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1. Introduction
The kidney is a mysterious organ that makes urine from Shiraz wine (1). It has a role in
excreting waste products, regulating body fluids and balancing soluble ions.
The focus of this chapter is the gross anatomy and histology of the kidney renal biopsy
techniques and diferential diagnosis of the important renal disease and interpretation of
these.

2. Anatomy
The kidneys are two bean shape organs within peritoneum located between12th thoracic rib
to 3rd lumbar vertebrae. A space named perirenal, with fatty tissue, surrounds each kidney
(2). In the anterior, there are the pancreas, duodenal loop, ascending and descending colon,
and the hepatic, splenic, and proximal superior mesenteric arteries. In the posterior, there is
fat but no organs. The kidneys exhibit craniocaudal movement of 1.9 to 4.1 cm during
respiration (4). Each organ weights 125 to 170 gr in males and 115 to 150 gr in females(4).
Both together represent 0.04% of total body weight. Kidney weight correlates best with
body surface area, whereas age, sex, and race do not influence it (5). The dimensions of the
kidney are 11-12 cm (length), 5-7.5 cm (width) and 2.5-3 cm (thickness). Renal volume can
increase or decrease by 15% to 40% with major fluctuations in blood pressure, intravascular
volume, or interstitial expansion by edema (6). The renal artery divides into anterior and
posterior arteries which in turn give off segmental arteries, which supply the apical, upper,
middle, lower and posterior segmental regions of the parenchyma (7). After branching to
anterior and posterior divisions at the hilus, the main renal artery gives off interlobar
(between lobes and extend to corticomedullary junction), arcuate (between cortex and
medulla) and interlobular arteries (extend cortex to capsule) respectively. Afferent arterioles
are branched from interlobular arteries which make glomerulus and efferent arterioles after
glomerulus, forms peritubular or interstitial capillaries around tubules. Efferent arterioles
form vasa recta which supplies the outer and inner medulla (8). Multiple anastomoses
between capillaries within the lobule create a capillary meshwork. The vasa recta and
peritubular capillaries form interlobular veins and with a similar pattern as arteries leave
the kidneys as renal veins (8).
On the cut surface of kidney, there is a pale outer region (cortex) and a darker inner region
(medulla) .The medulla is divided to 18 pyramids. Each pyramid base is located at the
corticomedullary junction, and apex has 20-70 small openings representing the distal ends of
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collecting ducts (9). The renal cortex forms a 1.0-cm layer beneath the renal capsule and
extends down between the renal pyramids forming the columns of Bertin (10).
Renal lobe is composed of a pyramid with its surrounding cortical parenchyma (11). The
renal pelvis is an extension of upper ureter. A detailed anatomy description of kidney is
provided elsewhere (12).

3. Nephrons
The functional and basic unit of the kidney is the nephron which is composed of renal
corpuscle (glomerulus and Bowman's capsule), and cylindrical epithelial-lined tubular
component (proximal tubule, Henle`s loop and distal tubule).
Tubular part of the nephron has complex spatial and topographic relationship with its
microvasculature and demonstrates sequential variation in its cellular constitution depending
on the function (10). The glomeruli are located in cortex. There are two main groups of
nephrons: those with a short loop of Henle and those with long loop. The length depends on
the glomerulus location. The superficial and midcortical nephrons have short loops (85%) and
the juxtamedullary and some deep midcortical ones, have long loops (15%) (10). Henle`s loop
is located in the medulla and is connected proximally to proximal tubule just after glomerulus,
and distally to distal tubule. These two groups of tubules are located in the cortex. The distal
tubule then connects to collecting ducts ending in renal papilla. The Henle`s loop and
collecting ducts are arranged in radial form from papilla to cortex. The number of Nephrons
depends on weight at birth and age , meaning that in low birth weight is the nephrons weight
less than normal with increased risk of hypertension (13). The estimated number of nephrons
is 400-800 thousands (14). Even a broader range of 227000-1825000 has been reported (15).

4.Kidney histology
4.1 Glomerulus
Malpigi first described the glomerulus and demonstrated its relation with the renal
vasculature (16). Latter, Bowman showed and presented glomerulus, in detail (17,18).
Glomerulus is used to refer to the glomerulus tuft and Bowman‘s capsule. Bowman's
capsule is the dilated part of the proximal tubule (19). Glomerulus is a vascular tuft lined by
endothelium and is supported by a mesangium that contains cells and a matrix material and
glomerular capillary loop basal lamina. The term GBM (glomerular basement membrane) is
used for capillary loop components observable by light microscopy that includes cellular
elements, podocyte and endothelial cells and the matrix component of basal lamina (10).
Bowman's capsule (BC) is a thick connective tissue barrier between the glomerular filtrate
within Bowman's space and the interstitium (20). It is approximately spherical and lined
along its inner surface by parietal epithelial cells.
The vasculature unit is covered by epithelial cells which form the visceral layer of Bowman’s
capsule. There is another epithelial layer named parietal epithelium that is continuous with
visceral layer and make a pouch space between the two layers and surrounds the
glomerular vascular tuft. The glomerulus has a round figure and 200 µm diameter (21).
There are some variations in size depending physiologic conditions (22). Lobularity of
glomerulus is not prominent in normal kidney.
Cellularity assessment of glomerulus mesangium is obtained in sections of 2-4 µm thickness.
The normal mesangial cell number is one or two cells per matrix area (10). Generally there
are less than 4 cells in mesangial region of far from vascular pole.
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Endothelial cells have eosinophilic cytoplasm and round to oval nucleoli which project into
capillary lumen. Their surfaces have a negative charge (23). Endothelial cells completely line
the inner surface of the glomerular capillary loops and have fenestrated regions and
nonfenestrated regions. The fenestrations are round to oval and measure approximately 70
to 100 nm in diameter. These fenestrations are open and lack a diaphragm (10). Many
molecules are produced by endothelial cells that function in the immune response and
coagulation system, and also mediate vasoconstriction and vasodilatation (24).
The mesangium supports glomerulus capillary tuft which regulate glomerular filtration by
contraction properties (25). These cells have a phagocytic function that clears debris from
this region (26). The mesangial matrix is structurally similar to basement membrane of
glomerulus. This can be seen by Periodic Acid Schiff (PAS) and silver staining.
Endothelial cells and visceral epithelial cells have a common basement membrane of 310-380
nm thickness (27). It is thicker in males than females and has variation depending
physiologic conditions (28).
Visceral epithelial cells are located outside of glomerulus capillary wall, bulging to
Bowman's space between the two epitheliums. They have eosinophilic cytoplasm and
processes that surround glomerulus and capillaries and divide to foot processes afterwards.
The processes have contraction function related to actin, myosin and α-actinin in their
cytoplasm (28). The foot processes are arranged on basement membrane with a 25-60 nm
distance from each other and called filtration split . These cells have a negative charge (29).
The parietal epithelium of Bowman's space is simple squamous layer. These cells have 0.10.3 µm height which increases around nucleus region. The epithelial cells have a basement
membrane on Bowman's capsule.
Golgi observed a unit named juxtaglomerular apparatus in vascular pole of glomerulus (30).
The juxtaglomerular apparatus is a complex structure composed of specialized epithelial
cells, the macula densa, vascular components (including portions of the afferent and efferent
arterioles), and extraglomerular cells known as lacis cells (31,32). Rennin and angiotansin II
are produced in these cells (33). The macula densa consists of a plaque of specialized tubular
cells, polarized to the glomerular side of the tubule and projecting into the lumens that are
taller than collecting tubules cell with an apical nucleus, and short surface microvilli, but
lack lateral interdigitation characteristic of other cells of the thick ascending limb (10).
4.2 Proximal tubule
This unit is about 14 mm long and is composed of a convoluted and a straight portion (21).
The convoluted part forms some coils near its glomerulus in the cortex and then goes to
medulla and forms straight part. In histologic section of cortex, the major part of tissue is
composed of proximal convoluted tubules. In biopsy sections, collapsed lumens of these
tubules are seen (34). Proximal tubule cells are cuboid or short columnar with eosinophilic
cytoplasm, often granular and a round nucleus in the center .
These cells have many mitochondria located at the cell base. In apex of cells, there is a brush
like border which can vary in different parts of proximal tubules.
The proximal tubules’ task is reabsorbtion of the majority (60%) of glomerular ultrafiltrate.
This includes sodium, chloride, glucose, amino acids, bicarbonate and water.
4.3 Henle`s loop
Between proximal and distal tubule, there is a U-shape unit named Henle`s loop. Resting on
medulla, Henle’s loop can be long or short depending on the glomerulus location. Their cells
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are flat, 1-2 µm thick with nuclei bulged into lumen and with attenuated cytoplasm with no
brush border which creates a resemblance to the endothelial lining of a capillary . Henle`s
loop have a role in concentration of urine. The transporting of water and chloride sodium in
this loop is passive.
4.4 Distal tubule
This unit connects to ascending part of Henle`s loop and is composed of thick part of the
loop, distal convoluted tubule and macula densa as described in juxtaglomerular apparatus.
The thick part of Henle`s loop has cuboidal cells with eosinophilic cytoplasm and round
nuclei, often bulging into lumen .These cells have many mitochondria with active transport
of materials especially sodium chloride. In contrast to proximal tubule, these cells have less
height, less eosinophilic property and no brush border.
After this part, distal convoluted tubule begins which is the terminal part of distal tubules.
These cells are similar but taller than thick ascending cells and have round nuclei, without
brush border and indistinct lateral cell border and less eosinophilic than proximal tubules.
Their lumen is often open . Their function is reabsorbtion of chloride sodium.
In the end of distal convoluted tubules, a transitional segment begins which connects these
tubules to the collecting duct system.
Most nephrons connect to initial collecting tubules (35). About 40% of nephrons connect to
arcades which have three nephron attachments and every cortical collecting tubule, connects
to 11 nephrons (9). The collecting duct system has t similar cells to distal convoluting
tubules and cortical collecting ducts.
4.5 Collecting duct
This unit begins near the end of distal convoluted tubules in the cortex and goes to the tip of
papilla. This system has three part in cortex, outer medulla and inner medulla which are
covered by different epithelial cells (36).
The cortical part has cuboidal cells with round central nucleus, distinct lateral cell border,
open lumen and no brush border .There are two distinct cells in this unit: principal cells and
intercalated cells, which are difficult to differentiate in light microscope, but the former has
a clear cytoplasm.
Principal cells function, is potassium secretion into the cortical collecting duct.
Intercalated cells are darker than principal cells and are interspersed in lining of collecting
duct. They have many mitochondria and also carbonic anhydrase II enzyme. The cortical
part of collecting duct involves in acidification of urine (37). The outer medullary part of
collecting duct is lined by similar cells to cortical part, only taller. This part is also involved
in urine acidification. In the last part of collecting duct, named inner medullary collecting
duct, there is an increase in diameter and height of epithelial cells as the duct is descending
(38). It means that cuboidal cells gradually turn to columnar cells. This part plays a role in
urine concentration.
4.6 Other parts of kidney tissue
The kidney artery distribution was introduced in the first pages of this chapter. Interstitium
of the kidney is about 5-20% of cortex (39). This part is composed of extracellular matrix
and interstitial cells, but cannot be seen in light microscopy (40). This part is increased in
medulla and reaches 10-40% of medulla (41). In this region, it could be seen as gelatinous
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appearance. The interstitial cells are involved in producing extracellular matrix and some
endocrine substances such as those function as antihypertensive (42).
Lymphatic vessels are not prominent in light microscope view. They are originated close to
interlobular arteries and make arcuate and interlobar lymphaticvessels which drain into lymph
vessels locates at kidney hilus. The lymphatic vessels are believed that exist only in cortex (43,44).
The kidney nerves are originated from celiac plexus (45) and accompany vessels in cortex
and medulla (46).

5. Renal biopsy techniques
Renal biopsy has an important role in diagnosis, prognosis, and response to therapy.
The first renal biopsy was taken about one century ago in the United States. Widespread
introduction of renal biopsy for clinical use, began in 1950s (47). Renal biposy has been
used to identify pathologic changes in different clinical conditions and recognize renal
diseases with similar manifestations.

6. Requisition/referral form
In every medical center it should be a form designed for pathologic specimens. Over the
biopsy procedure this form should be completed by the physician and sent to pathology
laboratory. Minimum informations required in these forms include patient's full name, date of
birth, sex, race, date of biopsy, clinical problem(s), type of insurance, address, phone number,
emergency situation, fixative fluid, biopsy location and side, physician's name and phone.
Specimens should be labeled with patient's name and a second identifier like father's name
or date of birth.

7. Biopsy technique
Renal biopsies are taken by nephrologists or radiologist by True-cut or biopsy gun under
local anesthesia. It is performed in prone position for native kidneys and in supine position
for transplanted kidneys. Nowadays, biopsies can be obtained by ultrasound or computed
tomography guided (47). The use of biopsy gun, guided by ultrasound has more safety and
yield (48,49,50).
Each glomerulus has a 200-250 µm diameter, therefore, the needle should be selected
properly. 14-guage, 16-guage, and 18-guage needles have internal diameter of 900-1000, 600700, 300-400 µm, respectively. It is better to use 16 or 14 guage needle as the use of 18 guage
needle can result in narrower and fragmented tissue.
In renal mass biopsies, the 18-21 gauge needles can be used (51).
Biopsies from subcapsular region show nonspecific sclerosis. The optimum location for
biopsy is juxtamedullary, because these glomeruli are the earliest ones involved in focal
segmental glomerulosclerosis (52).
Other renal biopsy techniques include transjugular retrograde approach by catheter (53,54),
laparascopic techniques (55), and open laparatomic biopsy.

8. Risks
There is little discomfort experienced by patients in renal biopsies although it is a painful
procedure. The most common complication, is microscopic hematuria (almost all patients).
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Gross hematuria is occurred in 5-7% of patients (56). There are some other complications
including perinephric hematuria, arteriovenous fistula(57), ileus, renal pelvic rupture and
entrance into neighbor organs. Other complications are the need for transfusion (less than 1%),
renal loss (less than 0.1%), and death (very rare) ((47,58,59). Ultrasound guided biopsy and
automatic biopsy devices are helpful techniques, but do not decrease the complications (57,59).
Overall, renal biopsy is considered a safe medical approach (47,60,61).

9. Gross inspection
The specimen should be handled and processed with great care. It should be moved by a
wooden stick like toothpick and forceps use is forbidden because of crush artifact (62). After
renal biopsy is obtained, it should be placed in a drop of saline and examined under
microscope for its color and appearance.
The reddish pin points or hemispheres on tissue surface are the glomeruli, which are not
observable in conditions such as fibrosis and hypercellular bloodless glomeruli, (63). The
biopsy should not be dried after taking the tissue and should be divided as soon as possible.
The cylindrical tissue should be divided and fixed in proper solutions for light microscopy,
immunofluorescence study and electron microscopy. Longitudinal sectioning is not advised,
because the needle diameter is changed to narrower ones.
A cutting protocol for needle biopsy in the first sample is cutting 1-2 mm of each end side
and fixing in glutaraldehyde for electron microscopy, two third of the remaining tissue
from cortical side for light microscopy , and one third of the tissue from cortical side for
immunofluorescence study (63). If there is a second sample, similar cutting is done for
electron microscopy, but one third of cortical side is taken for immunofluorescence study
and two third of medullary side for light microscopy (62).
Repeated biopsies, need only light microscopy sample (52).
If the specimen is small, immunofluorescence study might be omitted and if it is very small,
it is better to process entire sample for electron microscopy(63)
The renal biopsies are studied in 4-5 µm sections using different stains. The main staining
material for the biopsies is Hematoxilin & Eosin Other stains commonly used in renal
biopsies are: Periodic Acid Schiff, Methenamin silver, Masson trichrome, Congo red and
reticulin.

10. Fixatives
For light microscopy, neutral buffered formaldehyde is used. It is suitable for
immunohistochemical study and also molecular procedures (62). Bouin`s fluid, mercury
based fixatives such as Zenker`s, and Karnowsky`s fixatives have better morphology
preservation properties (63), yet they need additional handling precautions, and are not
suitable for immunohistochemistry and molecular studies (62).
Methacaren, a modified Carnoy fixative, provides good fixation for light microscopy as well
as electron microscopy (64).In processing, the tissue is better to be wrapped in a wet thin
paper like lens paper.
In emergency evaluation, the fixative and also processing is done by microwave devices.
For electron microscopy, 2-3% glutaraldehyde fluid is suitable. It should be cool and
buffered and be made in the last 3 months. Immunofluorescence samples do not need any
fixative and should be delivered and frozen in Michel`s media for frozen sections.
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11. Sectioning and staining
After histologic processing and paraffin embedding, the tissues are sectioned by microtome.
These sections are prepared as thin as 3 µm or less for light microscopy. Thicker sections in
needed in congo red and Immunohistochemistry staining.
The most helpful stains for light microscopy are Hematoxiline and Eosine (H&E),
methenamine silver, Periodic Acid Schiff (PAS), trichrome, congo red and reticulin.
H&E highlights the cells well, while methenamine silver shows basement membrane and
matrix of connective tissues. In PAS staining, there is good highlighting of cells and
basement membrane. Trichrome staining is suitable for basement membrane, fibrosis, and
deposit assessment. Congo red is recommended for amyloid discovering while elastin stains
such as reticulin are helpful in vascular lesions.
Table 1 provides a comparison of the characteristics of tissues provided by three different
stains (8).
PAS
red
red
-/+

Basement membrane
Mesangial matrix
Interstitium collagen
Cell cytoplasm
Immune complex
deposits
fibrin

Weakly +

amyloid
Tubular casts
Insudative lesions

red
-/+

trichrome
Deep blue
Deep blue
Pale blue
Rust/orange-granular
Bright red-orange
homogeneous
Bright red-orange
fibrillar
Light blue-orange
Light blue
Bright red-orange
homogeneous

silver
black
black
-

Gray to black
-

Table 1.

12. Specimen adequacy
There is a question of how much tissue is necessary for diagnosis of renal disease. In diffuse
glomerular diseases, such as amyloidosis and membranous glomerulopathy, one
glomerulus is enough for diagnosis. In focal diseases, considering the random distribution
of abnormalities, the probability of finding any glomerulopathy is represented by bionial
equation (65). For example, if we have 10 glomeruli and the disease exist in 10% and 35% of
them, we will have 65% and 95% positive report in the biopsy, respectively.
Fogo mentioned 25 and 10 glomeruli are needed for most accurate diagnosis in light
microscopy for native and transplanted kidneys respectively (52). In one study it was found
that a specimen with at least 25 glomeruli is needed for the biopsies of chronic lesions of the
kidney (66).
There is semi-quantification of pathologic findings including glomeruli number, percentage
of affected glomeruli, mesangial matrix volume, inflammatory cell infiltrate, percentage of
fibrosis and atrophy in different patients. Also quantification techniques in renal biopsy
have been reported (67,68,69,70). These quantifications ha help in monitoring the patients
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and their response to therapy as well as comparison of different biopsies and their
correlation with clinical points.
Quantification methods require a standard protocol for processing and sectioning (70).

13. Differential diagnosis of renal lesions
Renal biopsies are done to determine tissue diagnosis, exclude other diagnostic possibilities,
assessing the severity and activity of the lesion (grade), and the amount of irreversible
scarring (stage) (63). There are some steps in renal biopsy evaluation with each step
correlating to one the part of the kidney including glomeruli, tubules, Interstitium and
vascular parts and correlate them with each other. Any changes in each part of the kidney
may be associated with secondary changes in others. The maximum data about renal
biopsies is provided by light microscopy, immunofluorescence study and electron
microscopy (71,72,73).
In the future, genomics and proteomics studies will be used for the diagnosis of renal
diseases. In glomerular evaluation, pathologists should diagnose the inflammation,
glomerular basement membrane changes, scarring, spikes, fibrinoid exudates,
hypercellularity and deposits.
In tubular parts, the focus should be on cellular injuries, regeneration, atrophy, cast, edema,
fibrosis and crystals.
Interstitium pathology includes cellular infiltrate, edema, and fibrosis, while vascular part
changes are inflammation, sclerosis, hyalinosis and thrombosis.
In overall inspection of biopsy, pathologists should know about the clinical status and
chronicity of the disease. In the chronic nephron loss, there is compensatory of remained
normal nephrons which leads to a mixture of hypertrophied functioning glomeruli and
atrophic non-functioning nephrons (10).
The pathologist also should know that many diseases which affect the kidney, have
different manifestations other than kidney.
Light microscopy is often the most important tool for detecting the primary site of injury,
but to differentiate between the diseases with common manifestation , electron microscopy
and immunofluorescence study are helpful (10).
In this section we used Heptinstal Renal Pathology tables and their respective authors.

14. Glomerular lesions
The clinical presentations of glomerular diseases are very different including proteinuria,
hematuria, casts, nephritic syndrome, acute nephritis, renal failure (acute and chronic) and
rapidly progressive nephritis. Clinical data about age and urine sediment (nephritic or
nephritic), narrows differential diagnoses (74).
There are some reports on the relative frequency of renal disorders in biopsies (75). The
complexity and variety of glomerular diseases is a challenge for nephropathologists (10).
Renal injuries could be categorized as acute or fibrosing. Active lesions include
proliferation, necrosis, crescent, edema, and active inflammation. Fibrosing lesions include
glomerulosclerosis, fibrosis, crescent, tubular atrophy, interstitial fibrosis and vascular
fibrosis (76).
It should be remembered in the prognosis and monitoring of renal diseases that glomerular
lesion can change over time. .
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There is a standard terminology for glomerular involving lesions report which is stated by
Jennette and et al (10,75).
Focal: less than 50% of glomeruli
Diffuse: more than 50% of glomeruli
Segmental: part of a glomerulus
Global: all of a glomerulus
Mesangial hypercellularity: 4 or more nuclei in mesangial region
Endocapillary hypercellularity: increased cellularity internal to the GBM composed of
leukocytes, endothelial cells or mesangial cells.
Extracapillary hypercellularity: increased cellularity in Bowman`s space (more than one
layer of parietal or visceral epithelial cells or monocyte/machrophage)
Crescent: extracapillary hypercellularity other than the epithelial hyperplasia of collapsing
variants of FSGS
Fibrinoid necrosis: lytic destruction of cells and matrix with deposition of acidophilic
fibrin-rich material
Sclerosis: increased collagenous extracellular matrix that is expanding the mesangium,
obliterating capillary lumens or forming adhesions to Bowman`s capsule
Hyaline: glassy acidophilic extracellular material
Membranoprolifrative: combined capillary wall thickening and mesangial or endocapillary
hypercellularity
Lobular (hypersegmented): expansion of segments that are demarcated by intervening
urinary space
Mesangiolysis: detachment of the paramesangial GBM from the mesangial matrix or lysis of
mesangial matrix
Each of these terms could be categorized further according to some other parameters
((74,77,78,79,80,81 ,82,83):
Focal glomerulonephritis: is includes inflammatory lesions in less than 50% of glomeruli. the
differential diagnoses are noted based on the age and are as follow:
<15 years:

mild postinfectious glomerulonephritis

IgA nephropathy

thin basement membrane disease

hereditary nephritis

Henoch Schoenlein purpura

mesangial prolifrative glomerulonephritis
15-40 years:

IgA nephropathy

thin basement membrane disease

systemic lupus erythematous

hereditary nephritis

mesangial prolifrative glomerulonephritis
>40 years:

IgA nephropathy
Diffuse glomerulonephritis: affects most or all of the glomeruli and differential diagnoses
according to age are:
<15 years:

postinfectious glomerulonephritis

membranoprolifrative glomerulonephritis
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15-40 years:

postinfectious glomerulonephritis

systemic lupus erythematous

rapid progressive glomerulonephritis

fibrillary glomerulonephritis

membranoprolifrative glomerulonephritis
>40 years:

rapid progressive glomerulonephritis

fibrillary glomerulonephritis

vasculitis

postinfectious glomerulonephritis
Nephrotic syndrome: is associated with proteinuria and lipiduria and its differential diagnoses
according to age include:
<15 years:

minimal change disease

focal segmental glomerulosclerosis

mesangioprolifrative glomerulonephritis
15-40 years:

focal segmental glomerulosclerosis

minimal change disease

membranous nephropathy

diabetic nephropathy

preeclampsia

post infectious glomerulonephritis
>40 years:

focal segmental glomerulosclerosis

membranous nephropathy

diabetic nephropathy

minimal change disease

IgA nephropathy

amyloidosis

light chain deposition disease

benign nephrosclerosis

postinfectious glomerulonephritis
In each pattern, the injuries should be written and overall the proper diagnosis should be
made. The optimum approach to pathologic diagnosis of a glomerular disease is based on
the presence of features indicative of specific disease and the absence of the features
indicative of other disorders (10).
One of the first steps in evaluation of glomeruli is the distinction between the primary and
the secondary lesions. The systemic diseases including systemic lupus erythematous,
systemic vasculitis (e.g.Wegner granulomatousis), microscopic polyangitis, Henoch
Schoenlein purpura, cryoglobulinemic vasculitis, diabetes mellitus, amyloidosis,
monoclonal immunoglobulin deposition disease, hypertension, hepatitis B infection and etc.
affect the kidney as well as the other organs.
In light microscopy evaluation, each part of glomerulus should be noted for normal and
abnormal cellularity and extracellular materials.
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In normal morphology of glomeruli, the diagnoses are minimal change disease and thin
basement membrane nephropathy and electron microscopy and immunofluorescence
would be helpful. Early stages of many glomerulopathies show normal features in light
microscopy. If there are capillaries with thick walls, diseases such as membranous
glomerulopathy, diabetic glomerulosclerosis, amyloidosis, immunoglobulin deposit disease,
should be remembered.
Alteration of glomerular basement membrane is summarized here (82,83,84):
Where limited sclerosis of glomeruli is observed, focal segmental glomerulosclerosis,
Alport’s syndrome, and sclerotic phase of different glomerulopathies are differential
diagnoses.
Hypercellularity may result from increase in mesangial, visceral epithelial, endothelial cells
or infiltrate of leukocytes.
Mesangial hypercellularity is seen in mesangioprolifrative glomerulonephritis,
postinfectious glomerulonephritis, and membranoprolifrative glomerulonephritis. Lobular
pattern of glomeruli should remind membranoprolifrative glomerulonephritis with nodular
expansion, fibrillary glomerulonephritis, and immunotactoid glomerulopathy.
Diffuse sclerosis is seen in end stages of glomerular, vascular or tuboluinterstitial diseases. It
should be noted that many diseases may have no changes in morphology at the beginning
of their evolution while other diseases such as lupus or IgA nephropathies may result in any
of the changes.
On the other hand glomerulus lesions are categorized like the following (76,80)
Sclerosis:
-

usual:
collapsing:
tip lesion of FSGS:
secondary:

Crescent:
-

-

according to cellular and degree of fibrous:

cellular:

fibrocellular:

fibrous:
according to immune deposits:

mmune etiology:

pauci immune:

Proliferation:
-

-

mesangial with nodules

diabetic nephropathy

light chain deposition disease

membranoprolifrative glomerulonephritis

amyloidosis

idiopathic nodular sclerosis
mesangial without nodules

lupus nephritis

IgA nephropathy
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chronic infection related glomerulonephritis
mesangial without deposits

minimal change disease

focal segmental glomerulosclerosis

early diabetic nephropathy
mesangial and endocapillary

membranoprolifrative glomerulonephritis

prolifrative lupus nephritis

cryoglobulinemia glomerulonephritis

postinfectious glomerulonephritis

fibrillary glomerulonephritis

immunotactoid glomerulopathy

dense deposit disease

Unusual lesions:
foamy podocytes:
foamy macrophages intraglomerular:
It should be remembered that each specific histological pattern in light microscopy could be
seen in different diseases (10,74,77,80,81,83,84):
No abnormality:
normal glomerulus
no light microscopic changes

minimal change disease

thin basement membrane nephropathy
early lesion of glomerulus (near in all diseases)
Thick capillary walls only
membranous glomerulopathy
thrombotic microangiopathy
preeclampsia/eclampsia
fibrillary glomerulonephritis with capillary predominance of deposits
Thick walls with mesangial expansion without hypercellularity:
diabetic glomerulopathy
membranous glomerulopathy with mesangial deposits
amyloidosis
monoclonal Ig deposition disease
fibrillary glomerulonephritis
dense deposit disease
Focal segmental glomerulosclerosis:
minimal change disease
healing of previous glomerular injuries
hypertension
hereditary nephritis
chronic phase of focal glomerulonephritis
Membranous injury:
drug assumption like gold, penicillamin, mercury
systemic lupus erythematous
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chronic hepatitis B
underlying malignancy
Membranoprolifrative glomerulopathy:
membranoprolifrative glomerulonephritis
diabetic glomerulonephritis
thrombotic microangiopathy
fibrillary glomerulonephritis
immunotactoid glomerulopathy
systemic immune complex disease

systemic lupus erythematous

infectious endocarditis

hepatitis C

complement dysregulation

chronic thrombotic microangiopathy

monoclonal immunoglobulin deposition disease
As it is emphasized before, clinical information is very important and differential diagnoses
of diseases are possible based on those information.
According to serologic studies (74):
antistreptococcal antibody: poststreptococcal glomerulonephritis
anti nuclear antibody: lupus nephritis
anti GBM antibody: anti GBM antibody disease
circulating cryoglobulins: mixed cryoglobulinemia
antineutrophil cytoplasmic antibody: Wegner`s granulomatousis
According to decreased serum complement levels:
postinfectious glomerulonephritis
lupus nephritis
membranoprolifrative glomerulonephritis
mixed cryoglobulinemia
According to presence of acute renal failure:
idiopathic minimal change disease
collapsing focal segmental glomerulosclerosis
minimal change disease with acute interstitial nephritis of NSAIDs
crescentic glomerulonephritis
nephrotic syndrome secondary to monoclonal immunoglobulin deposition disease
because of myeloma casts
In addition to light microscopy, immunofluorescence could be helpful in many normal
morphology and also many conditions where there is thickening of membranous or
expansion of mesangial. It can help to determine the location and pattern of deposits and
composition of deposits.
Nowadays the routine antibodies which are used in immunoflourescent study are including
IgG, IgA, IgM, kappa, lambda, c3, c4, c1q.
Some diseases may be dismissed without immunofluorescence or immunohistochemistry
use, including light chain associated disease, IgA nephropathy, c1q nephropathy, anti GBM
disease, humeral (c4d) transplant rejection, and fibronectin glomerulopathy.
In electron microscopy, basement membrane changes such as split, existence and pattern of
deposits, fibrillary changes and also mesangial deposits can be diagnosed. Some diseases are
detected only by electron microscopy studies including but not limited to fibrillary/
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immunotactoid
glomerulopathy,
amyloidosis,
cryoglobulinemia,
monoclonal
immunoglobulin deposition disease, collagenofibrotic glomerulopathy, fibrinogen
glomerulopathy, Alport’s syndrome, dense deposit disease, thin glomerular basement
membrane nephropathy, lipoprotein glomerulopathy, and nail-patella syndrome. Electron
microscopy can differentiate between these diseases due to specific texture of deposits (10).

15. Tubular lesions
Kidney tubules in cortex and medulla have different architecture and also different cell
types. It is worth noting that cortical tubules have few interstitial tissues, compared to
medullary region.
Many changes could be seen in different renal diseases. these alterations are categorized
based on different point of views. Some of these are presented below.
First tubular changes introduced (10, 85):
Acute tubular cell injury
acute tubular necrosis (often coagulation necrosis/ usually secondary to toxins or
ischemia. Other changes in the cells are karyorrhexis, ballooning of cytoplasm,
detachment from basement membrane, loss of brush border, thinning, luminal dilation,
intraluminal different casts, especially cellular ones)
hyaline droplet formation (small to large droplets in lysosomes of tubular epithelium
because of altered permeability and absorption of proteins.)
vacuolar change (fine and diffuse appearance)

fatty change (cytoplasm with fine small vacuoles in base of epithelial cells in severe
proteinuria or nephrotic syndrome with hyperlipidemia, Reyes` syndrome, poisoning
with phosphorus or carbon tetrachloride. In non nephrotic syndrome, it is in favor of
Alport’s syndrome)

foam cells

hypokalemic nephropathy (coarse and irregular varied size vacuoles due to chronic loss
of potassium like laxative abuse, rectosigmoid polyps)

hydropic change ( in conditions with assumption of sucrose, manitol, dextrane, radio
opaque materials, IVIG and cyclosporine A)
pigmented in tubular epithelium
intranuclear inclusions (usually in immunosupressed patients infected by CMV or
polyoma virus and adenovirus and lead poisoning)
Tubular casts (principal histologic feature of light chain disease, myoglubolnuria,
hemoglubolinuria, oxalate nephropathy, urate nephropathy, nephrocalcinosis and drug
induced tubular lesions)

hyaline: renal failure or low urine output

WBC: tubulointerstitial inflammation

epithelial cell or granular: acute tubular injury

RBC: glomerular bleeding

large hyaline fractured: light chain casts (often accompanied by giant cells and
neutrophils)

coarse granular acidophilic or red brick: myoglobulin or hemoglobulin Tubular atrophy
(simplified epithelial cells with thickening of basement membrane)
Tubulitis (infiltration of inflammatory cells indicative of active tubulointerstitial
inflammation or nephritis or allograft rejection)

www.intechopen.com

Renal Biopsy Interpretation

59

Tubular basement membrane changes (in tubular atrophy, hereditary nephritis, diabetic
nephropathy, monoclonal immunoglobulin deposit, dense deposit disease)

16. Interstitium lesions
As it was mentioned in previous chapter, interstitium occupies small portion of kidney
tissue and is slightly larger in medullary region. This part of the kidney tissue becomes
affected primarily or secondarily in renal diseases. In many lesions of glomeruli, tubular or
vascular, interstitium also gets involved and shows pathologic features.
Interstitium is the main site that demonstrates pathologic findings in drug allergic reactions
and pyelonephritis (10).
Two main lesions are acute and chronic interstitium nephritis with the former showing
reversible infiltration of inflammatory cells accompanied with edema , and the latter
showing irreversible fibrosis and atrophy of other compartments.
Acute phase can heal or result in chronic phase and scarring.
The lesions of interstitium that can be observed in light microscopy are listed here (5 with
modification). No pathologic changes
normal kidney
no changes in the portion
early disease
Expansion and edema (due to increased permeability of vessels)
acute tubular necrosis
thrombosis of renal vein
nephrotic syndrome
acute glomerulonephritis
thrombotic microangiopathy
Expansion with eosinophilic material
fibrosis (chronic disease)
sickle cell anemia
radiation
amyloidosis
Expansion with leukocyte infiltration
interstitial nephritis with polymorphonuclear cells (infections, drug induced, sepsis)
lymphoplasmacytic (chronic nephritis, vasculitis, lupus nephritis, infections, rejection,
drug induced)
eosinophils (vasculitis, drug induced, lupus nephritis)
epithelioid cells/granuloma (tuberculosis, sarcoidosis, drug induced, malakoplakia)
Foam cells
Alport`s syndrome
prolonged nephrotic syndrome
Hemorrhagia
acute rejection
vasculitis
severe glomerulonephritis
malignant hypertension
Expansion with neoplastic cells
lymphoma/leukemia

www.intechopen.com

60

Topics in Renal Biopsy and Pathology

primary or secondary tumors
Crystals
calcium carbonate
calcium oxalate
uric acid
cholesterol
Fibrosis
chronic phase of inflammation
secondary to chronic lesions of other parts
It should be noted that in every pathologic changes in the interstitium, other parts should be
examined carefully, as usually there are changes of overall kidney tissue.

17. Vascular lesions
Kidney vessels are susceptible to many damages. Many immune complexes reach the
kidney through blood circulation and are filtered in glomeruli. Receiving about 20% of the
cardiac output, the kidneys are constantly exposed to the damaging elements which
circulate in blood.
The main injuries of vascular elements are listed here (5 with modification).
Vasculitis
in systemic injury of vessels
in local injuries of vessels due to toxins or infection or inflammation
Deposition of materials
amyloidosis
immune complexes
arteriosclerosis
Hypertension induced injuries
hypertrophy of media
intimal thickening
fibrinoid necrosis
thrombotic microangiopathy
fibrointimal hyperplasia
Endothelitis
drug induced
toxins
Thrombus
secondary lesion to endothelitis; may cause anemia and thrombocytopenia
Emboli
small parts of coagulated blood, fat or tumor cells usually in larger arterioles of the kidney
In summary, the importance of clinical characteristics and laboratory results in pathologic
assessment of renal biopsies should be stressed. Proper diagnoses can be achieved using
light microscopy, electron microscopy and immunofluorescence study of biopsies, in
addition to integration of all clinical, laboratory and pathologic data. (10)
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