesion into Classes III or IV (although Class IV may show a lot of necrosis and 
karyorrhexis). Class IV lupus nephritis may show severe extra-renal manifestations like lupus 
pneumonitis and lupus cerebritis [37]. Class IV lupus nephritis may progress to renal failure 
fairly rapidly, with 70% having end-stage disease within 5 years [37]. Cases which 
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demonstrate focal and diffuse endocapillary proliferation have a 10 year survival of 55% and 
20% respectively [37].  

Important histological clues for a suspected lupus case are: a ‘full house’ pattern of 
positivity with glomerular localisation of all immunoglobulins and complement components 
on IMP/IMF, IgG deposition in the mesangium and finding IgA deposition in a case of 
typical membranous nephropathy. Other histological clues have to be interpreted in the 
context of the clinical information, IHC and EM findings. Typical EM findings in lupus 
nephritis would include tubulo-reticular bodies in the endothelial cells and confirmation of the 
location of the immune complexes [30]. 

 
Renal Amyloid 

Amyloid deposition in kidneys is a common phenomenon and is frequently encountered 
in renal biopsies. Amyloid deposition can occur in the glomeruli, tubules and blood vessels 
Figure 33). The pathologist should, in the report, include the amount of chronic damage 
associated with the amyloid, and attempt to categorise the type of amyloid. These include 
AA-amyloid, non-AA amyloid (negative staining for light chain stains) or AL-amyloid 
(positive staining for light chains). 

In the majority of cases amyloid deposition in the kidney is AL-amyloid and is derived 
from a paraproteinemia with clonal light chains. In most cases lambda light chains 
predominate over kappa light chains. AA-amyloid is derived from serum amyloid protein A, a 
component of the HDL molecule, produced in the liver, which is also an acute phase reactant. 
Deposition of AA-amyloid in organs occurs in chronic suppurative infections, rheumatoid 
arthritis, TB, IV drug abuse, systemic lupus erythematosus and idiopathic inflammatory 
bowel disease (ulcerative colitis and Crohn’s).  

ATTR-amyloid is a rare familial amyloid, like amyloid derived from fibrinogen. Familial 
Mediterranean fever is a rare disease affecting adolescents with AA-amyloid deposition at an 
early age in joints and soft tissues. Beta-2-microglobulin is a type of amyloid associated with 
haemodialysis patients, however this is not usually investigated for in a renal biopsy [30,31].  

 

 

Figure 33. Glomerular tuft with amyloid deposition in the mesangium and capillary walls. Amyloid 
appears as an eosinophilic hyaline amorphous deposit, which can be found anywhere within the 
glomerular tuft. 
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Figure 34. Renal amyloid stained with Congo Red (left) and visualised under polarised light (right). 
Note the apple green birefringence of amyloid fibrils.  

The major types of amyloid both stain in a similar fashion with Congo Red. Optimal 
results are obtained with thick sections (>6 μm) when staining with Congo red. AA-amyloid 
and AL-amyloid can be differentiated with potassium permangate (AA-amyloid is completely 
soluble and disappears), or by a specific AA-amyloid immunohistochemical stain.  

Amyloid protein takes up Congo Red stain, which appears a pale red colour but which 
shows a characteristic apple green birefringence under polarised light (Figure 34). However, 
due to the molecular structure of the amyloid fibrils, and the way the Congo red intimately 
stains these fibrils, the birefringence can take up hues of yellow and blue if the beam of light 
isn’t perfectly crossed at 45⁰ between the polariser and the analyser lenses [30]. 

The diagnosis of amyloidosis is straightforward when the Congo Red is positive. If the 
Congo Red is negative, one has to exclude diabetes, MIDD and rare diseases such as 
fibrillary-immunotactoid glomerulopathy, which can be confirmed by EM. 

 
Post-Infectious Glomerulonephritis 

Acute post-infectious glomerulonephritis typically presents a few days after a pharyngeal 
or skin infection. The common pathogens associated with this condition are nephritogenic 
strains of Streptoccocus pyogenes, but less commonly Staphylococcus aureus and many 
others bacteria may also cause it. The usual clinical presentation is with the nephritic 
syndrome, but cases presenting with nephrotic range proteinuria also occur. Serum 
hypocomplementemia is usually a feature in these cases. 

Many cases of post-infectious glomerulonephritis are self-limiting. Post infectious 
glomerulonephritis is an example of a Type II antigen-antibody reaction, where the 
circulating antibody attaches itself to pre-existing antigens in the target organ. Another 
example of this phenomenon is rheumatic fever 

The glomeruli show global and diffuse hypercellularity with swollen endothelial cells and 
a heavy neutrophilic infiltrate. The inflammatory infiltrate can be mixed with other 
inflammatory cell types like lymphocytes and histiocytes (Figure 35). Some cases are so 
cellular that spillage of inflammatory cells is seen in the Bowman’s space.  

The basement membranes are normal on silver staining. There is deposition of IgG and 
complement in the form of coarse granular deposits on the outside of the capillary loops (sub-
epithelial deposits forming subepithelial “humps”) (Figures 36-37). Complement deposits 
remain longer than immune complexes and may be the only positive stain in late stages.  
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Figure 35. Post-infectious glomerulonephritis: leucocytic infiltration in the glomerular tuft. 

 

Figure 36. Granular IgG staining in post-infectious glomerulonephritis. 

 

Figure 37. Post-infectious glomerulonephritis: prominent subepithelial ‘humps’. 

The main histological differential diagnosis of post-infective glomerulonephritis is 
mesangiocapillary glomerulonephritis. These two conditions are distinguished using silver 
staining and electron microscopy to confirm the exact location of the deposits (see below).  
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Mesangiocapillary Glomerulonephritis Type I  
(Membranoproliferative Glomerulonephritis) 

Mesangiocapillary glomerulonephritis type I (MCGN Type I) can be idiopathic/primary 
but is usually associated with chronic infections like hepatitis B and C, malaria, 
schistosomiasis, endocarditis, syphilis, and chronic infections like surgical abscesses. 
Haematolymphoid and epithelial malignancies are also rarely associated with MCGN Type I. 

Serum complement levels are reduced and failure to clear immune complexes results in 
their deposition in the glomeruli. These immune complexes are centred on the inner side of 
the glomerular capillary loop, in the subendothelial compartment.  

Light microscopy shows a global and diffuse glomerular hypercellularity which can also 
have some neutrophilic infiltrate (Figure 38). Glomerular capillary walls are thickened and 
there is increased mesangial matrix and cellularity causing accentuation of lobulation of the 
glomerular capillary tuft. There may be cells in the Bowman’s space too, forming ‘crescents’. 
Silver staining shows a characteristic reduplication/’double contouring’ of the glomerular 
basement membrane with interposed mesangium between the two layers.  

 

 

Figure 38. MCGN Type I (Membranoproliferative glomerulonephritis): note the diffuse glomerular 
hypercellularity. 

 

Figure 39. MCGN Type I: IgG immunofluorescence showing granular capillary wall deposition mainly 
centred on the inner aspect of the capillary loops. 
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Complement, IgG and IgM are found deposited in the subendothelial space (inner aspect) 
of the glomerular capillary loop and also sometimes the mesangium (Figure 39). Electron 
microscopy confirms the location of the deposits and the duplication of the basement 
membrane with mesangial interpositioning 

The main histological differential diagnosis includes post-infectious glomerulonephritis 
(see above) and lupus nephritis (Classes 2-4). Lupus can be excluded by serological tests and 
post-infectious glomerulonephritis is distinguished by the clinical features and by electron 
microscopy. 

Dense Deposit Disease (DDD) is now the preferred terminology for MCGN Type II. 
Following recent advances in the understanding of the pathogenesis of this condition it is now 
clear that DDD, which is caused by dysregulation of the alternate pathway of the complement 
cascade, is pathogenetically distinct from MCGN Type I which is an immune complex 
glomerulonephritis mediated through the classical pathway. Although they can have a similar 
clinical presentation and appear morphologically similar on the renal biopsy they can be 
distinguished by the characteristic appearance of dense deposit disease on EM of a thick, 
linear, ribbon like band of electron dense deposition in the glomerular basement membrane 
which gives the disease its name.  

Rare cases of MCGN which show both subepithelial and subendothelial deposits are 
referred to as MCGN Type III.  

 
IgA Nephropathy 

IgA nephropathy usually presents clinically as a synchronous upper respiratory tract 
infection and renal abnormalities, most commonly macroscopic haematuria. Sometimes it is 
detected during investigation of asymptomatic haematuria. Proteinuria however can still 
occur, but is rarely in the nephrotic range. Blood tests will usually uncover a mild-moderate 
level of renal impairment at diagnosis. IgA nephropathy has a genetic basis, and indeed in 
some cases is familial. There is abnormal glycosylation of IgA1 molecules in plasma, which 
are deposited in the glomerular mesangial compartment [30,31]. 

Histologically, there is mesangial expansion and increased mesangial cellularity, best 
visualised with silver and PAS stains, accompanied by varying degrees of tubular damage, 
assessment of which constitutes important prognostic information for each individual case 
(See Figures 40-42).  

 

 

Figure 40. IgA nephropathy: mild increase in mesangial cellularity (see criteria below). 



Noel Gatt and Padmini Prasad 158 

 

Figure 41. IgA nephropathy showing mesangial IgA staining pattern. 

 

Figure 42. IgA nephropathy: electron dense mesangial immune deposits. 

Several classifications exist for grading IgA nephropathy, the most recent being the new 
Oxford classification of IgA Nephropathy (2009)[39]. The main goal of attempting to classify 
this entity is to identify from early on, patients with a high risk of progression to renal failure 
and refine recruitment of patient for future clinical trials.  

The working group behind the Oxford classification came up with easily identifiable 
histological parameters, which are reproducible between pathologists and provide 
independent prognostic information. The recommended features to be reported are [37]: 

 
 Mesangial Score, M (counting the number of mesangial cells per mesangial area, 

with a mean score for all glomeruli. <4 mesangial cells is normal and has a score of 
0. From 4 mesangial cells upwards are scored from 1-3. 

 Segmental glomerulosclerosis, S: any amount of tuft involved in a sclerotic lesion, 
but not involving the whole glomerular tuft or presence of an adhesion (reported as 
absent or present). 

 Endocapillary hypercellularity, E: narrowing of lumina due to endocapillary 
hypercellularity (reported as absent or present). 
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 Tubular atrophy/interstitial fibrosis, T: expressed as a percentage of the cortical area 
involved. Score 0 = 0-25%; score 1= 26-50%; score 2 = >50%. 

 Total number of glomeruli present. 
 Number of glomeruli with endocapillary hypercellularity, extracapillary 

proliferation, global glomerulosclerosis and segmental glomerulosclerosis.  
 Adequacy criteria: a recommended minimum of eight glomeruli in the biopsy. 
 
Dominant IgA deposition in the mesangium is a feature of either IgA nephropathy 

(including its related systemic arm, Henoch-Schonlein nephritis) and Lupus nephritis. IgA 
nephropathy can also have complement, IgM and IgG mesangial deposits, the latter however 
of lesser intensity and hence usually detected only on IMF and not on immunoperoxidase.  

IgA nephropathy can also occur in association with alcoholic liver cirrhosis, HIV, 
Dermatitis herpetiformis, coeliac disease and some inflammatory joint disease. Histologically 
there is no difference in the pattern of IgA nephropathy arising in different clinical scenarios. 
The level of serum IgA does not correlate with the severity of the biopsy findings [30]. 

 
Renal Vasculitis and Vasculitic Glomerulonephritides 

The kidney can be involved in multisystem vasculitic disorders, or it can be the major 
organ to be clinically detectable. Some vasculitic processes however are specific to the 
kidney, like cases of vasculitic glomerulonephritis. 

Renal vasculitis presents with acute kidney injury, haematuria and proteinuria but not the 
nephrotic syndrome. There may also be concurrent clinical features that help suggest the 
underlying disorders, for example haemoptysis, neurological signs, rashes, myalgia, weight 
loss, etc. The main pathological changes in renal vasculitis are found in the glomeruli, 
referred to as vasculitic glomerulonephritis, however, morphological changes are also present 
in the tubules, interstitium and smaller blood vessels. 

True vasculitic glomerulonephritis is also referred to as ‘pauci-immune’ 
glomerulonephritis or Pauci-immune crescentic glomerulonephritis. This diagnosis is reached 
only after excluding other vasculitic processes with immune complex deposition, that 
secondarily involve the glomerular tuft i.e. IgA nephropathy, Henoch-Schonlein nephritis, 
Lupus nephritis, cryoglobunemia and Goodpasture’s disease.  

There is a varied group of systemic vasculitic processes that result in a similar picture of 
pauci-immune crescentic glomerulonephritis. They include Microscopic polyangitis, Churg-
Strauss syndrome, Wegener’s granulomatosis and drug-induced vasculitis e.g. 
propylthiouracil and hydralazine. There are no differentiating histological features between 
this group of conditions. The serological autoantibody concentration in some of these diseases 
does not correlate with the degree of histological damage [30,31]. The description of the 
extra-renal manifestations of these conditions is outside the scope of this chapter. 

The histological appearance of a vasculitic glomerulonephritis shows both temporal and 
spatial variability. The overall pattern of disease can change with time. However, finding 
typical lesions in a single glomerulus is enough for the diagnosis. Endothelial damage 
(probably caused by neutrophils primed by the effect of circulating ANCA-antineutrophil 
cytoplasmic antibodies) causes thrombosis of part of the glomerular capillary loop, with 
disruption of the capillary walls. This is the earliest detectable lesion on light microscopy. 
This is followed by accumulation of fibrin and mixed inflammatory cells in the Bowman’s 
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space, with or without disruption to the Bowman’s capsule (active phase). Two or more layers 
of cells that partially or completely fill the Bowman’s space are called a crescent. This 
cellular phase is followed shortly after by fibrosis and scarring of the affected portion of the 
glomerular capillary tuft and Bowman’s capsule, leaving a segmentally or globally sclerosed 
glomerulus as the end result (healing/healed phase). (See Figure 43)[30,31]. 

The glomerular tuft away from the crescents is normal in pauci-immune 
glomerulonephritis and, by default, there is no immune complex deposition. 

‘Crescentic glomerulonephritis’ is defined as cellular/healing crescents in at least half of 
all available glomeruli. Although representing a strong sign of vasculitic glomerulonephritis, 
crescent formation can be also found in other conditions most notably acute post-infectious 
glomerulonephritis, membranoproliferative glomerulonephritis, lupus nephritis, IgA 
nephropathy and dense deposit disease.  

IgA nephropathy shows mesangial expansion and hypercellularity, (sometimes with 
endocapillary hypercellularity) and IgA immune complex mesangial deposits in the 
glomerular areas away from the crescents/vasculitic changes. Sometimes pauci-immune 
vasculitic glomerulonephritis may present with co-incidental IgA nephropathy. This will 
show more widespread vasculitic glomeruli, whereas IgA nephropathy alone will show fewer 
definite vasculitic glomeruli.  

Lupus nephritis can show a vast combination of patterns, which are described above, in 
combination with crescents. Deposition of all subclasses of immunoglobulins and 
corroborative serology confirms the diagnosis.  

Cryoglobulinemic glomerulonephritis presents typically with glomerular cryoglobulin 
deposits/cryoglobulin thrombi in the capillary loops and/or blood vessels, together with 
vasculitic changes. In some cases there is mesangial expansion, basement membrane 
reduplication and a mesangiocapillary pattern caused by cryoglobulin deposition at these 
sites. A true arteriolitis may be seen in this group of conditions.  

Cryoglobulins are usually large immune complexes of IgM and IgG subtype and are 
classified into Type I/primary cryoglobulins associated with monoclonal gammopathies and 
underlying B-cell or plasma cell dyscrasias. Mixed cryoglobulins constitute Types II and III, 
with type II comprising a monoclonal component usually IgM showing activity against a 
polyclonal IgG. Type III cryoglobulins are polyclonal immunoglobulins of more than one 
isotype and are usually associated with underlying infections such as hepatitis C. The type of 
cryoglobulin is distinguished clinically and serologically, but not histologically. 

Morphologically, the main pattern is that of a diffuse, proliferative glomerulonephritis, 
with prominent subendothelial, mesangial and intraluminal deposits. Infiltrating monocytes 
and neutrophils can also be present. An arteritis is seen in approximately a third of cases (31). 
With immunofluorescence the deposits can stain with up to five different antibodies (IgG, 
IgM, C3, C1q, C4). With EM the subendothelial deposits are found to be composed of tubular 
structures, arranged in curvilinear bundles (Figure 44). 

Monoclonal IgM paraprotein deposition in the kidney is seen in Waldenstrom’s 
macroglobulinemia and may take the form of amyloid, MIDD (monoclonal immunoglobulin 
deposition disease) or cast nephropathy and rarely even a neoplastic lymphoid infiltrate in the 
kidney. 
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Figure 43. Crescentic glomerulonephritis, silver stain showing a fresh crescent with fibrinoid necrosis 
on the left, and cellular proliferation on the right. 

 

Figure 44. Cryoglobulinemic glomerulonephritis: top left – luminal capillary amorphous thrombi; top 
right – thrombi strongly positive with PAS stain; bottom left – subendothelial and mesangial deposits; 
bottom right – tubular organisation of the deposits. 

Goodpasture’s syndrome or Anti-GBM disease, is due to antibodies against the alpha 
three chain of collagen type IV, a major constituent of the glomerular basement membrane. 
This is a serious medical condition and requires urgent plasmapheresis/IVIG (intravenous 
immunoglobulin) to prevent renal failure. Histologically it characteristically shows severe, 
diffuse, global, vasculitic changes with crescents, all roughly at the same stage of disease 
process (Figure 45). Immunohistochemistry shows linear deposition of IgG and complement 
on the GBM. 
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Figure 45. Anti-GBM disease, showing diffuse and global vasculitic lesions, all roughly in the same 
stage of disease process.  

Non-Glomerular Changes in Renal Vasculitis 
Tubules show acute epithelial injury (see below), red cell casts and tubular atrophy.  
The interstitium shows a mixed chronic inflammatory infiltrate with a predominance of 

eosinophils, together with a variable degree of haemorrhage. It is important not to diagnose 
acute interstitial nephritis, by keeping in mind the vasculitic glomerular findings. 

Arteriolitis is a major histological sign of renal vasculitis. Typical changes include 
fibrinoid necrosis of the muscle wall and in some cases a neutrophilic infiltrate inside the 
tunica media and intima, referred to as leucocytoclastic vasculitis.  

 
 

Nephropathies Associated with HIV 
 
Any nephropathy can occur in the setting of HIV, however the most notable example is 

Collapsing glomerulopathy (previously referred to as the collapsing variant of FSGS). 
However, membranous nephropathy, acute postinfectious glomerulonephritis, IgA 
nephropathy, Mesangiocapillary glomerulonephritis type I and immunotactoid 
glomerulopathy occur at a higher rate in HIV infected individuals. A lupus-like nephritis 
without the serological evidence of lupus nephritis has also been described in HIV cases. 

HIV associated nephropathy (HIVAN) is a pan-nephropathy with glomerular, tubular and 
interstitial changes, of which, the glomerular lesions of collapsing glomerulopathy are the 
most characteristic. The tubules show cystic dilatation with degeneration of the tubular 
epithelium and the interstitium shows oedema and infiltration by lymphocytes.  

Collapsing glomerulopathy is almost exclusively associated with HIV, with some notable 
exceptions like the use of pamidronate. The clinical presentation is with acute onset of heavy 
proteinuria and deterioration in renal function can be rapid. The features on light microscopy 
are collapse of the glomerular tuft with prominent, vacuolated, hypertrophic and hyperplastic 
visceral epithelial cells filling the Bowman’s space forming a ‘pseudocrescent’. Electron 
microscopy shows ‘tubuloreticular bodies’ within the endothelial cells. These structures are 
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associated with treatment with interferon-alpha and hence are not specific for HIV associated 
nephropathy or collapsing glomerulopathy [30,31]. 

 
 

Rare Glomerulonephritides 
 

Thin Glomerular Basement Membrane Disease  
The usual indication for renal biopsy in these cases is persistent microscopic haematuria, 

having excluded other causes clinically. IgA nephropathy is the foremost differential 
diagnosis.  

Although Thin Glomerular Basement Membrane (TBM) disease may be familial 
(‘Benign familial haematuria’), it is often sporadic and is said to be found in 5% of the normal 
adult population. TBM disease however has an optimistic outlook, as it does not progress to 
renal failure, unlike IgA nephropathy, which has a similar clinical presentation.  

On light microscopy the only finding is non-specific IgM mesangial staining. Electron 
microscopy is needed for a diagnosis, where regular clean GBM are noted, with no evidence 
of immune deposits, which however show a strikingly abnormal thin profile. The thickness of 
the GBM hovers around 150nm, compared to the usual adult range of 270-340nm. Variation 
with age has to be accounted for if the patient is below ten years of age, after which the GBM 
should have reached normal thickness [30]. The WHO uses a mean GBM thickness of 
<250nm for adults and 180nm for children aged 2-11 years to define TBM disease [31]. 
Tissue used for EM should be optimally fixed in 3% glutaraldehyde and formalin-processed 
tissue should not be used if possible because it can result in shrinkage artefact of up to one 
third compared to routine glutaraldehyde processing [38]. 

In practice TBM disease is a histological diagnosis of exclusion, after considering other 
causes of haematuria.  

 
Alport’s Hereditary Nephropathy 

This group of hereditary nephropathies are genetically heterogenous and have a mixed 
pattern of inheritance, but the classic form described is the sex-linked form, affecting young 
boys with haematuria, and a family history of deafness, ocular lesions (lenticonus and corneal 
dystrophy) and renal failure in male relatives. Nephrotic range proteinuria is common.  

Alport’s hereditary nephritis is due to mutations in alpha chains 3-5 of collagen type IV, 
the major constituent of the GBM and of other basement membranes including the epidermal 
basement membrane. As a consequence the GBM is weakened and inefficient with leakage of 
blood and protein.  

Light microscopic findings are usually normal in young male children, however, in later 
more advanced stages, the glomeruli show thickened capillary walls, increased mesangial 
matrix, glomerular hyaline deposition, segmental and global sclerosis, tubular atrophy and 
clusters of foamy macrophages in the renal cortex. The previously asymptomatic female 
carriers who present with renal impairment in adult life also show similar features in the 
biopsy. Immunohistochemical staining of renal or skin biopsies for the alpha chains of type 
IV collagen is sometimes helpful in making the diagnosis but due to significant variability in 
the mutations and their phenotypic expression, a normal pattern of staining does not exclude 
Alport’s. The typical EM findings include a variability in GBM thickness (thick and thin 
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areas), widespread thickening, a basket weave pattern of splitting of the lamina densa of the 
GBM and an irregular epithelial surface [30,31]. (Figure 46). 

 
Fibrillary-Immunotactoid Glomerulopathy 

This rare group of diseases presents with proteinuria and is a histological differential 
diagnosis of amyloid nephropathy. There is mesangial expansion, with glomerular deposits 
resembling amyloid on light microscopy, but which are negative with Congo Red staining, 
and can show IgG and complement positivity.  

Electron microscopy shows organisation of the deposits into microtubular structures 
arranged in parallel arrays in the mesangium and in the GBM, which range in thickness from 
10-30nm (fibrillary glomerulopathy) and 30-50nm (immunotactoid glomerulopathy). In 
contrast amyloid fibrils appear as randomly distributed, non-branching finer fibrils 8-12nm 
thick. Fibrillary-Immunotactoid glomerulopathy is a diagnosis of exclusion, primarily having 
excluded amyloid, cryoglobulins, lupus and diabetic nephropathy [30,31]. 

 

 

Figure 46. Alport’s hereditary nephropathy: Note the variability in the GBM thickness, scalloped outer 
surface with multi-lamination of the lamina densa. 

Congenital Nephrotic Syndrome  
This rare group of disorders presenting in the first 3 months of life is characterised by 

severe proteinuria, renal failure and a high mortality rate before 1 year of age. The 
commonest type is the endemic Finnish variety, caused by a defect in the protein nephrin, 
found in glomerular epithelial cells. This condition can be diagnosed in utero, and the 
biopsies are seen in specialist centres. The diagnosis here is a consensus between genetic, 
clinical and histological findings. Other causes include diffuse mesangial sclerosis (DMS), in 
isolation or associated with Deny’s Drash syndrome and congenital infections such as 
congenital syphilis, congenital Toxoplasmosis and congenital HIV. Infantile nephrotic 
syndrome has a similar underlying aetiology but presents between 3-12 months of age.  
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Disorders of the Tubules and Interstitium 
 

Acute Interstitial Nephritis 
Subtle changes in the interstitial compartment, like oedema and inflammatory infiltrates, 

can be visible from very early on in a disease process. Acute interstitial nephritis is defined by 
a mixed inflammatory infiltrate in the interstitium, of which eosinophils form a constituent in 
varying proportions. There is a varying degree of tubulitis, and cellular debris within the 
tubular lumina (Figure 47).  

 

 

Figure 47. Tubulointerstitial nephritis: Note a dense interstitial inflammatory infiltrate, composed 
predominantly of plasma cells and eosinophils, with several areas of tubular epithelial injury. 

 

Figure 48. Acute tubular injury: irregular tubular contours, irregular tubular epithelial thickness with 
attenuation and interstitial compartment oedema.  

The composition of the inflammatory infiltrate dictates further classification and 
diagnostic routes. A predominance of neutrophils points towards acute pyelonephritis, 
whereas a predominance of histiocytes (with giant cells) and granuloma formation suggests a 
granulomatous inflammation, raising a differential diagnosis of mycobacterial or fungal 
infections, sarcoid or drug related reaction. However granulomata are not specific histological 
features and may be seen non-specifically in relation to rupture of tubules or destruction of 
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the Bowman’s capsule resulting from any cause. A strong eosinophilic element favours 
allergic tubulointerstitial nephritis but may denote increased severity alone and not 
necessarily an allergic response.  

The cause for the interstitial nephritis often cannot be determined on biopsy, hence, 
clinical correlation is necessary. The most common causes are allergic reactions to drugs, 
infections-bacterial, viral or tropical infections like leishmaniasis, connective tissue disorders 
like Sjogren’s syndrome, immunodeficiency syndromes (not necessarily opportunistic 
infections) and the rare tubulointerstitial nephritis with uveitis (TINU) [30,31]. 

 
Tubular Ischaemia and Tubular Toxin Damage 

The renal tubules, especially the proximal tubules have a very high metabolic rate and 
have a role in renal clearance of toxic metabolites and hence are exposed to higher 
concentrations of such metabolites. Therefore they are the most vulnerable to changes in 
perfusion as well as to toxin-induced cellular injury. In fact, the status of the tubular 
epithelium is the best indicator of renal function. In many scenarios, like drug poisoning, 
crush injury and chemotherapy, ischaemic and toxic injury act simultaneously causing tubular 
cell injury.  

The mildest manifestation of tubular injury is loss of the luminal brush border, which can 
be demonstrated with PAS staining. The typical signs of tubular injury are fine/coarse 
vacuolation of the tubular epithelium, an irregular epithelial thickness, flattened, attenuated 
epithelium, epithelial cell dropout, luminal material, casts or cellular debris (Figure 48). 
Apoptosis of tubular epithelial cells is rarely seen. The interstitial compartment often shows 
associated oedema (Figure 48). Tubular necrosis, the worst manifestation of tubular damage, 
is usually part of cortical necrosis, with necrosis of other nephronic structures. These signs 
occur together with signs from any underlying glomerular, interstitial or vascular disorder 
[30,31]. 

Acute tubular injury is a better histological term than acute tubular necrosis, which is 
only rarely seen. Regenerative change in the tubular epithelium is a sign of severe tubular 
injury. One of the most important comments from the pathologist’s report is an assessment of 
tubular atrophy. After accounting for the age of the patient, the presence of tubular atrophy is 
correlated with a decreased chance of renal function recovery. 

Acute tubular injury is often not the only histological finding in a biopsy for impaired 
renal function and evidence of other pathology must be sought by rigorous examination of the 
glomeruli and blood vessels. Signs of tubular injury can be seen in many cases of acute 
kidney injury. Only tubular toxin damage (e.g. aminoglycosides) and hypotensive ischaemia 
give a picture of pure tubular injury [30,31]. Only if no other definite cause for the renal 
impairment is identified, is the sole diagnosis of acute tubular damage/injury issued.  

Chronic tubular atrophy may be due to drugs or toxins, most commonly lead or lithium. 
Plant-derived toxins are the basis for Chinese herb nephropathy and Balkan nephropathy. 
These entities require clinical correlation and cannot be diagnosed on histological grounds 
alone. 

 
Crystal Deposition Disease 

There are many forms of tubular crystal deposition diseases, reflecting the diverse range 
of metabolic functions of the renal tubular epithelium. Among the commonest are myoglobin 
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casts, haemoglobin casts, oxalate crystals and calcium salts, in generalised calciphylaxis or 
hyperparathyroidism. 

Myoglobin casts appear orange-brown and are related to muscle injury resulting from 
myositis, rhabdomyolysis caused by drugs (statins, cocaine), following epileptic seizures, 
alcohol or cocaine poisoning. Oxalate crystal deposition can occur with poisoning (antifreeze 
– ethylene glycol), hyperoxaluria and enteric hyperoxalosis, seen in chronic inflammatory 
bowel disease or chronic pancreatitis. Oxalate crystals are easily identifiable as birefringent 
crystals with a polarising microscope.  

 
Light Chain Cast/Myeloma Cast Nephropathy 

Paraproteinemias are a fairly common occurrence in the elderly population, and often 
cause impaired renal function with poor recovery. Light chain cast nephropathy/Myeloma 
cast nephropathy results from glomerular filtration of excess immunoglobulin light chains 
associated with the paraproteinemia which accumulate in the tubular lumina as casts causing 
damage to the tubular epithelium. Myeloma casts have quite characteristic histological 
findings. In contrast to other tubular casts like Tamm-Horsfall protein casts, they stain poorly 
with PAS, they show fissuring and cracking and can be surrounded by a cellular reaction 
including neutrophils and giant cells. A mixed interstitial inflammatory infiltrate can also 
occur (Figure 49). Occasional positive Congo red staining of casts is seen but this should not 
be diagnosed as amyloid. If in doubt, Kappa and Lambda light chain immunostains will show 
clonality in favour of one light chain over the other. Clinical information is not always 
provided, so light chain cast/myeloma cast nephropathy should always be suspected in renal 
impairment in old age [30,31]. 

 

 

Figure 49. Light chain cast/Myeloma cast nephropathy: tubular injury associated with fissured pale 
luminal casts provoking a giant cell reaction. 

Other manifestations of systemic paraproteinemias in the kidney are Cryoglobulinemic 
glomerulonephritis, light chain glomerulopathy/MIDD and AL amyloidosis. Rarely 
accumulation of high concentrations of light chains in the tubular epithelium produces a toxic 
tubulopathy or a tubular Fanconi syndrome without detectable luminal light chain casts. 
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Disorders Primarily Affecting the Blood Vessels 
 

Thrombotic Microangiopathy 
A deterioration of renal function of abrupt onset may be vascular in origin. Small vessel 

vasculopathies are the commonest cause of acute renal ischaemia and most of these progress 
to chronic renal failure. 

Unlike the arteriolar hyalinosis seen in chronic hypertension, small vessel vasculopathies 
have a characteristic set of histological changes occurring in the arterioles which can also 
extend into the glomerular tuft. These changes include: lucent subendothelial swelling, loose 
and pale-staining concentric intimal thickening both of which are associated with significant 
luminal narrowing/occlusion, fibrinoid necrosis of the media and intima, haemorrhage into 
the arteriolar wall, luminal thrombi and a lack of inflammatory cells, that distinguishes these 
group of disorders from vasculitis. IgM and complement deposits can be detected in many 
cases within the arteriolar wall. Late small vessel vasculopathy however tends to become 
hyalinised, so other clues must be obtained, in some cases, from the clinical context [30,31]. 

 

 

Figure 50. Left: Glomerular thrombi; Right: Silver stain showing glomerular thrombosis and 
mesangiolysis.  

The glomeruli can also be affected and show occlusion of the capillary tuft by 
thrombosis, endothelial swelling and lucent subendothelial expansion (endotheliosis) (Figure 
50), a decreased mesangial component (mesangiolysis) and pauci-immune material deposited 
in the GBM substance, giving the appearance of a mesangiocapillary glomerulonephritis. 
Segmental lesions may be seen in association with thrombotic microangiopathies and they 
can be both the cause of the hypertensive vasculopathy and the effect of accelerated 
hypertension on the glomerulus. The fibrinoid necrosis in the latter scenario can extend into 
the tuft, and there will be hyperfiltration effects following global sclerosis.  

The most classic examples of diseases showing a thrombotic pattern of small vessel 
microangiopathy are Accelerated hypertension, Lupus, Systemic Sclerosis (scleroderma renal 
crisis), Antiphospholipid syndrome and Haemolytic Uraemic Syndrome (HUS). HUS will be 
described in more detail below. The common underlying aetiology in all these conditions is 
one of endothelial injury resulting from acute elevation of blood pressure (accelerated 
hypertension, scleroderma renal crisis), toxins (HUS – E. coli/diarrhoea associated) or 
immune mediated (anti-phospholipid sydrome, Lupus, atypical HUS – dysregulation of the 
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complement cascade). These disorders/insults cannot be distinguished on the basis of 
histology and clinicopathological correlation is vital to establishing the diagnosis.  

 
Haemolytic Uraemic Syndrome 

The thrombotic microangiopathy seen in HUS can be self-resolving or can progress to 
renal failure. HUS results from uncontrolled platelet activation, usually caused by endothelial 
damage, but some cases are caused by excess molecules of Von Willebrand factor in the 
bloodstream without activation of the complement cascade. The endothelial damage in HUS 
can be due to drugs such as calcinuerin inhibitors, cytotoxic agents like platinum based 
compounds, toxins produced in E.coli O157 strain infection, pneumococcal infection, bone 
marrow transplant and a variety of neoplasms. A form of atypical HUS is associated with 
dysregulation of the complement cascade resulting from abnormalities in complement 
regulatory proteins (Factor H and I) resulting from mutations of genes coding for these 
proteins. 

HUS therefore presents as a thrombotic microangiopathy with arteriolar and glomerular 
tuft thrombosis, which usually resolves spontaneously. In atypical HUS, where the clinical 
picture does not include diarrhoea, the glomerular morphology is usually one of mesangial 
hypercellularity and GBM reduplication – a mesangiocapillary pattern. This pattern of 
glomerular injury usually does not resolve and the renal impairment does not recover [30, 31]. 

 
Non-Vasculitic/Coagulopathic/Microangiopathic Blood Vessel Findings 

Any glomerulopathy or nephropathy can be associated with atherosclerotic changes or 
thromboemboli in the renal arteries and arterioles. Emboli can be spontaneously shed in the 
elderly population with aortic aneurysms, atrial fibrillation and severe atherosclerotic disease. 
Emboli showing needle-like clefts/empty spaces are typical of cholesterol embolisation 
(cholesterol dissolves out during tissue processing) and they are typically seen post arterial 
catheterisation. Detection of the emboli in the biopsy may be a matter of chance and one 
definite focus is enough for the diagnosis, but it probably means that many more similar foci 
are present throughout the kidney. Clinically this is associated with an abrupt decline in renal 
function/acute kidney injury, so clinical correlation is important. 

Renal ischaemia can also be secondary to renal artery stenosis or embolic occlusion, 
although this will not be detected on biopsy. Renal vein thrombosis (a known complication of 
Nephrotic syndrome) is a similar situation, where renal ischaemia is seen, but the cause is not 
seen in the renal biopsy.  

 
 

Disorders of the Renal Medulla Encountered on Biopsy 
 
The renal medulla is the ‘melting pot’ for all the renal cortical nephrons. The collecting 

ducts receive urine from hundreds of nephrons. So it is understandable that disorders of the 
medullary tissue have significant repercussions on glomerular and tubular function. 

However renal medullary tissue is not always seen in a renal biopsy, since the biopsy 
needle penetrates only 20mm deep into the renal tissue.  

Disease of the medulla encountered on biopsy are uric acid crystal deposition (may or 
may not be associated with clinical gout); papillary necrosis (diabetes, sickle cell disease, 
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vasculitis and regular analgesic use); medullary cystic disease and medullary sponge kidney 
[30, 31]. 

 
 

THE RENAL BIOPSY AND MASS LESIONS 
 
The issue of biopsying renal masses is a matter of ongoing debate. Traditionally 

biopsying a renal tumour has been shrouded with the fear of potential tumour tract seeding, 
sampling error and patient safety. However tumour seeding has not been reported for over a 
decade now, sampling techniques are more accurate with advances in radiological imaging 
and maximisation of the laboratory diagnostic potential with new immunohistochemical and 
molecular techniques are now a reality. These factors, together with new surgical techniques 
with improve patient safety, like minimally invasive ablative technologies have rekindled 
interest in this particular practice [40-43]. 

Whether to perform core biopsy or fine needle aspiration (FNA) depends on the logistical 
framework available, but one study showed that by using both simultaneously the diagnostic 
yield is 89.5%-98.2% when compared to 80.7%-89.5% when using core biopsy alone [40]. A 
current study showed that core biopsy resulted in a 22.5% increase in accuracy over FNA, 
and also showed that the practice of renal biopsy had influenced the choice of management 
(i.e. altering the traditional surgical approach) in over two-thirds of cases [42].  

The complication rate associated with percutaneous biopsy of renal mass lesions has 
decreased with the use of 18G needles with a maximum of three passes. The major 
complication rate is low and the minor complication rate in recent series has been less than 
5%. The reported rate of technical failure of renal mass biopsy due to insufficient material 
was about 9% before 2001 and 5% in more recent studies. The likelihood of indeterminate or 
inaccurate pathological findings has decreased from 10% to 4% when comparing clinical 
studies before and since 2001. Currently a total success rate of greater than 90% is attainable 
using renal mass biopsy with standard histopathological analysis [43].  

The current indications for renal mass biopsy are clinical T1 masses, diagnostic 
management of renal masses, particularly in elderly or unfit patients diagnosed with small 
incidental masses and patients with metastatic disease being considered for cytoreductive 
surgery and/or therapy with biological modifiers [40,41].  

 
 

BIOPSYING TRANSPLANT KIDNEYS: HOW, WHY,  
WHEN AND HOW OFTEN? 

 
The transplant biopsy is normally performed with the patient in the supine position, from 

the most accessible pole [12]. 14-Gauge biopsies of transplant kidneys were found to be 
associated with a higher risk of major complications and a lower risk of minor complications 
when compared to same calibre biopsies of native kidneys. Major complications included 
allograft loss and mortality. This is in contrast with previous studies which did not report 
major complications with a 14-G biopsy [49]. The use of a 16 gauge needle for allograft 
biopsies is now commonplace, and this practice still maintains adequate tissue yield [48]. 
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About a quarter of transplant patients have at least one episode of acute rejection. 
Indications for biopsy of an allograft kidney include any acute or chronic deterioration of 
renal function, proteinuria, visible focal lesions, protocol biopsies and to assess for chronic 
rejection [30]. 

Biopsies are also performed from donor kidneys to assess suitability, especially with 
older donors and marginal grafts. Intraoperative frozen sections are often performed in this 
instance. The most reliable histological parameters in this scenario are glomerulosclerosis (a 
minimum of 25 glomeruli need to be counted for this to be reliable (Wang et al, reviewed in 
12 and 22), presence of crescents, significant tubulointerstitial inflammation or vasculitis. 
[12]. Arteriosclerosis can also be assessed on donor biopsy frozen section, while 
Glomerulonephritis and ATN cannot be reliably diagnosed on frozen section, and 
interpretation of tubulointerstitial fibrosis is poor [22]. 

Some centres perform a ‘post-perfusion biopsy’ in order to have a baseline pathological 
picture to compare future biopsies with. Common pitfalls in these biopsies are interpretation 
of changes attributed to ischaemia/reperfusion injury, such as eosinophilic globules in the 
lumina of proximal tubules and tubular cytoplasmic vacuolation secondary to diuretic 
therapy. [30] Finding genuine acute tubular damage indicates a delayed graft recovery period.  

Two cores are submitted from allografts to assess for transplant rejection, with the option 
of submitting a 3rd core directly for IMF, to check for C4D deposition in the peritubular 
capillaries. There is a known correlation between anti-donor HLA antibodies and C4D 
peritubular capillary endothelial deposition and this has led to most centres sending the third 
biopsy core. [22]. If there is a clinical suspicion of recurrent or de novo glomerulonephritis, 
the full diagnostic workup, as for disease detection in a native biopsy, is best performed from 
6 months post-transplant [12]. Protocol transplant biopsies are discussed in further detail 
below. 

It is always ideal to know the recipient’s original diagnosis in the native kidney and 
indication for biopsy of the graft prior to interpreting any allograft renal biopsy. This must 
also be accompanied by information about the date of the transplant and details about 
immunosuppressive therapy.  

 
 

Types of Rejection Seen on Biopsy 
 

1. Hyperacute Rejection 
Rarely seen nowadays, this is a type of antibody-mediated rejection, which is due to 

mismatch of major compatibility antigens between donor and recipient. Pre-existing 
undetected antibodies in the recipient are usually the cause (exposure usually occurs in a 
previous blood transfusion, pregnancy or previous transplants). Clinically there is immediate 
loss of graft function and histologically there are arterial and glomerular microthrombi. 

 
2. Antibody-Mediated (Humoral) Rejection 

Despite immunosuppression, the recipient sometimes builds up an immune response 
against the donor. The classical antibody-mediated rejection presents a few weeks post-
transplant and histologically, there is inflammatory cell infiltration in glomerular and 
peritubular capillaries (glomerulitis and peritubular capillaritis) (Figure 51), and widespread 
C4D deposition is seen in the peritubular capillaries. This is detected with IMF (more 
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sensitive) or alternatively with immunoperoxidase. There may be thrombosis of the 
glomerular capillary tuft and damage to peritubular capillaries may manifest as interstitial 
haemorrhage.  

Morphological features associated with early graft loss are cortical necrosis and arterial 
fibrinoid necrosis. Few patients with thrombotic microangiopathy who subsequently received 
IVIG treatment had functioning grafts on follow-up. [44]. 

 

 

Figure 51. PAS stain showing peritubular capillaritis without tubulitis (ABM rejection alone). 

 

Figure 52. C4D staining of both glomerular and peritubular capillaries using immunoperoxidase – 
antibody mediated rejection, note also the peritubular capillaritis. 

C4d staining was first described in 1993 [12]. C4d is a degradation product of the 
activated complement factor C4 and can be covalently bound to the endothelium/ local 
activation site, where its presence can be demonstrated from 1 – 4 weeks after its deposition. 
C4d is therefore a durable marker of antibody-mediated injury [54] and it is recognised as an 
indirect sign of an antibody response (humoral rejection) where morphological changes 
characteristic for humoral rejection are lacking. It has been shown that C4D PTC deposition 
is an independent parameter related to poor graft survival [11]. 

C4D can be found in recipients who had been depleted of their normal ABO and HLA 
antibodies to decrease the chances of rejection [30]. C4D PTC staining was found to be 
present in 30% (20 out of 67) of the cases of acute allograft rejection. Half of these had 
concurrent acute cellular rejection. It is also reported that neutrophils in PTC, neutrophilic 
glomerulitis, neutrophilic tubulitis and severe ATI are more frequently found in C4D +ve 
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rejection cases than C4D-ve rejection cases. Mononuclear cell tubulitis on the other hand was 
more strongly associated with C4D negative rejection cases [54]. 

There are three commercially available antibodies to detect peritubular capillary C4D 
deposition in renal allografts. Two of these are monoclonal and are used with either a 3-step 
or a 2-step indirect IMF on frozen tissue. A polyclonal antibody is available for use in 
formalin fixed paraffin embedded (FFPE) tissue using immunoperoxidase chromagen 
technology. 

All 3 systems were found to give equal results, but the most sensitive was found to be the 
3-step indirect IMF on frozen tissue using monoclonal antibody (Biogenesis, Brentwood, 
California, cat no 222-8004)[10]. Similar results were described in a different study [51]. 

Perivascular ragged outlined infiltrates were also noted to be a constant feature in 
indication biopsies. This feature is currently not considered in the Banff classification (see 
below). 

 

 

Figure 53. Antibody mediated rejection and acute cellular rejection (peritubular capillaritis and 
tubulitis) in the same allograft. Note the presence of more than 10 lymphocytes/peritubular capillary 
cross-section.  

 

Figure 54. PAS stain outlines the basement membrane and hence helps recognise tubulitis by showing 
the infiltration of lymphocytes into the tubular epithelium; it also helps to identify and exclude 
inflammation involving atrophic tubules which are not considered in the current Banff classification - 
this may change in future. 
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3. Acute Cellular Rejection 
Acute cellular rejection can occur in isolation or in combination with acute antibody-

mediated rejection. Acute cellular rejection occurs usually a few weeks post-transplantation 
and is due to cytotoxic T-lymphocytes reacting against antigens in the tubular cell. 
Histologically there is a patchy or uniform lymphocytic infiltrate in the cortex, with evidence 
of tubulitis and oedema. Clinical correlation is vital as acute interstitial nephritis has an 
identical histological picture.  

Certain instances where lymphocytic infiltrates should not be diagnosed as rejection 
include infiltration in areas of interstitial fibrosis and tubular atrophy, scarring in the 
subcapsular cortex, areas of ischaemia and connective tissue surrounding arcuate vessels [30]. 

 

 

Figure 55. Cellular rejection: Tubulitis and interstitial oedema (Banff tubulitis score ‘t2’ – see table 3 
below). 

 

Figure 56. Cellular rejection: Severe tubulointerstitial inflammation, Banff scores ‘t2’ and ‘i3’ – see 
tables 3 and 4 below). 
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Figure 57. Vascular rejection, Banff score ‘v2’ - see Table 5 below. 

As in most other areas of histopathology, there is a gradation in the level of lymphocytic 
infiltrates and tubulitis in acute cellular rejection. Hence, various arbitrary schemes were 
devised to try and standardise reporting. The Cooperative Clinical Trials in Transplantation 
(CCTT) require infiltrates in 5% of the cortical area, and tubulitis in 10 serial high power 
(x40) fields in at least 3 tubules. These findings must also be accompanied by tubular injury, 
oedema and lymphoblasts. The Banff group requires infiltrates in >25% of the cortical area 
and 4 foci of tubulitis in any one area. In this classification, a 10% cortical infiltrate is 
described as borderline, but can also be seen in previously treated cases [53] (see Table 2). 
Knowledge of the clinical history is again crucial. 

In practice, classification guidelines in transplant pathology should not replace a good 
morphological description, which is less prone to be misinterpreted.  

 
4. Acute Vascular Rejection 

This is defined as lymphocytes permeating the subendothelial space of cortical arteries or 
arterioles and is therefore a manifestation of cellular rejection (although a humoral component 
has not been entirely excluded). Lymphocytes can be of either CD4 or CD8 class. If the 
lymphocytes also permeate into the tunica media and adventitia (transmural lymphocytic 
infiltration) with associated fibrinoid necrosis, then the lesion is classified as severe (v3) and 
is considered to have a humoral component. Typical changes in one artery are enough, so 
there is no ‘grey area’ in diagnosing acute vascular rejection, unlike acute cellular rejection 
affecting the tubulointerstitial compartment [30]. 

Acute vascular rejection is more difficult to treat and is a strong prognostic indicator of 
chronic allograft damage. 

 
5. Chronic Vascular Rejection 

This can occur from a few weeks to years after the transplant. Histologically there is 
concentric fibrointimal thickening without elastin deposition or duplication. There may also 
be associated intimal foamy macrophages. Unlike with acute vascular rejection, the large 
veins can also be affected. The smaller peritubular capillaries may show basement membrane 
thickening and deposition of C4D in their wall. 
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6. Chronic Allograft Glomerulopathy/Chronic  
Transplant Glomerulopathy 

This can present with severe proteinuria, sometimes in the nephrotic range. There is 
mesangial expansion and basement membrane reduplication, often focal, with segmental 
sclerosis, and multilayering of peritubular capillary basement membranes. IgM and 
complement are deposited in the mesangium and the subendothelial space. Duplication of the 
basement membrane and multilayering of the peritubular capillary basement membrane can 
be demonstrated by silver stain and confirmed by electron microscopy. These changes are the 
result of a low grade/ongoing antibody mediated injury to the capillary walls and may be 
associated with positive C4d staining. 

 

 

Figure 58. Vascular rejection, Banff score ‘v3’: endothelial swelling, transmural arteritis and fibrinoid 
necrosis - see Table 5 below. 

Table 2. Banff 2007 classification of Renal allograft Pathology (Banff 97 diagnostic 
categories for renal allograft biopsies—Banff’07 update) 

 
1. Normal. 
2. Antibody-mediated changes (may occur with categories 3, 4 and 5 and 6). 
Antidonor antibodies and C4d or allograft pathology documentation.  
 C4d deposition without morphologic evidence of active rejection. 
 C4d+, presence of circulating antidonor antibodies, no signs of acute or chronic TCMR or 
ABMR. 
Acute antibody-mediated rejection. 
 C4d+, presence of circulating antidonor antibodies, morphologic evidence of acute tissue 
injury, such as (Type/Grade): 
 
 I. ATN-like minimal inflammation. 
 II. Capillary and or glomerular inflammation (ptc/g >0) and/or thromboses. 
 III. ‘Transmural’ arteritis and/or arterial fibrinoid change and necrosis of medial smooth 
muscle cells with accompanying lymphocytic inflammation (v3). 
 
 Chronic active antibody-mediated rejection 
 C4d+, presence of circulating antidonor antibodies, morphologic evidence of chronic 
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tissue injury injury, such as glomerular double contours and/or peritubular capillary 
basement membrane multilayering and/or interstitial fibrosis/tubular atrophy and/or fibrous 
intimal thickening in arteries. 
 
3. Borderline changes: ‘Suspicious’ 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. 
4. T-cell-mediated rejection (TCMR, may coincide with categories 2 and 5 and 6). 
Acute T-cell-mediated rejection (Type/Grade:) 
 
IA. Significant interstitial infiltration (>25% of parenchyma affected, i2 or i3) and foci of 
moderate tubulitis (t2). 
IB. Significant interstitial infiltration (>25% of parenchyma affected, i2 or i3) and foci of 
severe tubulitis (t3). 
IIA. Mild-to-moderate intimal arteritis (v1). 
IIB. Severe intimal arteritis comprising >25% of the luminal area (v2). 
III. Transmural’ arteritis and/or arterial fibrinoid change and necrosis of medial smooth 
muscle cells with accompanying lymphocytic inflammation (v3). 
 
Chronic active T-cell-mediated rejection. 
‘Chronic allograft arteriopathy’ (arterial intimal fibrosis with mononuclear cell infiltration 
in fibrosis, formation of neo-intima) 
5. Interstitial fibrosis and tubular atrophy, no evidence of any specific aetiology 
 (may include nonspecific vascular and glomerular sclerosis) Grade. 
 
I. Mild interstitial fibrosis and tubular atrophy (<25% of cortical area). 
II. Moderate interstitial fibrosis and tubular atrophy (26–50% of cortical area). 
III. Severe interstitial fibrosis and tubular atrophy/ loss (>50% of cortical area). 
 
6. Other:  
Changes not considered to be due to rejection—acute and/or chronic; may include isolated 
glomerulitis, double contour glomerular loops or chronic vascular lesions and coincide with 
categories 2, 3, 4 and 5). 

 
Table 3. Quantitative criteria for tubulitis ("t" score 0-3+) 

 
0 = No mononuclear inflammatory cell in tubules. 
1 = Foci with 1 to 4 mononuclear cells per tubular cross section or ten tubular cells. 
2 = Foci with 5 to 10 mononuclear cells per tubular cross section. 
3 = Foci with >10 mononuclear cells per tubular cross section or the presence of at least 
two areas of basement membrane destruction accompanied by significant interstitial 
inflammation and t2 tubulitis elsewhere in the biopsy. 
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Table 4. Quantitative criteria for interstitial mononuclear cell inflammation 
 ("i" score 0-3+) 

 
0 = No or trivial interstitial inflammation. 
1 = up to 25% or parenchyma inflamed.  
2 = 26-50% of parenchyma inflamed.  
3 = >50% of parenchyma inflamed. 

 
Many chronic rejection cases present as non-specific chronic inflammatory infiltrates in 

areas of tubular atrophy and interstitial fibrosis. These infiltrates are considered non-specific 
and they are not responsive to treatment.  

 
Table 5. Quantitiative criteria for intimal arteritis ("v" score 0-3+) 

 
0 = No arteritis. 
1 = Mild-to-moderate intimal arteritis in at least one arterial cross section. 
2 = Severe intimal arteritis with at least 25% of cross-sectional area lost in at 
least one arterial cross section. 
3 = Transmural arteritis and/or, fibrinoid change and medial smooth muscle 
necrosis, often with patchy infarction and interstitial haemorrhage, and with 
lymphocytic infiltrate in vessels. 

 
The Banff Classification System and Grading of Tubular, Interstitial  
and Vascular Infiltrates 

The first working group to discuss guidelines for renal transplant biopsies met for the first 
time in Banff, Alberta, Canada in 1991. The last meeting was held in Paris, France in 2011. 
The following is the most recent classification of renal allograft rejection (2007 update), 
recommended by the Banff group, detailing categories and the individual component scores 
[55,56], (Tables 2-5). 

 
 

Other Glomerular Disorders in Renal Allograft Biopsies 
 
A variety of pathological processes can be seen in renal allograft biopsies other than 

acute rejection and chronic allograft glomerulopathy. Pre-existing donor disease, the classical 
example being IgA nephropathy can be encountered in the recipient. Usually the condition 
resolves spontaneously. 

Recurrent glomerular diseases are still a problem despite immunosuppression and include 
Immunotactoid glomerulopathy, MCGN type II (dense deposit disease) and diabetic 
glomerulopathy. IgA nephropathy, FSGS, amyloid, light chain glomerulopathy and MCGN 
type I tend to recur frequently too. Many of these conditions require immunohistochemistry 
and electron microscopy to differentiate them from chronic allograft nephropathy.  

De novo glomerulopathies usually occur late in the post transplant period. The 
commonest examples include membranous nephropathy and FSGS (usually perihilar,) due to 
glomerular capillary hyperperfusion. If the recipient has Alport’s syndrome, they will mount 
an immune response against collagen type IV, resulting in an anti-GBM like 
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glomerulonephritis. If the recipient has Finnish type congenital nephrotic syndrome, a rare 
disease, they will mount an antibody response against the protein nephrin, again resulting in a 
similar outcome. 

 

 

Figure 59. Left: Marked tubular epithelial injury, with basophilic intranuclear inclusions and shedding 
of tubular epithelial cells in the lumen. Right: Positive SV40 nuclear immunohistochemical stain to 
detect Polyoma/BK virus.  

More recently, collapsing glomerulopathy has been highlighted as a minor but important 
cause of renal allograft dysfunction or failure. It has a current prevalence of 3.5% in allograft 
biopsies and is associated with HIV, drugs and vascular injury. In a recent series, half of the 
cases of CG in renal allografts had a favourable outcome, probably related to early detection 
of proteinuria [53]. 

 
Differential Diagnosis of Acute Rejection 

Acute tubular necrosis is a common finding in renal allograft biopsies and is more often 
encountered in cadaveric donors and cases with prolonged cold/warm ischaemic times. 
Damage tubules appear as pale, irregular tubules showing vacuolated cytoplasm, loss of the 
epithelial brush border, epithelial attenuation, apoptosis and luminal secretions, without 
evidence of tubulitis and basement membrane thickening. 

Infection in a graft can be ascending, peri-operative or haematogenous in origin. Purulent 
material can be seen inside tubules in bacterial pyelonephritis. Tuberculosis (due to 
immunosuppression) should always be kept in mind and excluded.  

Polyoma/ BK virus infection affects the transitional epithelium and ducts of Bellini and is 
associated with an active tubulointerstitial inflammatory infiltrate which can closely mimic 
acute cellular rejection. Tubular epithelial cells show characteristic viral inclusions (most 
evident in the medulla) and these inclusion bearing cells often slough off and can be detected 
in the urine by cytological examination for these ‘decoy cells’ (thus named because the viral 
inclusions mimic atypical or neoplastic cells).  

Cytomegalovirus (CMV) infection is also seen in tubules and is associated with a 
tubulitis. Immunohistochemistry helps to identify viral inclusions in both these conditions. 

Infarction is due to thrombosis of large arteries or veins. Infarction in this setting is 
usually focal and finding infarction on biopsy does not necessarily correlate with decreased 
graft function. 
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Drug toxicity particularly calcineurin inhibitor (CNI) toxicity (cyclosporin or tacrolimus) 
can cause reversible acute tubular injury morphologically manifesting as isometric 
vacuolation of the tubular epithelium. However, this can be a non-specific feature which can 
also be seen after diuretic treatment and correlation with CNI levels clinically is needed 
before making this diagnosis. Other histological signs seen with these drugs are small vessel 
thrombotic microangiopathy, and marked hyalinosis of the afferent arterioles in chronic CNI 
toxicity (see below).  

 
Differential Diagnosis of Chronic Rejection 

Chronic Calcineurin toxicity manifests as a peculiar ‘bulging’ arteriolar hyalinosis, 
glomerular segmental sclerosis and a striped pattern of tubular atrophy and fibrosis, extending 
into the medulla. Repeated attacks of acute rejection can give a picture resembling chronic 
rejection. Infection of the graft, ischaemic damage and drainage problems can all mimic 
chronic rejection. Pus within tubules and aggregates of PAS-positive material within the 
interstitium are clues towards a drainage problem, for example ureteric stenosis. Tamm-
Horsfall protein ends up in the interstitium after microscopic tubular ruptures, but can also be 
present in the Bowman’s space from retrograde reflux. [30,31]. 

 
 

Protocol Transplant Biopsies and Subclinical Rejection 
 
Protocol biopsies originated from the need to prevent and diagnose early pathological 

changes (subclinical rejection) that are precursors to late allograft loss. These findings of 
subclinical rejection have been associated with decreased graft survival at 10- years and its 
treatment improves long term results [12]. Recent reports have suggested that acute rejection 
episodes and CAN may be subclinical without causing a measurable decrease in graft 
function [46]. 

Subclinical rejection (SCR) is defined as acute rejection characterised by 
tubulointerstitial mononuclear infiltration on biopsy, without functional deterioration 
(creatinine not exceeding 25% of baseline values). Therefore SCR is a protocol biopsy 
diagnosis not driven by clinical signs [45]. 

The incidence of SCR varies quite a lot in reported series, likely due to different 
immunological interactions, ethnicity, baseline immunosuppression and biopsy timing. 
However, in general, SCR is seen within the first months after transplantation. SCR was 
found in 20-37% of patients after treatment of acute cellular rejection and SCR itself can 
persist after treatment in up to 46% of cases [45].  

Nodular infiltrates were more common in protocol biopsies and diffuse infiltrates in 
indication biopsies. The latter corresponds to the Banff classification, where increasing grades 
of diffuse infiltrates and tubulitis indicate increasing grades of cellular rejection.  

However, it was noted that cases classified as rejection have a significantly higher ‘non-
specific’ infiltrate than non-rejection biopsies, indicating that rejection is not solely a T-cell 
dependent process [47].  

HLA mismatches and prior cellular rejection increase the risks of finding SCR. Persistent 
SCR beyond 6 months represents a failure of baseline immunosuppression to control residual 
cellular immunological activity. Persistent SCR beyond 12 months has also been caUSlly 
linked to subsequent tubulointerstitial damage, progressive CAN, decreased creatinine 
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clearance and reduced graft survival [45]. True chronic rejection is defined arbitrarily by 
persistent SCR for 2 or more years. The incidence of CAN in protocol biopsies has been 
reported to be up to 79% [46].  

According to the Banff working group SCR is subdivided into acute and borderline, with 
the severity of the rejection based mainly on the tubulitis score, which can be very focal 
(Table 2, Category 3 )[55]. This increases the interobserver variability. Also, the newer 
immunosuppressive agents on the market drastically reduce the lymphocyte numbers and 
distribution. However from a practical point of view, both acute and borderline SCR have the 
same empirical treatment (high dose corticosteroids) [45]. Corticosteroid treatment of SCR at 
1-3 months post-op had a better outcome than the same treatment of SCR diagnosed after 6 
months [46]. Some episodes of clinical acute rejection may be in fact SCR with concurrent 
calcinuerin toxicity.  

 
Justifying Protocol Biopsies 

Protocol biopsies serve as a predictor of allograft survival. There is a low risk of graft 
loss and morbidity from the biopsy itself. Major complication rate of protocol biopsies are 
quoted as 1% using an US-guided biopsy gun. There is a reduction of therapy if SCR is 
excluded and there is the benefit of co-incidental graft-saving findings. Protocol biopsies have 
also been reported to be useful in the detection of CAN in paediatric transplant patients [46]. 
The NNT (number needed to screen) to prevent one graft loss by 4 years is calculated as 6 
patients, when the background prevalence of SCR of the cyclosporine era approximated 30% 
[45]. The other disadvantages of universal protocol biopsy are cost related, workforce related 
and resource-related. Evidence supporting protocol biopsies in renal transplant patient with 
stable renal function is still lacking [46]. 

Age-related changes can resemble those of CAN, therefore it is important that a donor 
biopsy is taken for a baseline comparison. Donor-related changes are a main reason for the 
variability in the literature data [46]. 

Until solid evidence proving the predictive power of novel molecular techniques is in 
place, protocol biopsies will have a role to play in the prevention of CAN. Such molecular 
tools include identification of proinflammatory transcripts in tissue or urine by PCR, urine 
spectroscopy and measurement of cell activation markers [46]. 

 
Neoplastic Findings Related to Transplants 

Post-transplant lymphoproliferative diseases (PTLD) are neoplastic B-cell proliferations, 
usually associated with EBV infection and immunosuppression. Diagnosis relies on finding a 
monotonous infiltrate of large lymphocytes, of which, a variable proportion show blastoid 
morphology. Amyloid, Renal cell carcinoma, Kaposi’s sarcoma, cysts and foreign body 
material can all be rarely found in renal transplant biopsies. 

 
 

THE FUTURE OF THE RENAL BIOPSY 
 
The renal biopsy as a diagnostic tool has made great advances in the last few decades and 

is now at the very heart of patient management decisions. Confidence in the pathologist’s 
reporting of renal biopsies and the development of renal pathology as a subspecialty has 
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helped in increasing the accuracy and safety of the diagnoses. This has progressed hand in 
hand with advances in molecular, ultrastructural and immunohisto-chemical/ 
immunofluorescence technologies. As a result, there has been a proportional increase in the 
physician’s trust in the pathologist’s interpretation of renal biopsies. 

Likewise, the pathologist’s active role in multi-disciplinary team meetings has enhanced 
clinicopathological correlation thereby optimising diagnostic and therapeutic outcomes. Apart 
from providing diagnostic and prognostic information derived from the histology relating to 
glomerulonephritic disorders, the biopsy findings can avoid unnecessary surgery for 
otherwise benign mass lesions. The prospects for the future of the renal biopsy are a 
combination of traditional histological workup enhanced by use of new immunohistochemical 
and molecular markers identified by studies into the pathogenesis of diseases such as the 
podocytopathies and glomerulopathies resulting from abnormalities of the complement 
cascade and advances in the field of immunology and transplant pathology. 

 A better understanding of the etiopathogenesis of renal diseases has resulted in their 
improved classification and identification of new disease entities. This is illustrated by the 
proposed new classification of podocytopathies, proposed separation of DDD from the 
category of MCGN with its recognition and reports of C3 glomerulopathy [57]. This 
improved understanding should improve prognostic stratification and open avenues for 
targeted therapeutic interventions. The renal biopsy will continue to play an important role in 
transplant pathology which will most probably be enhanced with recent advances in 
understanding of the role of humoral immunity in graft rejection.  
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