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Kidney: Renal Function Testing & Renal Failure
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.
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
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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
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
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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.
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.

•
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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+
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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:
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
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
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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 acutely with acute tubular necrosis and
chronically in kidney transplant rejection.
- 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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Chronic Renal Failure
-

-

-
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This is the common end pathway for all progressive kidney diseases.
In the USA, the commonest causes are:
o Diabetes mellitus (44%)
o Hypertension (25%)
o Glomerulonephritis (15%)
Autosomal dominant polycystic kidney disease (ADPKD) is the commonest hereditary
cause of end stage kidney disease (ESKD), accounting for as much as 5-8% of cases.
Progression of kidney disease is staged by the eGFR.

The normal eGFR is about 125 mL/min in males and 100 mL/min in females.
Serum creatinine will not start to rise until Stage 3 disease (i.e. creatinine is specific but
not sensitive).
Symptoms do not appear until Stage 4 disease (<30 mL/min)
o Fatigue arises from the hypoproliferative anemia of decreased erythropoietin .
o Hypertension arises from hypervolemia.
Inevitable progression starts in Stage 3 disease (<30 mL/min)
o With the progressive loss of glomeruli, the GFR is initially sustained by
compensatory hypertrophy of the remaining glomeruli.
o When fewer than one-half of the glomeruli remain, GFR can only be sustained by
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, with a pathologic feedback loop
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.
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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.
End Stage Kidney Disease (ESKD)
-

This is seen when the GFR < 15 mL/min (i.e. Stage 5).
It leads to death within months if not treated by dialysis or transplantation.
Pathophysiology:
o This is a common end pathway for all causes.
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)

7

© 2020, ClinicoPath LLC. All rights reserved.

www.MedicalSchoolCompanion.org
-

Presentation: Uremic syndrome

-

Diagnosis:
o The elevation of BUN & creatinine is called azotemia.
o Urine sediment shows broad waxy casts.
o Once azotemia is recognized, renal function is staged by the eGFR.
Natural history
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 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.

-
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Kidney: Renal Function Testing & Renal Failure
Do You Know It?
1. Describe the use of serum creatinine versus the eGFR.

2. What is the concentration effect in dipstick urinalysis and how can it be mitigated?

3. Name 2 diseases screened for proteinuria.

4. What is the significance of a:
a. RBC cast
b. WBC cast
c. RTC cast
5. What are the commonest causes of ESKD in the USA?

6. Describe the stages of renal failure
a. What is meant by “inevitable progression” starting in Stage 3?
b. When are the first clinical symptoms seen?

7. Describe uremia
a. How is it different from azotemia?
b. What are “renal failure” casts?
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