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Renal functions tests: Functions of kidneys, clearance -

urea, creatinine and inulin clearance test. Tests for renal

blood flow – Para amino Hippuric acid (PAH) test and

filtration factor. Tests for tubular function- concentration

and dilution tests.
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Controlling acid-base balance

The normal pH of the blood is 7.35 to 7.45. To maintain this healthy range, the

kidneys excrete acids and bases when there’s an excess of them, or retain these

compounds when the body is lacking them.

Controlling water balance

The kidneys are one of the body’s main ways to maintain a stable water balance. By

regulating the volume of urine they produce, the kidneys adapt to one’s hydration

level. When you drink a lot, the kidneys produce more urine, and the opposite

happens when you are dehydrated.

Maintaining electrolyte balance

The kidneys filter some electrolytes from the blood, return part of them back into

circulation, and excrete excess electrolytes into the urine. The levels of electrolytes

like sodium and phosphate are largely dependent on the health of one’s kidneys.
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Removing toxins and waste products from the body
The kidneys filter out water-soluble waste products and toxins, flushing them

out of the body with urine. Kidney failure quickly leads to severe intoxication,

as the body’s waste products build up and impair its functions.

Controlling blood pressure
The kidneys produce an enzyme called renin. Renin converts the

angiotensinogen produced in the liver into angiotensin I, which is later

converted in the lungs into angiotensin II. Angiotensin II constricts the blood

vessels and increases blood pressure as a result. On the other hand, when

one’s blood pressure is too high, the kidneys produce more urine to reduce

the volume of liquid circulating in the body and somewhat compensate the

high blood pressure.

Producing the hormone erythropoietin
The kidneys produce a hormone called erythropoietin. The main function of

this hormone is to help the body create more red blood cells (erythrocytes),

which are essential for the transport of oxygen throughout all the tissues and

organs.

Dr.Anjum A                                                             18.01.2021



Activating vitamin D

The kidneys transform calcifediol into calcitriol, the active form of

vitamin D. Calcitriol circulates in the blood and plays a vital role in

regulating calcium and phosphate balance in the body, which is

essential for healthy bone growth.
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CLASSIFICATION OF RENAL FUNCTION TESTS

I. Tests based on Glomerular filtration :

• Urea clearance test

• Endogenous creatinine clearance test

• Inulin clearance test

II. Tests to measure Renal Plasma Flow (RPF) :

• Para-amino hippurate test (PAH)

• Filtration fraction

III Tests based on tubular function :

• Concentration and Dilution tests

• 15 minute-PSP excretion test

• Measurement of tubular secretory mass
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Renal function test • The following parameters are commonly included in

assessing renal function (the normal values/reference range is mentioned)

• Serum Urea ( 15-45 mg/dl)

• Serum Creatinine (0.6 – 1.2 mg/dl)

• Serum Uric acid (males 3.5-7.2 mg/dl, females 2.6-6 mg/dl)

• Total protein (6.4-8.1 g/dl)

• Serum albumin (3.2-4.6 g/dl)

• Serum electrolytes

• Na (136-146 mEq/L)

• K (3.5-5.1 mEq/L)

• Cl (101-109 mEq/L)

• Phosphate (2.8-4 mg/dl)

• Calcium (8.8-10.2 mg/dl)
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Endogenous Creatinine Clearance Test 

At normal levels of creatinine, this metabolite is filtered at the glomerulus, but is

neither secreted nor reabsorbed by the tubules.

Hence, its clearance gives the GFR.

This is a convenient method for estimation of GFR since:

• It is a normal metabolite in the body.

• It does not require the intravenous administration of any test material.

• Estimation of creatinine is simple.

Measurement of 24-hour excretion of endogenous creatinine is convenient.

This longer collection period minimizes the timing error.

Procedure of the Test

1. An accurate 24-hour urine specimen is collected ending at 7 AM and its

total volume is measured.

2. Collect a blood sample for serum creatinine determination.

3. Estimate the serum and urinary creatinine concentration.

Result : Ccr = UxV / P

Where, U = Urine creatinine concentration in mg/dl

P = Serum creatinine in mg/dl

V = Volume of urine in ml/mt.

Normal values: for creatinine clearance varies from 95 to 105 ml/mt
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Inulin Clearance Test 

Inulin, a homopolysaccharide, polymer of fructose is an ideal substance as:

• Not metabolised in the body,

• Following IV administration, it is excreted entirely through glomerular filtration, being

neither excreted nor reabsorbed by renal tubules.

Hence the number of ml of plasma which is cleared of inulin in one minute is equivalent

to the volume of glomerular filtrate formed in one minute.

Procedure of the Test

1. Preferably performed in the morning. Patient should be hospitalised overnight and

kept reclining during the test.

2. A light breakfast is given consisting of 1/2 glass milk, one slice toast can be given at

7.30 AM.

3. At 8 AM, 10 gm of inulin dissolved in 100 ml of saline, at body temperature, is

injected IV at a rate of 10 ml per minute.

4. One hour after (9 AM) the injection, the bladder is emptied and this urine is discarded.

5. Note the time and collect urine after one and two hours. Volume of urine is measured

and analysed for inulin content.

6. At the mid-point of each collection of urine, 30 and 90 minutes after the initial

emptying of bladder, 10 to 15 ml of blood is withdrawn (in oxalated bottle), plasma is

separated and analysed for inulin concentration.
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Calculation and result:

Cin = UxV / P

Values obtained of two samples of blood is averaged.

where U = mg of inulin/100 ml of urine

V = ml of urine/mt

P = mg of inulin/dl of plasma (average of two samples).

Normal average: Inulin clearance in an adult (1.73 sq m) = 125 ml of

plasma cleared of inulin/mt

Range = 100 to 150 ml.

Note

• To promote a free flow of urine, one glass of water is given at 06.30

AM and repeated every ½ hour until the test is completed. This step may

be eliminated if administration of fluid is contraindicated.

• Inulin clearance test is definitely superior for determination of GFR

but requires tedious and intricate chemical procedure for determination.
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Urea Clearance Test 

Ambard was the first to study the concentration of urea in blood and relate it to

the rate of excretion in the urine

At present, the blood/plasma urea clearance test of van Slyke is widely used.

Blood urea clearance is an expression of the number of ml of blood/plasma

which are completely cleared of urea by the kidney per minute.

The plasma is not completely cleared of urea, only about 10 percent of the urea

is removed.

Consequently, 750 ml of plasma pass through the kidney per minute and 10

percent of the urea is removed, this is equivalent to completely clearing of 75

ml of plasma per minute.

Procedure 

The test should be performed between breakfast and lunch, as excretion is more 
uniform during this time.

1. The patient, who is kept at rest throughout the test, is given a light breakfast and 2   

to 3 glasses of water. 

2. The bladder is emptied and the urine is discarded, the exact time of urination is 

noted.
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3. One hour later, urine is collected and a specimen of blood is withdrawn
for

determining urea content.
4. A second specimen of urine is obtained at the end of another hour. The

volume of each specimen of urine is measured accurately and the
concentration of urea in the specimen of blood and urine is determined.

The average value of the two specimens of urine is used for assessing the
quantity and urea content of urine.

V=  V1 +V2 /120
It has been shown that, when the volume of urine excreted is relatively high,
the amount of urea excreted/minute is directly proportional to the blood urea
content But when urinary volume is small , this relation does not hold good.
The critical urinary volume when there is no proportionate increase in the
rate of urea excretion is called Augmentation limit. In adults, the
augmentation limit is 2ml/minute.
The calculation for clearance above and below 2ml/minute is different.

(a) Maximum clearance:

If the urine volume exceeds 2 ml/mt, the rate of urea elimination is at a

maximum and is directly proportional to the concentration of urea in the

blood.
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Thus, provided the blood urea remains unchanged, urea is excreted at the

same rate whether the urinary output is 4 ml or 8 ml/mt.

Volume of blood cleared of urea per minute can be calculated from the

formula: UxV / B

where, U = Concentration of urea in urine (in mg/100 ml)

V = Volume of urine in ml/mt and

B = the concentration of urea in blood (in mg/100 ml) Substituting average

values,

the number of ml of blood cleared of urea per minute = 1000 x 2.1/28 = 75

A urea clearance of 75 does not mean that 75 ml of blood has passed through

the kidneys in one minute and was completely cleared of urea.

But it means that the amount of urea excreted in the urine in one minute is

equal to the amount found in 75 ml of blood.

Maximum urea clearance: The clearance which occurs when the urinary

volume exceeds 2 ml/mt is termed as Maximum urea clearance (Cm) and

average normal value is 75.

Cm = 75 (Normal range 75 ± 10)
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(b) Standard clearance:

When the urinary volume is less than 2 ml/mt, the rate of urea elimination

is reduced, because relatively more urea is reabsorbed in the tubules, and is

proportional to the square root of the urinary volume.

Such clearance is termed as standard clearance of urea (Cs) and average

normal value is 54.

Cs = U X √V/B = 54ml (54  ± 10)

Expression of result as % Sometimes the result of a urea clearance test is 
expressed as a percent of the normal maximum or of the normal standard 
urea clearance depending on whether the urinary output is greater or lesser 
than 2 ml/mt.

Expressed as % of normal 

Cm = UV/B x  100/75% = 1.33

Cs = U√V/B x 100/54% =1.85
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Relation with Body Surface 

The urea clearance is proportional to the surface area of the body and if

the result is to be expressed as a % of normal, a correction must be

made in the case of children and those of abnormal stature.

• The Cm is directly proportional to the body surface and if any

correction is required the result should be multiplied by 1.73 /BS ,

where BS = the patient’s body surface derived from the height and

weight.

• In the case of Cs, the correction factor is √1.73 /BS

Interpretation of the Test

● Urea clearance of 70 per cent or more of average normal function

indicates that the kidneys are excreting satisfactorily.

● Values between 40 to 70 per cent indicate mild impairment,

● Between 20 to 40 per cent moderate impairment and

● Below 20 per cent indicates severe impairment of renal function.
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● In acute renal failure: The urea clearance Cm or Cs is lowered, usually

less than 1/2 the normal and increases again with clinical improvement.

• In chronic nephritis: The urea clearance falls progressively and reaches a

value 1/2 or less of the normal before the blood urea concentration begins to

rise. With values below 20 percent of normal, prognosis is bad, the survival

time rarely exceeds two years and death occurs within a year in more than 50

percent cases.

In terminal uraemia: The urea clearance falls to about 5 percent of the

normal values.

• In nephrotic syndrome: The urea clearance is usually normal until the

onset of renal insufficiency sets in and produces the same changes as in

chronic nephritis.

• In benign hypertension: A normal urea clearance is usually maintained

indefinitely except in few cases which assume a terminal malignant phase

when it falls rapidly.

Note: A very low protein diet can lead to low clearance value even in normal

persons and in patients with mild renal disease
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TESTS FOR RENAL BLOOD FLOW 

1. Measurement of Renal Plasma Flow (RPF)

Para amino hippuric acid is filtered by the glomeruli (only 20 to 30%) and

is actively secreted by the proximal tubules. At low plasma concentrations

(1.0 to 2.0 mg/100 mL), an average of 90 percent of PAH is cleared by the

kidneys from the renal blood stream in a single circulation.

Tubular capacity for excreting PAH of low blood levels is great. Thus, the

amount of PAH in the urine becomes a measure for the value of plasma

cleared of PAH in a unit time, i.e. PAH clearance at low blood levels

measures renal plasma flow (RPF).

RPF (for a surface area of 1.73 sq. m) = 574 ml/mt.

PAH is useful for the measurement of RPF because it is secreted by renal

tubules, only 20 to 30% is filtered by the glomerulus and not reabsorbed by

the tubules.



RPF is calculated by the clearance of para-aminohippuric acid (PAH), as

at low concentrations this compound is completely cleared from the plasma

by renal tubular filtration and secretion in a single pass.

PAH isn't made in the body, so a known amount of PAH can be injected into the

body. PAH is also ideal because it doesn't alter renal plasma flow in any way.

2. Filtration Fraction (FF): The filtration fraction (FF) is the fraction of

plasma passing through the kidney which is filtered at the glomerulus and is

obtained by dividing the inulin clearance by the PAH clearance.

FF = CIn/CPAH = GFR/RPF

If we take, GFR = 125 and RPF = 594,

then the FF = _125___ = 0.217 (21.7%)

574

Normal range: 0.16 to 0.21 in an adult.
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Interpretations

• The FF tends to be normal in early hypertension, but as the disease

progresses, the decrease in RPF is greater than the decrease in the GFR.

This produces an increase in FF.

• In the malignant phase of hypertension: These changes are much greater,

consequently the FF rises considerably.

• In glomerulonephritis: The reverse situation prevails. In all stages of

this disease, a progressive decrease in the FF is characteristic because of

much greater decline in the glomerular filtration rate (GFR), than the renal

plasma flow (RPF).

• A rise in FF is also observed early in congestive cardiac failure.
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TESTS OF TUBULAR FUNCTION 

Pathophysiological aspect:

Alterations in renal tubular function may be brought about by:

• Ischaemia with reduction in blood flow through the peritubular capillaries,

• Direct action of toxic substances on the renal tubular cells, and

• Biochemical defects, impairing transfer of substances across the tubular cells.

Adequate renal tubular function requires adequate renal blood flow, a significant

reduction in the latter is reflected in impaired tubular function. Hence arteriolar

nephrosclerosis and other diseases diminishing blood flow, causes inability to

concentrate or dilute the urine with resulting “isosthenuria” (“fixation” of sp. gr. at

1.010).

A. Concentration Tests

Principle: Based on the ability of the kidneys to concentrate urine, and based on

measuring sp. gr. of urine. They are simple bedside procedures, easy to carry out

and extremely important.

The tests are conducted either:

• Under conditions of restricted fluid intake, or

• By inhibiting diuresis by injection of ADH
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1. Fishberg concentration test: 

This test imposes less strenuous curtailment of fluid intake and may be completed in a

shorter period of time. Most commonly used simple bedside concentration test.

Procedure

Patient is allowed no fluids from 8 PM until 10 AM next morning.

The evening meal is given at 7 PM. It should be high protein and must have a fluid

content of less than 200 ml. Urine passed in the night is discarded. Nothing by mouth

next morning.

Collect urine specimens next morning at 8 AM, 9 AM and 10 AM and determine the

specific gravity of each.

Result and Interpretation

• If tubular function is normal, the sp.gr. of at least one of the specimens should be

greater than 1.025, after appropriate correction made for temperature, albumin and

glucose.

• Impaired tubular function is shown by a sp.gr. of 1.020 or less and may be fixed at

1.010 in cases of severe renal damage.

2. Lashmet and Newburg concentration test:

This test imposes:

• Severe fluid intake restriction over a period of 38 hours, and

• Involves the use of a special dry diet for one day.
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3. Concentration test with posterior pituitary extract: 

The subcutaneous injection of 10 pressor units of posterior pituitary extract

(0.5 ml of vasopressin injection) in a normal person will inhibit the diuresis

produced by the ingestion of 1600 ml of water in 15 minutes.

The test has the advantage of short performance time, and minimising the

necessity of preparation of the patient. Posterior pituitary extract will also

inhibit the diuresis seen in congestive heart failure under active treatment as

well as that of Diabetes Insipidus, allowing sufficient concentration to

determine degree of tubular function in these conditions.

Interpretation: Under the conditions of the test, individual with normal

kidney function, excrete urine with sp. gr. 1.020 or higher.

Failure to concentrate to this degree indicates renal damage.

B. Water Dilution/Elimination Test 

Principle: The ability of the kidneys to eliminate water is tested by

measuring the urinary output after ingesting a large volume of water.

Note: Water excretion is not only a renal function but also depends on

extrarenal factors and prerenal deviation will reduce the ability of the kidneys

to excrete urine.
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Procedure

The patient remains in bed throughout the test because elimination of water

is maximal in the horizontal position.

On the day before the test, the patient has an evening meal but takes nothing

by mouth after 8 PM.

On the morning of the test, he empties his bladder at 8 AM which is

discarded, and then drinks 1200 ml of water within half hour.

The bladder is emptied at 9, 10, 11 and 12 noon and the volume and the sp.

gr. of the four specimens are measured.

Interpretations

• If renal function is normal, more than 80 per cent (1000 ml) of water is

voided in 4 hours, the larger part being excreted in the first 2 hours. The

sp.gr. of at least one specimen should be 1.003 or less.

• If renal function is impaired, less than 80 per cent (1000 ml) of water is

excreted in 4 hours, and the sp.gr. does not fall to 1.003 and remains fixed at

1.010 in cases of severe renal damage.
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C. Tests of Tubular Excretion and Reabsorption 

Principle: 

The reserve function of secretion of foreign nonendogenous materials by the

tubular epithelium is most conveniently tested for by the use of certain dyes

and measuring their rate of excretion.

1. Phenol Sulphthalein (PSP) Excretion Test 

Use of PSP (Phenol red) to measure renal function was first introduced by

Rowntree and Geraghty in 1912.

Later on, Smith has shown that with the amount of dye employed, 94

percent excreted by tubular action and only 6 per cent by glomerular

filtration. Thus the test measures primarily tubular activity as well as being

a measure of renal blood flow.

15-MINUTE PSP TEST:

It has been shown that the test is reliable and sensitive if the amount of dye

excreted in the first 15 minutes is taken as the criterion of renal function.
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Test and Interpretation 

• When 1.0 ml of PSP (6 mg) is injected IV, normal kidneys will excrete

30 to 50 per cent of the dye during the first 15 minutes.

Excretion of less than 23 percent of the dye during this period regardless

of the amount excreted in 2 hours indicates impaired renal function.

• It is also used to determine the function of each kidney separately. Here

the appearance time as well as the rate of excretion of the dye is of

importance.

After IV injection, the normal appearance time of the dye at the tip of the

catheters is 2 minutes or less and rate of excretion from each kidney is

greater than 1 to 1.5 percent of the injected dye per ml. Increase in

appearance time and decrease in excretion rate indicate impaired

function.
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