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Pathology of the kidney: Renal failure

-

-

Renal failure is represents the inability of the kidney to maintain its key homeostatic roles
of:
o Regulation:
 Water volume, both total body water and intravascular volume
 Osmolarity of body fluid
 Serum electrolytes (Na+, K+, Cl-, Ca+2, others)
 Acid-base balance
 Clearance of waste
o Endocrine:
 Erythropoietin
 Renin
 Vitamin D3 (calcitriol)
Chronic renal failure (CRnF) is defined as failure occurring over >12 weeks. It is the common
end pathway for all chronic progressive kidney disease.
o It is characterized by an irreversible loss of nephrons.
o Rapidly progressive renal failure occurs in <12 weeks. It is most commonly
associated with granulomatosis with polyangiitis (GPA, formerly known as
Wegener’s syndrome) and Goodpasture disease.
Acute renal failure presents as oliguria. This is defined as urine production <400-500 mL/24
hours. It will be discussed later as a separate topic

Pathophysiology of chronic renal failure (CRnF):
o While there are a large number of causes of CRnF, most will eventually affect the
glomerulus. This means that glomerular filtration rate (GFR) works well as measure of
overall kidney function.
o With the progressive loss of glomeruli, the GFR is initially sustained by the adaptive change
of compensatory hypertrophy of the remaining glomeruli. In addition, each glomerulus has
a higher intraglomerular pressure to create adequate urine production.
o When less than one-half of the glomeruli remain (i.e. Stage 3), GFR can be sustained only by
progressively increasing the intraglomerular pressure. Over years, this leads to patchy
rupture of the functioning glomeruli, a pathologic process called focal and segmental
glomerulosclerosis (FSGS).
o FSGS leads to further loss of GFR and inevitable progression.
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o Tubulointerstitial fibrosis follows glomerulosclerosis due to the loss of blood supply to the
tubules. Tubules are perfused by the continuation of the flow from the efferent arteriole.
This is lost when the glomerulus is fibrotic.
o Progression due to FSGS can be slowed using ACE inhibitors, which cause vasodilation of the
efferent arteriole, leading to a decrease in the intraglomerular pressure.
o Progression of renal failure can be followed using the GFR, specifically the eGFR calculated
from the serum creatinine (see Testing, below). Failure is divided into 5 stages.

o The normal eGFR is about 125 mL/min in males and 100 mL/min in females.
o Serum creatinine will not start to rise until Stage 3 disease (i.e. creatinine is specific but not
sensitive).
o Inevitable progression starts in Stage 3 disease (<60 mL/min) due to FSGS (see above).
o The first symptoms appear in Stage 4 disease (<30 mL/min)
o Fatigue arises from the hypoproliferative anemia of decreased erythropoietin .
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o Hypertension arises from hypervolemia.
o End Stage Kidney Disease (ESKD)
o Defined as a GFR < 15 mL/min (i.e. Stage 5).
o It leads to death within months if not treated by dialysis or transplantation.
o Pathology:
o This is a common end pathway for all causes. Evaluation of the kidney does not
allow diagnosis of the etiology.
o There is a shrunken, scarred kidney by imaging.
o Biopsy shows sclerotic glomeruli and dilated tubules (see image).

Broad waxy cast
(aka renal failure
cast)

o ESKD affects most organs, a pattern called the uremic syndrome
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Etiology of chronic renal failure in the United States:
o Diabetes mellitus (44%)
o Hypertension (25%)
o Glomerulonephritis (15%)
o Autosomal dominant polycystic kidney disease, ADPKD (5-8%), the commonest
hereditary cause of ESKD.

Presentation of ESKD
Uremia is a syndrome (i.e. a collection of signs and symptoms from a single pathology).
Most of the patient complaints are non-specific and require laboratory testing to
establish a renal origin.
o Cardiomyopathy…………………………….shortness of breath
o Pericarditis……………………………………..chest pain
o Gastrointestinal……………………………..abdominal pain, constipation
o Mental changes……………………………..confusion → coma
o Anemia……………………………………….….fatigue
o Muscle wasting……………………….……. weakness
o Increased plasma volume……….………edema
o Platelet dysfunction……………………….bleeding disorder
Testing
o BUN and creatinine: in CRnF, an increased urea (BUN) and creatinine are called
azotemia.
o GFR is calculated as the eGFR from the serum creatinine (see below)
o Urine sediment shows broad waxy casts (see image, above).

-

-

-
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o Patients with chronic renal disease have an increased risk of cardiovascular disease,
independent of underlying diabetes or hypertension.
o Most patients will have hypertension, due in part to hypervolemia
 Hypertension should be treated with ACE inhibitors for their additional
benefit in the glomerulus.
 Aggressive treatment of hypertension leads to a drop in eGFR. Most doctors
treat the systolic pressure to a point that maximally decreases the
proteinuria.
o Renal replacement therapy (i.e. dialysis or transplant) should be planned for starting
in Stage 4 disease. It should be implemented with any symptoms from uremia.

Structure of the kidney
- Regional view: CT scan, transverse view, T12-L2
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o This is a key view of the abdomen as it encompasses the pancreas.
 T12: level of the celiac axis. The IVC (4) shows the splenic vein. There is
prominent liver tissue and the right kidney is smaller as it is pushed down by
the liver mass and only the superior portion is seen.
 L1-2: level of the SMA. Liver is usually absent
o Stomach (4) is identifiable by its gas bubble from swallowed air.
o The vertebral pedicle (7a) is important in cancer complications. Boney metastases
can cause a pathologic fracture that will collapse and compress the spinal cord.
o The vertebral lamina (7b) forms the roof of the spinal canal. Laminectomy is used to
allow for shaping of the intervertebral disc in herniation or to relieve pressure in
diseases like spinal stenosis.
o The ribs angle obliquely from the thoracic vertebrae and so only the ends are seen in
transverse section.
-
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Internal structure
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Kidney divides into cortex and pelvis
1. The cortex and medulla are the parenchyma of the organ. That is, they are the
portion that performs the specialized function of filtration. Neoplasms from the
tubular cells form renal cell carcinomas. It is uncommon for these cancers to
invade into the pelvis, so they do not commonly present as hematuria.
2. The pelvis is usually referred to as the pelvicocalyceal system. A single pyramid
drains into a minor calyx, while several minor calyces form a major calyx. This
system is lined by urothelium, and so it forms urothelial cell carcinomas (aka
transitional cell carcinomas). As these connect to the bladder, they usually
present as painless hematuria.
The pelvis connects to the ureter at the ureteropelvic junction (UPJ), “F” in the image.
This is a site of congenital narrowing, causing stenosis. It is also the first narrowing of
the urine drainage system and is a common site for kidney stones to lodge.
The pyramid (D) is named because it is grossly visible. It is mostly composed of the loop
and collecting tubules.
The column is the tissue found between the pyramids. It has no particular distinction,
being mostly composed of elements of the nephron.
In CT scans of the kidney, it is possible to get tangential “cuts”. These give a distinctive
appearance that needs to be correlated to the conventional autopsy view (Long and
Short axis views in the image).

Internal Structure of the Kidney: Blood supply
-

-
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The kidneys are not usually involved in aortic atherosclerosis (A in the image). More
than 80% of abdominal aortic aneurysms occur below the level of the renal arteries.
The renal arteries (B) are commonly involved by atherosclerosis (RAS), which usually
occurs near the proximal end. When there is >70% occlusion, patients develop resistant
hypertension.
Arterioles form the blood supply past the arcuate arteries at the corticomedullary
junction (C in the image). They develop hyaline arteriolosclerosis which causes
nephrosclerosis. The natural history of nephrosclerosis is one of gradual decline in GFR,
resulting in chronic renal failure. The first presentation of this is when GFR is <30
mL/min (Stage 4 failure) and patients develop anemia due to decreased erythropoietin
(fatigue) or increased blood volume due to decreased filtration (resistant hypertension),
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Architecture of the kidney: the pyramid
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Strictly defined, the papilla refers to the grossly visible triangular tissue seen in the
medulla. Including the overlying cortex and its nephrons, however, lets one appreciate
the architecture of the kidney. Glomeruli can be seen with the naked eye in fresh
kidney; they look like small carnations. This matters in assessing the adequacy of kidney
biopsies, although dissecting microscopes are used to enhance the magnification. These
glomeruli rupture in hypertensive emergency and their gross appearance on the renal
cortex is called “rat-bitten”.
Clinical pathologic correlation of the pyramid
1. Hyaline arteriolosclerosis, a pathologic process of small arteries and arterioles,
occurs in the kidney at the level of the radial artery (aka intralobular artery).
Stenosis and occlusion are subclinical events as the amount of tissue lost is so
small. Enough tissue loss, over a period of years to decade, results in chronic
renal failure. This pathologic process is called nephrosclerosis, from the fibrosis
following cell death.
2. The tubules and interstitial tissue are perfused by arterioles downstream from
the glomerulus. This means that damage to the glomerulus, which results in
glomerulosclerosis, will inevitably cause ischemic damage to the tubule and
progression of renal failure. This pathologic process is called tubulointerstitial
fibrosis. The glomerulus and tubules are inseparably linked, and pathology of the
glomerulus will result in damage to the tubules.
3. The tubules secrete Tamm-Horsfall protein. This is of uncertain function, but
when there is slow urine flow in the tubule, it forms a gel (as does any protein of
high enough concentration in water). This gel takes on the shape of the tubule,
forming a cast. Any cell present in the lumen is trapped in the cast, forming a
cellular cast. These are highly useful in renal disease, functioning as an indirect
“biopsy” of the kidney.
 RBC cast…………………glomerulonephritis
 WBC cast……………….acute pyelonephritis
 RTC cast………………..acute kidney injury (aka acute tubular necrosis)
 Muddy brown cast are degenerating renal tubular casts.
4. Urinary tract infections start with colonization of the distal urethra. This occurs
commonly in females as the urethra is close to the anus in the perineum. In
males, there is usually some obstructive process: BPH in old males and
congenital defect in children. The E. coli ascends the tract and enters the kidney
via the orifice of the collecting tubule in the papilla. In the distal convoluted
tubule, it incites acute inflammation. The responding neutrophils move into the
lumen where they get trapped in casts. Leukocytes casts are pathognomonic of
acute pyelonephritis.
5. The papilla of the pyramid is vulnerable to necrosis because it is at the distal end
of perfusion and it has a hyperosmolar environment. Papillary necrosis is seen in
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diabetes mellitus, pyelonephritis, sickle cell anemia and with NDAID use. It
presents with pain and hematuria.

Tissue architecture of the kidney: the nephron

-

The nephron has 2 self-regulatory mechanisms for glomerular blood flow, which
determines GFR:
•
Myogenic reflex:

The smooth muscle cells of the afferent arterioles respond
to systolic pressure. As systolic pressure increases, smooth muscle
vasoconstriction maintains a constant glomerular pressure.

In hypertensive emergencies, systolic pressures >180-200
mmHg overwhelm this protective mechanism. Intraglomerular
pressure becomes the same as systolic pressure, rupturing the
glomeruli. These hemorrhagic can be seen on the surface of the
kidney, called “flea-bitten”.
•
Tubuloglomerular reflex:

The macula densa of the distal convoluted tubule monitors
both the urine flow and chloride concentration of the filtrate
through a modified NaK2Cl channel. When flow and chloride
decrease, the macula densa cells release adenosine,
prostaglandins and renin to maintain intraglomerular pressure
and GFR (see below: Regulation of urine production).

Structure of the nephron
-
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Each segment of the nephron has a specialized function with different regulatory
mechanisms. Each should be considered separately.
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The Glomerulus
-
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The site of filtration, it filters all components except proteins and cells. The tubules then
reabsorb or secrete the filtered components according systemic and local regulation.
Cellular structure (see image below):
• The afferent arteriole (3) is surrounded by smooth muscle cells (4). These effect
the myogenic reflex (see above) and local vasoconstriction for regulation of GFR
(see below).
• The smooth muscles surrounding the efferent arteriole (6), have numerous ATII
receptors while the smooth muscle cells of the afferent arteriole (4) do not. This
underlies the tubuloglomerular reflex in which the GFR can be increased by
increasing the intraglomerular pressure (see below).
• The cells that line Bowman’s space are called parietal cells of Bowman’s capsule.
When stimulated by fibrinogen in rapidly progressive glomerulonephritis, they
proliferate, forming crescents. The podocytes (8) form the visceral layer.
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Regulation of urine production
A. Central (CNS): sympathetic nervous system (7)
• The nucleus tractus solitarius NTS) in the medulla is stimulated by the
baroreceptors in the aorta (CN X afferents) and carotid sinus (CN IX afferents).
• The hypothalamus is stimulated by volume receptors in large veins and atria. The
hypothalamus signals the NTS and releases ADH.
B. Local
• The macula densa measures both flow rate through non-motile cilia and [Cl-]
through a modified NaK2CC transporter.
• When low GFR is identified by a ↓flow and a ↓[Cl-], as there is increased
absorption upstream, GFR is increased by increasing hydrostatic pressure. This is
accomplished by vasodilation of the afferent arteriole and vasoconstriction of
the efferent arteriole.
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The cells of the macula densa release PGE2, which signals the renin-secreting
cells to release renin. This starts the cascade that increases ATII and
aldosterone (RAAS).
o The afferent endothelial cells release NO and decrease adenosine
production. Together with the PGE2, NO causes vasodilation of the
arteriole through the smooth muscle cells.
o The efferent smooth muscle cells have abundant ATII receptors (Gq),
which together with the endothelin (also Gq), cause vasoconstriction.
o The resulting increase in the intraglomerular pressure increases the
GFR.
o ATII also causes peripheral vasoconstriction through the ATII receptor
and the aldosterone increases blood volume.
C. Clinical pathologic correlation:
• Patients with borderline renal function, common in diabetes mellitus. Should not
take over-the-counter NSAIDs. These inhibit COX which is necessary for PGE2
synthesis. The decrease in PGE2 decreases the vasodilation of the afferent
arteriole, which then decreases the intraglomerular pressure, with a decrease in
GFR leading to renal failure.
• Patients with GFR < 30 mL/min (i.e. Stage 3 failure) develop inevitable
progression due to focal segmental glomerulosclerosis from the elevated
intraglomerular pressure (see compensatory hypertrophy in: Kidney: Renal
function Testing and Renal Failure). To slow this process down, these patients
are place on ACE-I. The decreased vasoconstriction in the efferent arterioles
lowers intraglomerular pressure.
•

The glomerular filtration barrier
-

13

This trilaminar structure is a single functional unit. It is composed of:
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•
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Endothelial cells: these are fenestrated, which means that there are tunnels
through the cytoplasm, filled with a glycocalyx. These pores account for about
one-half of the resistance to filtration. They are selective and help exclude albumin
from perfusion.
 Dysregulation of fenestrae is well characterized in preeclampsia
 Damage to endothelial cells is part of the cause of albuminuria in
diabetes mellitus.
 Fenestrated endothelium is also found in the vasculature of endocrine
glands
Basement membrane: this is negatively charged, making it a key structure in
selective filtration of albumin.
 Thickening of the basement membrane is the first visible pathology of
diabetes mellitus and is associated with albuminuria.
 Defective Type 4 collagen gives rise to an abnormal basement membrane
in Alport disease.
 Antibodies to the α3 chain of Type 4 collagen is seen in Goodpasture
disease.
Slit membranes between the pedicels of the podocytes: the foot processes of the
podocyte (also called pedicels) form tight junctions around the capillaries of the
glomerulus. There are slit membranes between these processes made of multiple
proteins, including nephrin, that are selective for macromolecules, especially
globulins.
 Abnormal foot processes are seen in minimal change disease.
 Immunoglobulins are too large to filter through the glomerulus. Light
chains do filter through. In multiple myeloma, the immunoglobulin is
found in the plasma, but not the urine. 90% of myelomas produce an
excess of light chain and these can be found in the urine, where they are
called Bence-Jones protein.
 Light chains are not detected by dipstick, which only identifies albumin.
One must order a separate urine protein assay.
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The tubules
Summary of tubular function:

15

© 2020, ClinicoPath LLC. All rights reserved.

www.MedicalSchoolCompanion.org
Correlation of tubular architecture with diseases and drug actions:
-

the nephron can be used as a template for many important diseases and drugs.

Diseases:
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Drugs:

The Nephron: testing the functional components
-

-
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Serum creatinine is a good enough test of overall kidney function. Any disease that
affects the glomerulus causes glomerulosclerosis and that impairs blood flow in the
efferent arteriole, which supplies the tubules (for more, see: Kidney, Structure &
Function).
Serum creatinine level depends on muscle mass. Creatinine should be converted into
the eGFR to compensate for an individual’s difference in musculature.
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Pathology of the glomerulus causes impairment of the filtration unit, allowing for
albuminuria. This is critically important in diabetes mellitus, as the advanced
glycosylation end products (AGEs) from glycosylated proteins cause damage to the
filtration membrane. DM causes 40% of end stage kidney disease in the US.

-

Isolated damage to the tubules occurs with hypoperfusion and results in acute renal
failure, which presents as oliguria. The most metabolically active tubules, the PCT and
the TAL are most severely affected. The differential diagnosis of oliguria includes
prerenal, renal and post renal causes. There are 4 tests used to establish whether to
give or restrict fluids.
Urine pH has 2 important uses. In renal tubular acidosis (RTA) type 1, urine pH does not
go below 5.5. Urine pH is also used in preventing recurrent kidney stones. Patients with
uric acid stones need to maintain an alkaline pH while those with struvite stones need
an acidic pH.
Urine osmolality (UOsm) is not only used in acute renal failure (i.e. oliguria) to
differentiate prerenal from renal causes, but also in the differential of hyponatremia.
UOsm is compared to the normal serum osmolality of ≈300 mOsm/mL. Polydipsia has a
UOsm < 100 while in SIADH, UOsm is > 300 mOsm/mL.

-

-

General Renal Function
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A. Serum Creatinine and eGFR
o Creatinine is the metabolic breakdown product of creatine. Creatine is the protein
that stores high energy phosphates in muscle cells for replenishment of ATP via
creatine kinase.
 Ingestion of creatine supplements will increase serum creatinine levels.
o Creatinine is 100% filtered and 10% secreted by tubules. It can be used to calculate
GFR, but the 10% secretion gives a slightly elevated level.
o Creatinine levels reflect the creatine levels in muscle. Muscle mass varies by age
(↓ in elderly), gender (lower in females), ethnicity (higher in African Americans)
and size (usually estimated using weight). Complex formulas are used to
standardize these factors for individuals, giving an estimated glomerular filtration
rate (eGFR).
o Serum creatinine levels only rise
slowly in acute renal failure, which
can be diagnosed when levels
increase:
 > 0.3 mg/dL over 48 hours
 > 1.5X baseline over 7 days.
o Serum creatinine is specific but not
sensitive to renal failure. It will not
rise until there is <50% GFR. An
elevated creatinine level is
diagnostic of renal failure.
o GFR decreases with age, about
1mL/min/year after age 30 years.
This does not give an elevated creatinine.
B. Blood Urea Nitrogen (BUN)
a. Urea is produced in the liver during the deamination of amino acids in the liver.
i. Alanine in gluconeogenesis
ii. Glutamine in ammonia clearance
b. Urea is mostly passively absorbed and so it generally follows water in the
tubules.
c. BUN starts to rise when GFR < 50% (about 60 mL/min).
d. BUN adds little in evaluating general renal function. It has significant limitations:
i. It rapidly rises in dehydration, as it follows water.
ii. It is affected by diet, rising with ingestion of meat, with its high amount
of amino acids that end up in gluconeogenesis.
iii. It is elevated in catabolic states due to increased amino acid metabolism
and gluconeogenesis.
iv. Bleeding in the gut causes a rise in BUN due to bacterial metabolism of
the proteins.
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C. Urine dipstick
- Dipsticks are a dry chemistry that use colorimetric changes. It is only a screening
technique that is often corroborated by fluid chemistry. There are many
different assays available by dipstick, of which five are crucial:
1. Specific gravity (SG)
• SG measures the density of a fluid and so it correlates with concentration
and osmolality.
• SG does not allow one to know the patient’s state of hydration but rather
whether they are conserving or eliminating water. Normal serum has a
SG of 1.010, so SG less than this denotes water clearance.
o In the prevention of recurrent kidney stones, patients can confirm
overhydration by keeping their urine SG < 1.010.
• The density of water is 1.000 and the highest achievable SG is 1.035.

•

•

Knowing the concentration of urine (i.e. SG) is important in assessing the
significance of other dipstick findings. For example, does a finding of 1+
proteinuria denote disease?
o Normal protein loss is <150 mg/day ( or 30 mg/day of albumin)
o Dipsticks are calibrated to:
o “trace” = 150 mg/L
o “1+” = 300 mg /L
o Scenario A: dilute urine in kidney disease
o 600 mg/day of protein indicates a disease state.
o 2 L of water intake = 2 L day of urine
o 600 mg/day ∕ 2 L/day = 300 mg/L = dipstick 1+
o Scenario B: concentrated urine in normal patient
o 150 mg/day of protein
o 500 mL of water intake = 500 mL/day of urine
o 150 mg/day ∕ 500mL = 300mg/L = dipstick 1+
This problem of concentration effect is usually avoided by measuring a
protein/creatinine ratio.

2. Protein
• A sensitive and specific marker of glomerular disease.
o >2 gm/day can only be due to glomerular disease
o >3.5 gm/day is diagnostic of nephrotic syndrome.
• Screening for protein is routine in:
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o Pregnancy: pre-eclampsia
o Diabetes mellitus after >5-10 years
o Normal urine has less than 30 mg/day of albumin. Regular
dipsticks are set to be 1+ at 300 mg/day.
o Diabetics should be screened using special dipsticks with a
sensitivity of 30-300 mg/L, the range of
“microalbuminuria” (a legacy term from a time when tests
for urine albumin were not sensitive).
o Even these dipsticks underestimate the albumin, as much
of it is fragmented on filtration and not detected by
dipstick. Patients should also be routinely screened using
quantitative assays.
o When proteinuria is detected, aggressive management is
indicated: ACE-I, strict control of LDL, BP and HbA1c.

3. Blood
• DDx of upper urinary tract (i.e. kidney) and lower urinary tract (i.e.
bladder).
• RBC casts are pathognomonic of glomerulonephritis.
• Commonest causes of lower urinary tract hematuria are:
o Infection
o Stone
o Neoplasm
4. Leukocyte esterase (LE) & nitrite
• LE is found in neutrophils, so a positive test = pyuria
• Nitrites indicate anaerobic bacteria = bacteriuria
o In anaerobes, nitrate is the final electron receptor in energy
metabolism (as opposed to O2). Nitrate is converted to nitrite by
nitratase, found in anaerobes. Enterobacteriaceae are the
commonest anaerobe, and E. coli the commonest of these.
D. Urine Sediment
- Fresh urine can be centrifuged, and the resulting sediment examined by a
microscope. This morphology, compared to the chemistry of the dipstick, is the
same as the peripheral blood smear (PBS) compared to the complete blood
count (CBC).
- Cells:
i. RBCs: DDX hematuria; look for hemoglobin by dipstick
ii. WBS: DDx pyuria; look for LE(+) by dipstick
iii. RTC: renal tubular cells are seen with acute tubular necrosis (i.e. oliguria)
and chronically in kidney transplant rejection.
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Casts: these are formed by Tamm-Horsfall protein in the distal convoluted tubule
when slowing of urine flow allows for gel formation.
A cast is defined as a tubular
i.
Hyaline cast: commonly seen when there is any slowing of urine
structure with 2 parallel sides and
flow. Are not pathologic.
a right-angled end. These are RBC
ii.
Broad waxy cast: seen in chronic renal failure due to the atrophic
casts
dilation of tubules (see: Chronic Renal Failure, to follow)
iii.
Cellular casts: these are the most significant findings in renal
function testing as they are can only be formed in the kidney and are
equivalent to a mini-biopsy.
1. RBC cast: glomerulonephritis
2. WBC cast: pyelonephritis
3. RTC cast: acute tubular necrosis (acute renal failure). Muddy
brown casts represent degenerating RTC casts.

-

Crystals:
i. Only the hexagonal crystals of cystinuria are
pathognomonic for stones.
e. Imaging
i. Ultrasound is the usual screening tool used in the
emergency room. It is cheap, convenient and readily available. It has
adequate sensitivity for stones, about 70%
ii. CT and MRI scans are diagnostic and staging tools for neoplasms.
iii. Magnetic resonance angiography (MRA) is the present test for renal
artery stenosis and other vascular pathologies.
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Acute renal failure
•

•

While it occurs over hours to days, it is defined by the decrease in urine output of < 400500 mL / day.
1. There is a range in the volume as different institutions use different numbers.
2. Chronic renal failure is defined as occurring over > 3 months.
3. Rapidly progressive renal failure occurs in < 3 months. This is associated with
glomerular crescents on renal biopsy and is most often seen in polyangiitis with
granulomas (formerly known as Wegener syndrome) and Goodpasture disease.
Oliguria occurs when there is simultaneous tubular injury and the tubular cells all detach
(i.e. slough) together, resulting in luminal occlusion. This occurs in a setting of
vasoconstriction from pathologic tubuloglomerular feedback.

If the tubular dysfunction occurs over days, such as with IV aminoglycoside toxicity,
there is no oliguria. The renal failure could only be appreciated acutely by measuring
GFR (i.e. serum creatinine) .
• There are 3 types of acute tubular injury:
Post-operative oliguria
1. Pre-renal azotemia: caused by an inadequate renal blood flow without
can occur due to serum
underlying damage to the kidney. Function can be restored to normal by
inappropriate ADH
correcting the hypoperfusion. Commonest causes include:
syndrome. This can be
A. Hypovolemia
recognized by the
B. ↓cardiac output
patient’s hyponatremia
C. NSAIDS (due to dilation of the afferent arteriole)
and will not be a further
2. Renal azotemia
part of this discussion.
•
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•

•
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A. Due to intrinsic renal tubular damage. Tubular injury, usually acute
tubular necrosis (ATN), occurs in the most metabolically active
segments, the proximal convoluted tubule (PCT) and thick ascending
limb (TAL).
B. The commonest causes of damage are ischemia, infection and
nephrotoxins.
3. Postrenal obstruction
A. As the obstruction must involve both kidneys, it usually occurs in the
bladder neck (e.g. anticholinergic drugs or benign prostatic
hyperplasia) or the urethra (e.g. obstruction in the Foley catheter).
B. Diagnosis is usually by imaging.
The key differential diagnosis lies between prerenal and renal azotemia, as obstruction
can be excluded by ensuring that the Foley catheter is patent. Prerenal azotemia
requires fluids while the renal azotemia requires fluid restriction to prevent overload.
Tests to differentiate prerenal from renal azotemia.
1. Urine sediment
• Sloughing of the tubular cells results in the formation of renal tubular cell
casts if fresh and granular muddy brown casts if there is degeneration.
2. BUN/creatinine ratio
• In kidney hypoperfusion, there is avid recovery of electrolytes and water.
Urea passively follows this reabsorption within hours, raising the serum urea
level (i.e. BUN or blood urea nitrogen).
• By comparison, creatinine is still produced by breakdown of creatine and
does not rise for more than a day.
• In prerenal azotemia, the BUN/creatinine ratio with be > 30, while in renal
azotemia, it will remain ≈ 15.
3. Urine electrolytes:
A. Urine sodium (UNa+)
• Prerenal azotemia has avid resorption of water and electrolytes and
the urine [Na+] will be <10mEq/L (reference range U[Na+] > 20 mEq/L)
B. FENa+
• This measures the percentage of sodium excreted compared to
amount filtered. It is calculated by this formula, which few remember:
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Where V =urine volume and
•

𝑈𝑈⋅𝑣𝑣
𝑃𝑃

= creatinine clearance

Most just remember that if FENa+ < 1%, most of the sodium has been removed from the
urine, which means that the tubules are functioning and it is a prerenal problem, therefore
give fluids.
4. Urine osmolality
A. Normal serum osmolality is 285-295 mOsm/L. Urine becomes
concentrated when water is extracted by ADH stimulation of
aquaporin 2 channels. This allows passive flow of intratubular water
to the hyperosmolar medulla. The high osmolality of the loop is
created by the countercurrent multiplier system created by the
NaK2Cl channel of the TAL.

For the urine osmolality to be > 300 mOsm/L, there must be a working TAL segment, therefore
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